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Preface

Tu t  ro o ts  o f  th is  book  reach  back to  my u n d e rg ra d u a te  years as .11 
e n g in e e r in g  s tu d e n t. In  th o se  days, en g in e e rs  seem ed  u iiinteicsie<  

in c o m p re h e n d in g  th e  o rd e r  in th e  techno log ica l w orld . A 11 ex cep tio n  wa: 
th e  co u rse  o f  s tu d y  in  e lec trica l e n g in e e r in g . T h e  so lu tio n  o f  p ro b lem s ii 
th is field  d e m a n d e d  an  ability  to  see re la tio n sh ip s , use m a them atics  im 
ag inatively , a n d  d ra w  o n  g e n e ra liza tio n s . Especially  satisfy ing  was a conrs« 
in e lec tric  p o w er p lan t d e s ig n  ta u g h t by P ro fe sso r F red e rick  M orse, win 
h ad  th e  in te lle c tu a l s tre n g th  to  use  e leg an t electrical science in solving 
p ro b lem s w ith in  a c o n te x t o f  e conom ic , political, an d  g eo g rap h ica l lac tors 
H e  so lved  n o t by ex c lu d in g  variab les bu t by b r in g in g  to  b e a r  p ow erfu l and 
co m p lex  analysis a n d  o rd e r .

D esp ite  so m e  d is a p p o in tm e n t in th e  way e n g in e e r in g  was ta u g h t, I nevei 
gave u p  th e  s ea rch  fo r  traces  o f  o rd e r  in m an -m ad e  com plex ities. In g rad  
u a le  school I tu rn e d  to  h is to ry  a n d  c o n tin u e d  th e  search  fo r exp ressions 
h ow ever tre m u lo u s , o f  m a n ’s c o n s tru c tiv e  p o w er in a chao tic  w orld. I sought 
th e  p a tte rn s  th a t so m e  e n g in e e rs  h ad  im p o sed  in th e  past 011 th e  m aterial 
w orld . T h e se  w ere  th e  e n g in e e rs  w ho, in th e  w ords o f  th e ir  n in e teen th  
c e n tu ry  b io g ra p h e r  S am uel Sm iles, “w ere s tro n g -m in d e d , reso lu te , and  
in g en io u s ,"  a n d  w ho  w ere “im p e lled  to  th e ir  special p u rsu its  by th e  lo rc r 
o f  th e ir  co n s tru c tiv e  in stinc ts."

My h is to r ia n -m e n to rs , O r o n J .  H ale  a n d  Ju lian  B ishko. sough t p a tte rn s  
in political, e conom ic , a n d  d ip lo m a tic  h istory . T h e y  d e lig h te d  in find ing  
c o h e re n c e  in  B ism arck 's fo re ig n  policy o r  in th e  seasonal rh y th m s and  
g eo g rap h ica l m ig ra tio n s  o f  th e  mesta in m edieval S pa in . I so u g h t th e  e c o n 
om y, e ffic iency , a n d  system  im p o sed  by in v en to rs , en g in ee rs , m anagers , 
a n d  e n tr e p re n e u r s  o f  techno log ica l ch an g e . Early on  I fo u n d  that th e  most 
im pressive  o f  th e  p a tte rn s  im p o sed  on  th e  w orld  by m en  im pelled  by the 
force o f  c o n s tru c tiv e  in stinc ts w ere system s, c o h e re n t s tru c tu re s  com prised  
o f  in te ra c tin g , in te rc o n n e c te d  c o m p o n e n ts  tha t ra n g e d  fro m  relatively sim 
ple m ach in es  to  reg io n a l e lec tric  supp ly  ne tw orks, C om plex  system s becam e 
my u n it  o f  s tudy .

T h is  s tu d y  o f  system s has been  in p ro g re ss  fo r m ore  th an  a decade . 
T h e re fo re ,  it has been  conceived , re sea rch ed , an d  w ritten  w ithin th e  c o n 
text o f  rap id ly  c h a n g in g  p erspec tives  o n . a n d  a ssu m p tio n s ab o u t, th e  n a tu re
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o f  h istory , especially  th e  h is to ry  o f  tech n o lo g y . Initia lly , th e  essen tia l p ro b 
lem  seem ed  to  be to  d e lin e a te  a h is to ry  o f  evo lv ing  ideas a n d  th e  a r tifac ts  
th a t gave th e  ideas m a te ria l re p re se n ta tio n . T h e  h is to ry  o f  a g iven  m ach ine  
o r  p rocess was o f te n  w ritten , th e n , w ithouL re fe re n c e  to  c o n tex t. I fo u n d  
th a t th e re  was in te re s t in  th e  im p ac t o f  te ch n o lo g y  o n  society, b u t th a t w ith 
ra re  ex cep tio n s  th e  im p ac t o f  society, o r  c u ltu re , o n  th e  sh a p e  o f  techno logy  
h ad  b een  v irtua lly  ig n o re d . D issatisfied  w ith th e  in te rn a lis t’s a p p ro a c h . I 
t u rn e d  to  an  ex p lo ra tio n  o f  a b ro a d  ra n g e  o f  fac to rs , ev en ts , in stitu tio n s, 
m en , a n d  w om en  invo lved  in  co m p lex  n e tw o rk s  o f  p o w er— techn ica l, eco
n om ic, po litical, a n d  social. My ex p lo ra tio n  o f  th e  c u ltu ra l  c o n te x t was 
re in fo rc e d  w hen  I becam e  a m e m b e r o f  a h is to ry  o f  science d e p a r tm e n t  
th a t u sed  th e  c o n te x tu a l a p p ro a c h .

As m y stu d y  o f  th e  h is to ry  o f  tech n o lo g y  c o n tin u e d , I fo u n d  n o t only 
th a t te chno log ica l system s in co n tex t w ere  th e  u n its  fo r  s tu d y , b u t a lso that 
th e  h is to ry  o f  th e se  system s e x te n d e d  b ey o n d  n a tio n a l b o rd e rs . A stu d y  of 
U .S. e lec tric  ligh t a n d  p o w er system s a lo n e  w ou ld  n o t do . C ausa l links are  
no  re sp e c te rs  o f  po litical b o u n d a rie s . I d isco v e red  th a t in v e n to rs , en g in ee rs , 
a n d  m a n a g e rs  o f te n  d re w  o n  fo re ig n  tech n o lo g ie s— even  w en t ab ro a d  in 
sea rch  o f  th e m — as they  p u rs u e d  so lu tio n s to  th e ir  p ro b lem s. I fo u n d  that 
the netw orks o f  evolving technologies o ften  linked  G erm an y  with th e  U nited 
S tates b ecau se  bo th  w ere  in d u s tr ia liz in g  ra p id ly , a n d  th a t E n g lan d  o ften  
p ro v id e d  a co n tra s t  to  ev en ts  a n d  tre n d s  o b se rv e d  in th e  o th e r  tw o c o u n 
tries. (L im ita tio n s o f  tim e , re so u rces , a n d  la n g u a g e  p re v e n te d  ex p lo ra tio n  
o f  th e  so u rces  p e r ta in in g  to  F ran ce , Ita ly , S w ed en , th e  B en e lu x  co u n tries , 
Russia, J a p a n ,  a n d  o th e r  in d u s tr ia liz in g  reg io n s  o f  th e  w o rld .)

In  tim e  I fo u n d  th a t a co m p ara tiv e  a p p ro a c h  lin k in g  th r e e  n a tio n a l a reas  
n e e d e d  to  be m o d ified . In  fact, th e  in te ra c tio n  b e tw een  re g io n  a n d  te c h 
nology  was m o re  no tab le  th a n  th a t be tw een  n a tio n  a n d  tech n o lo g y . In f lu 
ences a t th e  na tio n a l level, such  as leg isla tion , a ffe c te d  ev o lv in g  te c h n o lo g 
ical system s, b u t local g eo g rap h ica l fac to rs , b o th  n a tu ra l a n d  m a n -m a d e , 
w ere  m o re  d ire c t a n d  d isce rn ib le  d e te rm in a n ts  o f  th e  sh a p e  o f  th e  system s. 
S ta led  d iffe re n tly , th e  fac to r e n d o w m e n ts  s h a p in g  e lec tric  p o w er system s 
w ere m o re  reg io n a l th a n  n a tiona l.

T a k in g  th e  co m p a ra tiv e  a p p ro a c h  was m a d e  m o re  m a n a g e a b le  by the 
decision  to  focus on  dec is ions m a d e  by in v e n to rs , en g in e e rs , m a n a g e rs , an d  
fin an c ie rs  w ho w ere  system  b u ild e rs . T h is  e m p h a s is  o n  th e  in n e r  w ork ings 
o f  e lec tric  su p p ly  system s a n d  th e  d y n am ics o f  th e ir  g ro w th  d id  n o t, how 
ever, p ro d u c e  a s tu d y  th a t is o f  in te re s t on ly  to  p ro fe ss io n a ls  p re s id in g  o ver 
techno log ica l ch an g e . C o n su m e rs  o f  te ch n o lo g y  can  m o re  effec tive ly  in flu 
ence  th e  o u tp u t  o f  te chno log ica l system s if  they , too , u n d e rs ta n d  th e  fu n c 
tio n in g  o f  system s a n d  th e  n a tu re  o f  th e  critical d ec is ions m a d e  by those 
w ho d ire c t th em .

As a h is to rian  trad itio n a lly  tra in e d , I am  re lu c ta n t to  su g g es t a defin itiv e  
m odel fo r  th e  ev o lu tio n  o f  e lec tric  p o w er system s. N ev e rth e le ss , I have 
p ro p o se d  a loosely s tru c tu re d  m odel b ecause  th e  h is to ry  I e x p lo re d  was 
m ostly  u n to u c h e d , a n d  I w an t to  p ro v id e  so m e  la n d m a rk s  by w hich  o th e r  
h is to rian s  can c h a r t  th e ir  ex p lo ra tio n s . I e x p ec t m y fin d in g s  to  be rev ised , 
m y m ap  to  be re d ra w n , a n d  m y th em es  to  be re d e f in e d  as th e  a rch iv es  a re  
e x p lo re d  fa r m o re  th o ro u g h ly  in th e  fu tu re . I a lso a n tic ip a te  th a t h is to rian s
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w ho re flec t on  th e  sam e m a te r ia l th a t I have  u sed  will fin d  d iffe re n t p a t
te rn s .
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m e n te d  on  c h a p te rs  o r  sec tions o f  th e  book  a re  W ayne A stley, J a m e s  B eard , 
R o b ert B elfie ld , R ich a rd  B e ttin g e r , J o h n  B ra in e rd , Ja m e s  B ritta in , H arvey  
B rooks, B e rn a rd  C a rlso n , A lfred  C h a n d le r , R o b e rt F riede l, Leslie H a n n a h , 
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C H A P T E R  I

Introduction

F THE greal construction projects o f the last century, none has been
m o re  im pressive  in  its techn ica l, econom ic , a n d  scien tific  aspec ts, 

n o n e  has b een  m o re  in flu en tia l in its social effec ts , a n d  n o n e  has en g ag ed  
m o re  th o ro u g h ly  o u r  c o n s tru c tiv e  in stinc ts a n d  capab ilities th a n  th e  electric  
p o w er system . A g re a t n e tw o rk  o f  p o w er lines w hich will fo re v e r  o rd e r  the  
way in w hich we live is now  su p e rim p o se d  on  th e  in d u s tr ia l w orld . In v e n 
to rs, en g in e e rs , m an ag e rs , a n d  e n tr e p re n e u r s  have  o rd e re d  th e  m an -m ad e  
w orld  w ith th is en e rg y  n e tw o rk . T h e  h a lf-cen tu ry  fro m  1880 to  1930 c o n 
s titu ted  th e  fo rm a tiv e  y ears o f  th e  h is to ry  o f  e lec tric  su p p ly  system s, and  
fro m  a s tu d y  o f  th e se  y ears o n e  can  p erce ive  th e  o rd e r in g ,  in teg ra tin g , 
c o o rd in a tin g , a n d  sy stem atiz ing  n a tu re  o f  m o d e rn  h u m a n  societies. Electric 
po w er system s d e m a n d e d  o f  th e ir  d e s ig n e rs , o p e ra to rs , a n d  m an ag e rs  a 
feel fo r th e  p u rp o se fu l m a n ip u la tio n  o f  th ings, in te llec t fo r  th e  ra tio n a l 
analysis o f  th e ir  n a tu re  a n d  dynam ics, a n d  an  ability  to  dea l w ith th e  messy 
econom ic , po litical, a n d  social vitality o f  th e  p ro d u c tio n  system s th a t e m 
body  th e  co m p lex  objectives o f  m o d e rn  m en  a n d  w om en. R o b ert V en tu ri, 
th e  c o n te m p o ra ry  a rch itec t, has asked  a rch itec ts  to  e m b race  th e  com plex ity  
a n d  c o n tra d ic tio n s  o f  th e  m o d e rn  w orld  a n d  to  m ak e  o f  th a t w orld  a 
h ab itab le  e n v iro n m e n t .1 L ead in g  e n g in e e rs  a n d  m an ag e rs  have also rec 
ogn ized  th a t th e ir  d r iv e  fo r o rd e r  m u st be te m p e re d  by to le ran ce  o f  m essy 
v itality. M o d e rn  elec tric  system s have th e  h e te ro g e n e ity  o f  fo rm  a n d  fu n c 
tion  th a t m ake  possib le  th e  e n co m p ass in g  com plex ity .

M an ’s m ak in g  o f  th e  com plex  m o d e rn  w orld  is an  a p p ro p r ia te  subject 
fo r th e  tw e n tie th -c e n tu ry  h is to rian . C rea tio n  o f  th e  m ateria l e n v iro n m e n t 
sh a p e d  by— a n d  sh a p in g — m a n k in d  is n o t a p e r ip h e ra l sub ject tha t can  be 
left to  n a rro w  specialists. T o  d irec t a tte n tio n  today  to  techno log ical affa irs  
is lo  focus on  a co n ce rn  th a t is as cen tra l now  as n a tio n  b u ild in g  and  
c o n stitu tio n  m ak in g  w ere a cen tu ry  ago. T ech no log ica l a ffa irs  co n ta in  a 
rich te x tu re  o f  technical m a tte rs , sc ientific laws, econom ic p rinc ip les , p o 
litical forces, a n d  social concerns. T h e  h is to rian  m ust take  th e  b ro ad  p e r 
spective to  get to  th e  roo t o f lh in g s  an d  to  see th e  p a tte rn s . S cien tists and

1 Robert V enturi. Complexity and Contradiction in Architecture (New York: T he Museum ol 
Modern Art, I960), pp. 22-23.
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eng ineers analyze th e  technical system s they build , b u t historians a re  n eeded  
to  c o m p re h e n d  th e  co m p lex , m u ltiface ted  re la tio n s  o f  th e se  system s a n d  
th e  ch an g es th a t tak e  p lace in th e m  o v e r lim e .2

F or h is to rian s, th e  s tu d y  o f  c o m plex ity  a n d  c h a n g e  is en g ag in g . E dw ard  
G ibbon  sal in th e  ru in s  o f  th e  C ap ito l in R om e a n d  re flec ted  on  th e  co n tra s t 
b e tw een  w hat he saw b e fo re  h im  a n d  th e  e a r lie r  g lo ry  th a t was R om e. U p o n  
see ing  d ru m s  o f  oil b e in g  u n lo a d e d  fro m  an  A m erican  sh ip  in  an  A frican  
p o rt,  th e  A m erican  sch o la r P e rry  M iller a sked  how  a civ ilization  as new  as 
th e  A m erican  o n e  co u ld  a lre a d y  be e x p o r tin g  th e  p ro d u c ts  o f  its te chno logy  
to  re m o te  a rea s  o f  th e  w orld  th a t h ad  b een  se ttled  c e n tu r ie s  ea r lie r .  O th e r  
h is to rian s , tak in g  b a re b o n e d  sta tistics f ro m  w idely s e p a ra te d  tim es, have 
so u g h t to  ex p la in  q u a n tita tiv e  c h a n g e  by m ean s o f  qu a lita tiv e  analysis. T h e  
d ra m a  o f  c h a n g e  p ro v id es  th e  h is to rian  w ith a n  em p h as is  th a t sets h im  o r  
h e r  a p a r t  fro m  th e  social sc ien tist, w ho o f te n  dissects s itu a tio n s  w ith o u t 
in c lu d in g  a tim e  d im en s io n .

H ow  d id  th e  sm all, in te rc ity  lig h tin g  system s o f  th e  1880s evolve in to  th e  
reg io n a l p o w er system s o f  th e  1920s? In  th is case, th e  c h a n g e  is n o t th e  
d ec lin e  th a t fasc ina ted  G ibbon ; it is th e  e x p a n s io n  th a t a ttra c te d  M iller. 
T h e  focus is n o t o n  co n tra s tin g  d a ta ; it is o n  c o n tra s tin g  physical co n fig 
u ra tio n s . T h e  p ro b lem  o f  th is b ook  is to  e x p la in  th e  c h a n g e  in  co n fig u ra tio n  
o f  e lec tric  p o w er system s d u r in g  th e  h a lf-c e n tu ry  b e tw een  1880 a n d  1930. 
S uch  c h a n g e  can  be d isp lay ed  in n e tw o rk  d ia g ra m s  (see Fig. 1 .1), b u t th e  
e f fo r t  to  e x p la in  th e  c h an g e  involves c o n s id e ra tio n  o f  m an y  fie lds o f  h u m a n  
activity , in c lu d in g  th e  techn ica l, th e  scien tific , th e  eco n o m ic , th e  po litical, 
an d  th e  o rg an iza tio n a l. T h is  is because  p o w er system s a re  c u ltu ra l  a r tifac ts .

E lectric  p o w er system s e m b o d y  th e  physical, in te lle c tu a l, a n d  sym bolic 
re so u rces  o f  th e  society th a t co n s tru c ts  th em . T h e re fo re ,  in e x p la in in g  
c h an g es  in th e  co n fig u ra tio n  o f  p o w er system s, th e  h is to r ia n  m u s t ex am in e  
th e  c h a n g in g  re so u rces  a n d  asp ira tio n s  o f  o rg a n iz a tio n s , g ro u p s , a n d  in 
d iv idua ls . E lectric p o w er system s m ad e  in d if fe re n t societies— as well as in 
d if fe re n t  tim es— involve c e rta in  basic techn ica l c o m p o n e n ts  a n d  c o n n e c 
tions, b u t varia tio n s in th e  basic essen tia ls o f te n  revea l v a ria tio n s  in re 
sou rces, tra d itio n s , po litical a rra n g e m e n ts , a n d  eco n o m ic  p rac tice s  f ro m  
o n e  society to  a n o th e r  a n d  fro m  o n e  tim e  to  a n o th e r . In  a sense , e lec tric  
po w er system s, like so m u ch  o th e r  tech n o lo g y , a re  b o th  causes  a n d  e ffec ts  
o f  social ch an g e .

Pow er system s re flec t a n d  in f lu en ce  th e  co n tex t, b u t th ey  also d ev e lo p  
a n  in te rn a l d ynam ic . T h e re fo re ,  th e  h is to ry  o f  ev o lv ing  p o w e r system s 
re q u ire s  a tte n tio n  n o t on ly  to  th e  forces a t w ork  w ith in  a g iven  c o n te x t b u t 
to  th e  in te rn a l d y n am ics o f  a d ev e lo p in g  techno log ica l system  as well. T h is  
book  is n o t sim ply  a h is to ry  o f  th e  e x te rn a l fac to rs  th a t s h a p e  tech n o lo g y , 
n o r  is it on ly  a h is to ry  o l th e  in te rn a l dy n am ics o f  tech n o lo g y ; it is a h is to ry  
o f  tech n o lo g y  a n d  society.

S cien tists have d o n e  m u ch  to  e n lig h te n  us ab o u t th e  n a tu re  o f  d ynam ics 
o f  th e  s tru c tu re s  o f  th e  n a tu ra l w orld , bu t h is to rian s  have as yet on ly  barely

’ In his essays. Harvey Brooks, a scientist and engineer, addresses the multifaceted com
plexity or contemporary tcchnosocial systems. See. Tor example. Brooks. "A Framework Tor 

J 72): M:i S ° 8y P ' EEE Tnmaaima Mnn' nnd Cybernetics. SMC-2.



FIGURE 1.1. THE CONFIGURATION OF EVOLVING SYSTEMS: INNER CITY (1885): CENTRALIZED URBAN (1906); AND  
REGIONAL (1930)



FIGURE 1.2. THE STATISTICS OF EVOLVING SYSTEMS IN  THREE COUNTRIES

Above. Electricity generated by public utilities in Germany, 1880- 
1940. From Rudolf von Miller’s article in Technikgeschichte 25 
(1936): 112.

Right; Electricity generated by utilities in the United States, 1882- 
1921. From Electrical W orld 80 (1922): 546.

1B30 IB?? IBM l»w“lB n 1030 103? 1934 IBM IBM
The growth of electricity sales in the United Kingdom. 1895-1913 (left) and 1920-1938  (right). 
Data from I. C. R. Ryatt, "The British Electrical Industry, 1875-1914" (I). Phil, thesis, Oxford 
University, 1962). p. 111; and Hannah, Electricity Before Nationalisation, table A .I
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p e n e tra te d  th e  su rface  o f  th e  h igh ly  o rg an ized  a n d  evolv ing  system s o f  th e  
m a n -m a d e  w orld . H is to rian s  in te re s te d  in tech no logy  have  w ritten  on ly  a 
few m o n o g ra p h s  th a t c o n c e n tra te  o n  th e  ev o lu tio n  o r  th e  m assive, e x te n 
sive, vertically in teg ra ted  p ro d u ctio n  system s o f  th e  m o d e rn  industria l world. 
A lth o u g h  th e  pub lic  senses th e  s tro n g  o rg an iz in g  fo rces th a t o rig in a te d  in 
th e se  system s a n d  th a t to d ay  in f lu en ce  th e ir  lives, they  only  d im ly  p erce ive  
th e  n a tu re  o f  th e se  forces. T h e  techno log ica l, o r  m an -m ad e , w orld  aw aits 
a D arw in  lo  ex p lica te  th e  o rig in s  a n d  dynam ics o f  th e  fo rces  th a t p e rv a d e  
it. Q u o tin g  P aul V alery , h is to r ia n  M arc B loch ch id es  tra d itio n a l h is to rian s  
fo r  n o t tak in g  u p  th e  task  o f  exp lica tin g  " th e  c o n q u es t o f  th e  e a r th ” by 
e lectric ity , o n e  o f  th o se  n o tab le  p h e n o m e n a  th a t have “g re a te r  possib ilities 
o f  sh a p in g  o u r  im m e d ia te  fu tu re  th a n  all th e  political even ts  co m b in e d ." 3

H ow  m ig h t th e  techno log ica l system s th a t increasing ly  s tru c tu re  o u r  m a 
te ria l e n v iro n m e n t— specifically , e lectric  p o w er system s— be d e f in e d ?  B e
cause  th ese  system s h av e  v aried  o v e r  lim e  a n d  fro m  place to  place, th e  
h is to r ian 's  d e f in itio n  can n o t be as p rec ise  as th e  sc ien tis t’s. L udw ig  von 
B e rta lan ffy , o n e  o f  th e  m ost a r tic u la te  o f  system s th eo ris ts , n e e d e d  a book , 
n o t a p a ra g ra p h ,  to  d e f in e  “sy stem ."4 T h u s , an  in a d e q u a te  ap p ro x im a tio n  
m u s t se rve  h e re  as a n  in tro d u c tio n  to  th e  co n cep t o f  system s. S om e c h a r 
acteristics o f  system s a re  so g e n e ra l th a t they  tra n sc e n d  lim e  a n d  p lace. A 
system  is c o n s titu te d  o f  re la te d  p a r ts  o r  co m p o n en ts . T h e se  c o m p o n e n ts  
a re  co n n e c te d  by a n e tw o rk , o r  s tru c tu re , w hich fo r th e  s tu d e n t o f  system s 
m ay be o f  m o re  in te re s t  th a n  th e  co m p o n en ts . T h e  in te rc o n n e c te d  co m 
p o n e n ts  o f  te chn ica l system s a re  o f te n  cen tra lly  co n tro lled , a n d  usually  th e  
lim its o f  th e  system  a re  es tab lish ed  by th e  e x te n t o f  th is c o n tro l. C on tro ls  
a re  ex erc ised  in o rd e r  to  op tim ize  th e  system ’s p e rfo rm a n c e  a n d  to  d irec t 
th e  system  to w ard  th e  a c h iev em en t o f  goals. T h e  goal o f  an  elec tric  p ro 
d u c tio n  system , fo r  ex am p le , is to  tra n s fo rm  availab le e n e rg y  su p p ly , o r  
i n p u t, in to  d e s ire d  o u tp u t ,  o r  d e m a n d . B ecause th e  c o m p o n e n ts  a re  re la ted  
by th e  n e tw o rk  o f  in te rc o n n e c tio n s , th e  s ta le , o r  activity, o f  o n e  co m p o n en t 
in flu en ces  th e  sta te , o r  activity , o f  o th e r  c o m p o n e n ts  in th e  system . T h e

’ Marc Bloch, The Historian’s Craft (New York: Knopf, 1959), p. 66.
* Ludwig von Bertalanffy, GeneraI System Theory: Foundations, Development. Applications (New 

York: Braziller, 1968). T he  literature on systems in general is extensive, and even a selected 
bibliography is beyond the scope of—and inappropriate for—a history o f a particular kind 
o f system. T he  interested reader might first consult the bibliography in Bcrtalanffy’s General 
System Theory and the article by Talcott Parsons, “Social Systems," in Encyclopedia of the Social 
Sciences, 1968. 15: 458-72. More specific as an introduction to technological systems is G unter 
Ropohl, EineSystemtheoriederTechnik: Zur Grundlegung der Allgemeinen Technologic (Munich and 
Vienna: H anser, 1979), which has an extensive bibliography.

I n 1978, Bertrand Gille, the French historian o f technology, published an extensive historical 
survey in which he used a systems model o f the development o f technology to place the history 
o f technology in the context o f general history. His model involved technology as structures, 
technical ensembles, and technical concatenations. These correspond roughly to machines, 
processes, and civil-engineering works (structures); production, communication, and trans
portation systems (ensembles); and such systems interrelated vertically and horizontally by 
general production or output (concatenations). Gille used the model to range over human 
history and explain technical progress. I am indebted to Professor Cecil Smith for sharing 
his unpublished English translation (1981) of Bertrand Gillc's "A Systems History of T ech
nology" (Hisloire des techniques [Paris: Gallimard, 1978]). Gille's model was brought to my 
attention after I completed my manuscript, but I find no cause to revise my own model, which 
interprets a relatively circumscribed case history in fine detail.
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n e tw o rk  p ro v id es  a d is tin c tiv e  co n fig u ra tio n  fo r th e  system . F o r  ex am p le , 
a system  can  have  its c o m p o n e n ts  a r ra n g e d  vertically  o r  h o rizon ta lly .

A cco rd in g  lo  w id e sp re a d  u sag e , a h o rizo n ta lly  a r ra n g e d  system  in te r 
co n n ec ts  c o m p o n e n ts  o f  th e  sam e k in d  o r  fu n c tio n , th o u g h  n o t necessarily  
o f  th e  sam e m a g n itu d e , w hile  a vertical system  in te rc o n n e c ts  c o m p o n e n ts  
jo in e d  in a fu n c tio n a l c h a in . F o r e x am p le , an  e lectrical system  o f  th e  h o r 
izontal k in d  co m b in es  p o w e r p lan ts  u n d e r  ce n tra l  c o n tro l,  w hile a p ro 
d u c tio n  system  o f  th e  vertical k in d  m ig h t link a coal m in e  lo  an  electric  
p o w er p la n t th ro u g h  a ce n tra l  co n tro l facility c o o rd in a tin g  th e  su p p ly  o f  
coal a n d  th e  o u tp u t  o f  e lec tric ity . System s a re  also a r ra n g e d  h ie ra rch ica lly , 
w ith  sm all system s y ie ld ing  lo  th e  o v e r r id in g  c o n tro l o f  a la rg e  en c o m 
p assin g  system . System s also  in te ra c t w ith o n e  a n o th e r  th ro u g h  th e  c o o r
d in a tio n  o f  se m ia u to n o m o u s  co n tro ls , b u t w ith o u t y ie ld ing  to  an  o v e rr id in g  
c o n tro l.  A lth o u g h  it is cu s to m ary  to  d e f in e  system s as tech n ica l, econom ic, 
political, o r  social, th e  cen tra liz a tio n  o f  a t least a loose c o n tro l o v e r system s 
o f  th e se  d if f e r e n t  k in d s m ak es possib le  th e  co n c e p tu a liz a tio n  o f  sociotech- 
nical sy stem s a n d  th e  like.

T h o s e  p a r ts  o f  th e  w orld  th a t a re  n o t sub jec t to  a sy stem ’s co n tro l,  b u t 
th a t  in f lu e n c e  th e  system , a r e  ca lled  th e  e n v iro n m e n t. A sec to r o f  th e  
e n v iro n m e n t  can  be  in c o rp o ra te d  in to  a system  by b r in g in g  it u n d e r  system  
c o n tro l.  A n  o p e n  system  is o n e  th a t is sub jec t lo  in f lu en ces  fro m  th e  e n 
v iro n m e n t;  a c lo sed  system  is its ow n  sw eet b east, a n d  th e  final s ta te  can 
be  p re d ic te d  fro m  th e  initia l co n d itio n  a n d  th e  in te rn a l d y n am ic . Som e 
system s a re  p la n n e d  to  th e ir  fu ll e x te n t, w h ile  o th e rs  g row  by in c re m e n ts  
a n d  by c o n flu e n c e  w ith  o th e r  system s o v e r  tim e . All o f  th e  k in d s a n d  
c o n d itio n s  o f  system s n o te d  in  th is  ab s tra c t d e f in itio n  will be  i l lu s tra te d  a n d  
d e sc r ib e d  in d e ta il in  th e  h is to ry  th a t fo llow s.5

U sually  in  th is s tu d y , “system " re fe rs  to  a tech n ica l system , such  as an 
e lec tric  tra n sm iss io n  system . S o m e tim es  re fe re n c e  is, as n o te d , to  a system  
w ith  in te ra c tin g  c o m p o n e n ts , so m e  o f  w hich  a re  n o t tech n ica l. C en tra lly  
d ire c te d , in te ra c tin g  in s titu tio n s  a n d  tech n ica l c o m p o n e n ts  c o m p rise  such  
a system . O n  o ccasions, h o w ev er, th e  c o n cep t o f  system  is u sed  m u ch  m o re  
loosely. “S y stem ” th e n  m ean s  in te ra c tin g  c o m p o n e n ts  o f  d if f e r e n t  k inds, 
su ch  as th e  tech n ica l a n d  th e  in s titu tio n a l, as well as d if f e r e n t  values; such  
a system  is n e i th e r  c en tra lly  co n tro lle d  n o r  d ire c te d  to w a rd  a c learly  d e f in e d  
goal. T h is  u sag e  is s im ila r to  th a t o f  th e  h is to r ia n  w ho w rites  o f  a system  
o f  n a tio n -s ta te s . S u ch  a loosely s t ru c tu re d  system  is sim ila r to  th e  co n cep t 
em b o d ie d  in  “s y n d ro m e ."  All o f  th e  system s, it is im p o r ta n t  to  stress , sh a re  
th e  c h a ra c te r is tic  o f  in te rc o n n e c te d n e ss— i.e., a c h a n g e  in o n e  co m p o n e n t 
im p ac ts  o n  th e  o th e r  c o m p o n e n ts  o f  th e  system .

s An interesting discussion o f electrical systems and their m anagem ent is found by Georg 
Boll, Entstehung und Entwicklung dts Verbundbetriebs in der deutschen Elektriutatswirtschaf! bis lum 
europaischen Verbund (Frankfort on the Main: VWEW, 1969), pp. 13-15, Articles on inter
connections and electric systems were frequently published in technical periodicals during 
the  latter half o f the period covered by the present study, and many are  cited in the various 
chapters o f  this book. More recent helpful discussions o r  electrical systems include: Hans 
Glavitsch, "C om puter C ontrol o f  Elcctric-Powci Systems," Scientific American, Novem ber 1974, 
pp. 34—14: Wallace Brand, "N ortheast Electric Bulk Power Supply. Public Utilities Fortnightly, 
9 Ju n e  1966, pp. 65-88 ; and U.S., Federal Power Commission, The 1970 National Power Survey, 
pis. 1-4 (W ashington, D.C.: GPO. 197IV
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E lectric  po w er system s o f  th e  techn ical k ind  consist o f  p o w er g e n e ra tio n , 
tra n s fo rm a tio n , co n tro l,  a n d  u tilization  c o m p o n e n ts  a n d  p o w er tran sm is
sion  a n d  d is tr ib u tio n  n e tw orks. (T h e  p rim ary  d is tin c tio n  b e tw een  tra n s 
m ission a n d  d is tr ib u tio n  is th e  g re a te r  d is tan ce  cov e red , a n d  th e re fo re  th e  
h ig h e r  transm ission  voltages u sed , in transm ission .) D u rin g  th e  h a lf-cen tu ry  
188 0 -1 9 3 0 , p o w er g e n e ra tio n  c o m p o n e n ts  in c lu d ed  co u p led  p r im e  m overs 
such  as re c ip ro c a tin g  s team  en g in es  a n d  steam  a n d  w ater tu rb in es . V arious 
types o f  g e n e ra to rs  w ere  co u p le d  to  th e  p r im e  m overs. T ra n s fo rm e rs  l>e- 
cam e th e  p rin c ip a l m o d e  o f  c h a n g in g  th e  ch a rac te ris tics  o f  e lec tric  su p p ly  
d u r in g  tran sm issio n  a n d  d is tr ib u tio n . E nergy  u tilization  co m p o n e n ts  in 
c lu d e d  lam ps, m o to rs , bo th  s ta tio n a ry  a n d  trac tio n  (m oving), a n d  h ea tin g  
an d  e lec tro ch em ica l devices. T h e  system  in c o rp o ra te d  a m u lti tu d e  o f  a p 
p lica tions (see Fig. 1.3). P ow er tran sm issio n  in creased  in e x te n t fro m  a few 
city blocks to  reg io n s  c o m p ris in g  ten s  o f  th o u sa n d s  o f  sq u a re  m iles. Pow er 
d is trib u tio n  ne tw o rk s c a rr ie d  th e  elec tric  su p p ly  from  th e  transm ission  
n e tw o rk  to  th e  p o w er u tiliza tion  m a ch in e ry  a n d  app liances . C o n tro l co m 
p o n e n ts  re g u la te d  th e  su p p ly  system  in acco rd an ce  with estab lish ed  s ta n d 
a rd s  such  as vo ltage a n d  freq u en cy  a n d  d ire c te d  th e  syslem  fo r  o p tim u m  
p e r fo rm a n c e  as m e a su re d  by goals, in c lu d in g  effic iency  a n d  econom y. T h e  
m ost d ifficu lt c h a llen g e  in d e f in in g  an  electric  su p p ly  system  arises at the  
e x tre m e  su p p ly  a n d  d e m a n d  e n d s  o f  th e  syslem . F or in stance , sh o u ld  th e  
m echan ica l p r im e  m o v e r  be in c lu d ed  in th e  d e fin itio n  o f  a system ? S h o u ld  
th e  v arious loads be in c lu d e d , c o n s id e r in g  th a t th ey  w ere usually  o u ts id e  
th e  co n tro l o f  th e  system ? In  th is s tu d y  th e  p r im e  m overs have  been  in 
c lu d ed  in th e  d e fin it io n  o f  th e  syslem  because  th e  in v en to rs , en g in ee rs , 
a n d  in d u s tr ia l scien tists tre a te d  th em  as such  a n d  because th e  c harac te ris tics  
o f  th e  p r im e  m o v e r  w e re  co o rd in a te d  with th e  o th e r  c o m p o n e n ts  o f  th e  
electric  system . F u r th e rm o re ,  th e  p r im e  m overs w ere u n d e r  th e  system 's 
co n tro l. T h e  in v en tio n  a n d  d e v e lo p m e n t o f  m o to rs  have  b een  tre a te d  in 
th is s tu d y  b ecau se  in v e n to rs  a n d  d es ig n e rs  m a tch ed  th e  charac te ris tics  o f  
m o to rs  lo  th o se  o f  th e  e lec tric  su p p ly  system . S uch  com plica tions will be 
c la rified  by h isto rica l ex am p le .

T h e  ra tio n a le  fo r  u n d e r ta k in g  th is s tu d y  o f  e lectric  p o w er system s was 
th e  assum ption  th a t th e  history o f  all large-scale technology— not only pow er 
system s— can be s tu d ie d  effectively  as a h isto ry  o f  system s. It is h o p ed , 
th e re fo re , th a t th is  h is to ry  o f  a p a r tic u la r  k ind  o f  system  will be o f  som e 
assistance to  o th e r  h is to rian s  w ho wish to  s tu d y  o th e r  system s. T h e  as
su m p tio n  o f  sim ila rity  is based  in  p a r t  on  an  analysis o f  stu d ies  o f  la rge  
system s by o th e r  h is to rian s  w ho have u sed  th e  co n cep t o f  th e  system  to 
o rg an ize , analyze, a n d  d raw  conclusions fro m  d isp a ra te  m ateria ls."

" In  ano ther source. I have discussed al some length the use o r the systems approach hy 
Lynn White, J r ., Medieval Technology and Social Change (New York: Oxford University Press,
1962); Karl Marx, Capital: A Critique of Political Economy, cd. Friedrich Engels, 3 vols. (Chicago: 
Kerr, 1932-33); and Alfred D. Chandler, j r . .  The Visible Hand: The Managerial Revolution in 
American Business (Cambridge, Mass.: H arvard University Press, 1977). See Thom as P. Hughes, 
"The O rder of the Technological W orld.” in History of Technology, 1980, ed. A. Rupert Hall 
and Norm an Smith (London: Mansell, I960), pp. 1-16.

Among recent books in which other historians discuss technology as systems are Hugh 
Ailken, Syntony atul Spark: The Origins o f Radio (New York: Wiley. 1976); Edward W. Constant 
II, The Origins of the Turbojet Revolution (Baltimore: T he Johns Hopkins Unversity Press, 1980);
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Figure 1.3. Universal supply system, 
ftrrhn. r. 1910. (mm Matsrhass el al.. 50 

Jahrc. p. 90.

n h t t w o r k s  o f  p o w e r

John  Enos. Petroleum Progress aiul Profits: /\ History of Process Innovation (Cambridge, Mass.: 
M .l.T. Press. 1952); Louis C. H unter, Steamboats on the Western Rivers: An Economic and Tech
nological History (Cambridge, Mass.; H arvard University Press, 1949); idem. Waterpower: A 
History of Industrial Power in the United Stales, 1780-1930  (Charlottesville: University Press of 
Virginia, 1979); A rthur Johnson, The Development of American Petroleum Pipelines: A Study in 
Private Enterprise and Public Policy (Ithaca, N.Y.: Cornell University Press, 1956); David Landes. 
The Unbound Prometheus: Technological Change and Industrial Development in Western Europe from  
1730 to the Present (Cambridge: At the University Press, 1972); O tto Mayr, Feedback Mechanisms 
in the Historical Collections of the National Museum of History and Technology (W ashington, D.C.:
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Key to Figure U .  Translation of terms

GERMAN ENGLISH

Steinkohlen-G tube Hard-coal mine
Braunkohle-Eeld Brown-coal open-fare mine
Kohlenkahn Coal barge
Stadtbahn City railway
Fernkraftwerk Distant power station
G toss raum-G iiterwagen Long-distance coal tiampott
Fernleilung Long-distance transmission lines
BEWAG-Kraftwerk Berlin power station
Abspannwerk Step-down transformer station
Drehstrom Polyfha.se current
Gleichstrom Direct current
Stiitipunkl Distribution renter
Sons lige Hochsponn u ngs ■Almeh mer Special high-voltage consumer
G ross-l.ichtverbra ucli Large-scale light consumer
Gross-Industrie Heavy industry
U ii tergru ndbah ii Subway
Netistation Dispatching center
Transformatoren-Sdule Distribution transformer
Bahn-Umformuierk Molor-generator converter 

(traction load)
Licht-u. Kraft-Umformwerk Motor-generator converter 

(light and power load)
Strassenbahn Streetcar
Eleklr. Transportmittel Electric truck
Kiiche Kitchen appliances
llaushalt Household appliance
Bad Hot water
Schaufenster Display window
Strasse Street lighting
Kleingewerbe Commercial consumer
Handuierk Craftsman

T h e  em p h as is  o n , a n d  d e lin ea tio n  of, technological system s by h is to rians  
a n d  social scien tists; th e  d r iv e  oT in v en to rs , e n g in ee rs , ap p lie rs  o f  science, 
m an ag e rs , a n d  fin an c ie rs  lo  c rea te  system s;7 a n d  (he obvious system atic 
c h a ra c te r  o f  e lec tric  po w er system s have all stim u la ted  th e  o rg an iza tio n  o f  
th is s tu d y  as a h is to ry  o f  system s. H ie  stu d y  is com plex  because it is a

Smithsonian Institution, 1971); Brurc Mazlish, ed.. The Railroad and the Spare Program: An 
Exploration in Historical Analogy (Cambridge. Mass.: M l I. Press, 1965); Kiting Morison. Men. 
Machines, and Modern Times (Cambridge. Mass.: M.I.T. Press, 1966): Natlian Rosenberg, ed., 
The American System of Manufacturers (Edinburgh: Edinburgh University Press, 1969).

T here  arc interesting parallels between (bis study ol'electrical systems and the bistory ol 
growth and technological change in the chemical industry as pcriodi/ed and organized by I..
F. I label in The Chemical Industry. 1900-1930  (Oxford: Clarendon Press. 1971).

’ One such inventor and engineer, Elmer Sperry (1860-1930), devoted a lilriim r to in
venting and developing technological systems. I lis systems were mostly electromechanical in 
nature and involved highly complex Iced back controls. T he study of hundreds of his patents 
for these systems has influenced my own concepts o f technological systems. See Thomas P. 
Hughes. Elmer Sperry, Inventor and Engineer (llaltimore: T he Johns Hopkins Press, 1971).



FIGURE 1.4. GROWTH OF A.V ELECTRIC U G III  AXD POWER SYSTEM  /.V FEXXSYLVAX/A FROM PP&l. HISTORY. I



Transmission systems served by Pennsylvania Power IĆ Light. 1910







N ir i 'W O I tK S  OK P O W E R

c o m p ara tiv e  o n e  involv ing  d ev e lo p m e n ts  in th re e  d if fe re n t c o u n tr ie s  ov e r 
a p e r io d  o f  filly  years. The p ro b le m  o f  o rg a n iz a tio n  was fu r th e r  co m p li
ca ted  by th e  necessity  o f  se lec ting  re p re se n ta tiv e  p o w er system s fro m  d if 
fe ren t reg io n s fo r d if fe re n t p h ases  o f  th e  h is to ry . T h e re  w ere th o u sa n d s  
o f  in d e p e n d e n t u tility  sy stem s to  ch o o se  fro m . A n e x p la n a tio n  o f  each  
selection  will be g iven  in th e  body  o f  th e  tex t: b e re  th e  o vera ll s tru c tu re  of 
th e  h is to ry  will be o u tlin e d .

A lth o u g h  th e  e lec tric  p o w er system s d esc r ib ed  h e re in  w ere  in tro d u c e d  
in d if fe re n t places a n d  re a c h e d  th e ir  p la teau s  o f  d e v e lo p m e n t at d iffe re n t 
tim es, th ey  a re  re la te d  lo  o n e  a n o th e r  by th e  o vera ll m o d e l o f  system  
e v o lu tio n  th a t s t ru c tu re s  th is s tu d y  a t th e  m ost g e n e ra l level. T h e  m odel 
h as p h ases , a n d  d o m in a n t c h a rac te r is tic s  a re  sh o w n  to  e m e rg e  d u r in g  each; 
in a d d itio n , th e  m o d e l id en tifie s  th e  p a r tic u la r  cap ab ilities  a n d  in te re s ts  ol 
th e  p ro fe ss io n a ls  w ho p re s id e d  o v e r  system  g ro w th  in each  o f  th e  phases. 
In  th e  first p h ase , th e  in v en tio n  a n d  d e v e lo p m e n t o f  a system  a re  co n s id 
e re d . The p ro fe ss io n a ls  p lay in g  a p re d o m in a n t  ro le  d u r in g  th is  p h ase  a re  
in v e n to r -e n tre p re n e u rs ,  w ho d if fe r  f ro m  o rd in a ry  in v e n to rs  in lh a l the  
fo rm e r p reside  over a process which ex ten d s from  th e  inventive idea th ro u g h  
d e v e lo p m e n t to  th e  tim e  w h en  th e  in v e n te d  system  is re a d y  to  be used . 
E n g in e e rs , m a n a g e rs , a n d  f in an c ie rs  a lso  a re  invo lved  in th is  firs t stage, 
b u t th ey  d o  n o t p re s id e  o v e r th e  sy stem ’s g ro w th  u n til la te r  p h ases .

T h e  seco n d  p h a se  o f  th e  m odel d irec ts  a t te n tio n  to  th e  p ro cess  o f  te c h 
no logy  tr a n s f e r  f ro m  o n e  reg io n  a n d  society  to  a n o th e r .  T h e  t ra n s fe r  of 
th e  E d ison  e lec tric  system  fro m  N ew  Y ork  C ity to  B erlin  a n d  L o n d o n  is a 
case in  p o in t.  T h e  sites a re  specific , b u t g e n e ra l o b se rv a tio n s  a b o u t the  
t ra n s fe r  p ro cess  can  be m ad e . D u rin g  th is p h a se  th e  ag e n ts  o f  c h a n g e  a re  
n u m e ro u s ; th ey  in c lu d e  in v en to rs , e n tr e p re n e u r s ,  o rg a n iz e rs  o f  e n te r 
prises , a n d  fin an c ie rs .

T h e  e ssen tia l ch a ra c te r is tic  o f  th e  th ird  p h a se  o f  th e  m o d e l is system  
g ro w th . As n o te d  e a r lie r ,  th e  h is to rian  is re sp o n s ib le  fo r  a n a ly z in g  g ro w th , 
a n d  a n a ly z in g  th e  g ro w th  o f  system s is a p a r tic u la r ly  in te re s tin g  a n d  d ifficu lt 
ch a llen g e . T h e  m e th o d  o f  g ro w th  analysis u sed  in th is  s tu d y  involves reverse  
sa lien ts  a n d  critica l p ro b lem s. B ecause  th e  s tu d y  u n it is a system , th e  h is
to r ia n  fin d s rev e rse  sa lien ts  a r is in g  in  th e  d y n am ics  o f  th e  system  d u r in g  
th e  u n e v e n  g ro w th  o f  its c o m p o n e n ts  a n d  h e n c e  o f  th e  ov era ll ne tw o rk . 
In  lab e lin g  su ch  a re a s  o f  im ba lan ce  “ rev e rse  sa lien ts ,"  tb e  a u th o r  has b o r 
row ed  fro m  m ilita ry  h is to rian s , w ho  d e lin e a te  th o se  sec tio n s o f  an  a d 
van c in g  line, o r  f ro n t, th a t have  fa llen  back  as “ rev e rse  sa lien ts ."  T h e  m e t
a p h o r  is a p p ro p r ia te  b ecau se  an  a d v a n c in g  m ilita ry  f ro n t ex h ib its  m any  o f 
th e  ir re g u la r it ie s  a n d  u n p re d ic ta b le  qu a litie s  o f  an  ev o lv ing  techno log ica l 
system . In  th e  case o f  a tech n o lo g ica l sy stem , in v en to rs , e n g in e e rs , a n d  
o th e r  p ro fe ss io n a ls  d e d ic a te  th e ir  c rea tiv e  a n d  co n s tru c tiv e  p o w ers  lo  c o r
re c tin g  rev e rse  sa lien ts  so th a t th e  system  can  fu n c tio n  o p tim a lly  a n d  fulfill 
system  goals.

H av in g  id en tif ie d  th e  re v e rse  sa lien ts , th e  system  te n d e rs  can  th e n  a n a 
lyze th e m  as a se ries  o f  critical p ro b lem s. D e fin in g  rev e rse  sa lien ts  as critical 
p ro b le m s is th e  essence  o f  th e  c rea tiv e  p rocess. A n in v e n to r  o r  a p p lie r  o f  
science tra n s fo rm s  an  a m o rp h o u s  c h a llen g e— th e  b a ck w ard n ess  o f  a sys
te m — in to  a set o f  p ro b le m s th a t a re  believed  to  be  solvable. E n g in e e rs  in 
p a r tic u la r  a re  know n  lo r  th e ir  ability  to  d e f in e  so lvable  p ro b lem s. T h e
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in v en to r 's  o r  e n g in e e r 's  co n fid e n c e  th a t th e  rev e rse  salien t can  be co rrec ted  
increases d ram a tica lly  o n ce  th e  p ro b lem s a re  d e f in e d , because  th e  a r tic u 
la tion  o f  a p ro b lem  o fte n  im plies its so lu tion .

W hen  e n g in e e rs  c o rre c t rev e rse  sa lien ts  by so lv ing  critical p ro b lem s, th e  
system  usually  g row s i f  th e re  is a d e q u a te  d e m a n d  fo r  its p ro d u c t. O n  
occasion , h ow ever, a critical p ro b lem  can n o t be so lved . F o r in stance , th e  
first o f  th e  m a jo r  types o f  e lec tric  system s, d ire c t c u r re n t,  h ad  a rev erse  
sa lien t in th a t it was uneco n o m ica l to  tran sm it.  D espite  p rec ise  d efin itio n s  
o f  th e  p ro b lem , th e  d ire c t-c u r re n t in v en to rs  a n d  en g in e e rs  co u ld  n o t in 
th e  1880s f ind  a so lu tio n . As a resu lt, o th e r  in v en to rs  fo u n d  a so lu tion  
o u ts id e  th e  d .c. system , a n d  fo r  a tim e  th e  tw o system s w ere  in conflic t. 
A fte r  a c o m p ro m ise  was w o rk ed  o u t, th e  two system s ex isted  in a c o m p le 
m e n ta ry  way un til th e  n e w e r  system  becam e th e  d o m in a n t o ne . T h u s , this 
s tu d y  o ffe rs  an  ex p la n a tio n  n o t on ly  o f  th e  ev o lu tio n  o f  system s as reverse  
sa lien ts  a r e  id en tif ied  a n d  so lved , b u t a lso o f  th e  occasional em e rg e n c e  o f 
new  system s o u t o f  th e  fa ilu re  to  solve critical p ro b lem s in th e  c o n tex t o f 
th e  o ld .

As a system  grow s, it a cq u ire s  m o m e n tu m . T h e  fo u r th  p h ase  o f  th e  system  
m odel is ch a ra c te r iz e d  by su b s tan tia l m o m e n tu m . A system  w ith substan tia l 
m o m e n tu m  has m ass, velocity, a n d  d irec tio n . In  th e  case o f  technological 
system s, as d e f in e d  in  th is s tu d y , th e  m ass consists o f  m ach ines, devices, 
s tru c tu re s , a n d  o th e r  physical a rtifac ts  in w hich  c o n s id e rab le  cap ita l has 
b een  invested . T h e  m o m e n tu m  also arises  fro m  th e  inv o lv em en t o f  p ersons 
w hose p ro fe ssio n a l skills a re  p a r ticu la r ly  ap p licab le  to  th e  system . B usiness 
co n ce rn s, g o v e rn m e n t agenc ies , p ro fe ssio n a l societies, ed u ca tio n a l insti
tu tio n s , a n d  o th e r  o rg a n iz a tio n s  th a t sh a p e  a n d  a re  sh a p e d  by th e  technical 
c o re  o f  th e  system  also a d d  to  th e  m o m e n tu m . T a k e n  to g e th e r , th e  o rg a n 
izations invo lved  in th e  system  can  be sp o k en  o f  as th e  system 's c u ltu re . A 
system  with such  m ass usually  has a p e rcep tib le  ra te  o f  g ro w th  o r  velocity. 
O fte n  th e  ra te  acce le ra tes . A system  usually  has a d irec tio n , o r  goals. T h e  
d e fin itio n  o f  goals is m o re  im p o r ta n t fo r  a y o u n g  system  th a n  fo r an  old 
o n e , in w hich m o m e n tu m  p ro v id es  an  in e r tia  o f  d ire c te d  m o tion .

In  th e  case o f  e lec tric  p o w er system s, th e  in stitu tio n s th a t p re s id ed  ov e r 
an d  w ere  in f lu en ced  by th em  m ost d irec tly  w ere th e  utilities, bo th  public 
an d  p riv a te . F rom  ab o u t 1890 u n til W orld  W ar I, th e  m a jo r e lectric  pow er 
u tilities in  th e  U n ited  S lates, G e rm an y , a n d  E n g lan d  co n c e n tra te d  on  s u p 
p ly ing  th e  m ost heavily  p o p u la te d  a n d  industria liz ed  u rb a n  cen te rs . T h e  
dec isions m ad e  by th e  u tilities ' m an ag e rs  d u r in g  th is p e rio d  sh ap ed  th e  
c h a ra c te r  o f  th e  system s m o re  obviously th an  d id  th e  decisions o f  in v en to rs  
a n d  en g in ee rs , w hose so lu tions to  critical p ro b lem s o f  a techn ical k ind  had  
clea red  th e  way fo r  g ro w th  th ro u g h  th e  c rea tio n  o f  a un iversal system  o f  
supp ly . W ith  in c reas in g  freq u en cy  d u r in g  th e  two d ecad es b e fo re  th e  G rea t 
W ar, th e  u tilities fo u n d  them selves c o n fro n tin g  o th e r  in stitu tio n a l c o n 
te n d e rs  fo r  au th o rity  o v e r econom ic  d ev e lo p m en t a n d  social change . T h e  
tension  b e tw een  th e  u tilities a n d  political in s titu tions such  as local g o v e rn 
m en ts  was h igh  d u r in g  th is ph ase  o f  system s d ev e lo p m en t. In  th is in stance, 
how ever, a modus vivendi, if  n o t a lasting  a rra n g e m e n t, was fo u n d  by th e  
co n te n d in g  pow ers. T h re e  c h a p te rs  in th is study  have th u s  been  dev o ted  
to  an  ex am in a tio n  o f  th e  evo lu tion  o f  th e  electric  po w er system s in th re e  
m a jo r cities; B erlin , C hicago , a n d  L ondon .
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E l e c t r i c i t y  S u p p l y  in  G r e a t  C i t i e s .

R e f e r e n c e .

-^CHICAGO ■— -  --- -

Figure 1J . Central station in London, Berlin. Paris, and Chicago, c. 1920. From the County of London Electric Supply Co., Ltd., Public Inquiry 
. .  . j  i— -l  - •-! r- r ™ n .n i™  wjth Application for Consent for the Erection of a Power Station at Barking.Held by the Electricity Commissioners in Connecti 
Courtesy of NESCO, Newcastle upon Tyne. England.

D espite  th e  m o m e n tu m  o f  system s a n d  th e  in e rtia  o f  m o tio n , h ow ever, 
c o n tin g en c ie s  p u sh  system s in new  d irec tio n s . T o  d e m o n s tra te  th is  p h e 
n o m e n o n , th is s tu d y  e x p lo re s  th e  im pact o f  W orld  W ar I o n  e lec tric  p o w er 
system s. T h e  en g in e e rs  a n d  m a n a g e rs  w ho p re s id e d  o v e r  th e se  system s 
w ere p e rsu a d e d  by political a n d  m ilita ry  le ad e rs  a n d  by p ub lic  p re s su re  to  
a tte n u a te  th e ir  cu sto m ary  d r iv e  fo r a u to n o m o u s  g ro w th  a n d  p ro f it  a n d  to  
em p h asize  th e  c o o p e ra tiv e  p ro d u c tio n  o f  en e rg y . A ssig n in g  e n e rg y  p ro 
d u c tio n  a h ig h e r  p rio rity  th a n  e ith e r  p ro f it  o r  o rg a n iz a tio n a l au to n o m y  led 
to  new  m a n ag e ria l a n d  e n g in e e r in g  policies fo r  th e  d u ra tio n ,  a n d  so m e  o f  
th ese  su rv ived  th e  w ar. T h e  essen tia l p o in t, h ow ever, is n o t th e  p a r tic u la r
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in stance  o f  w ar as a co n tin g en t a n d  sh a p in g  fo rce; ra th e r , it is th e  possibility  
o f  ex te rn a l forces re d ire c tin g  h ig h -in o m e n tu m  system s.

T h e  last p h ase  o f  system  h is to ry  d e lin e a te d  by th is stu d y  is ch arae te ri/.ed  
by a q u a lita tiv e  c h an g e  in th e  n a tu re  o f  th e  rev e rse  salien ts an ti by th e  rise 
o f  fin an c ie rs  a n d  co n su ltin g  en g in e e rs  to  p re e m in e n c e  as p ro b lem  solvers. 
M an ag e rs  p layed  th e  lead in g  ro le  d u r in g  th e  p hase  ch a ra t te r i /e d  by an  
in crease  in m o m e n tu m . In  th e  n ew er phase , w hich involved  p la n n e d  an d  
evo lv ing  reg io n a l system s, m a jo r reverse  salien ts becam e essentially  p ro b 
lem s o f  fu n d in g  ex trem e ly  la rg e  reg iona l system s an d  c lea rin g  political a n d  
leg isla tive g ro u n d . F in an c ie rs  an d  associated  co n su ltin g  en g in e e rs  re 
sp o n d e d  effectively  to  p ro b lem s o f  th is k ind  an d  scale. The ph ase  was also 
ch a ra c te r iz e d  by an  in c reased  capab ility  on  th e  p a rt o f  e n g in e e rs  a n d  m a n 
ag e rs , especially  co n su ltin g  e n g in e e rs  a n d  m a n ag e rs , to  p lan  new system s 
a n d  th e  g ro w th  o f  o ld  ones. In  so m e  cases p la n n e d  system s w ere f inanced  
by g o v e rn m e n t agency  e n tr e p re n e u r s  d ra w in g  on  pub lic  fu n d s.

T h is  loosely s tru c tu re d  m o d el has been  used  to  b r in g  o rd e r  a n d  c o m 
p reh en sib ility  to  th e  m yriad  even ts  in th e  h istory  o f  electric  p o w er system s. 
In  fact, u tility  system s d id  n o t evolve a c co rd in g  to  o n e  strict p a tte rn . C h a p 
te r  X IV , which d escrib es  th e  d if fe re n t styles o f  th re e  m a tu re  reg iona l sys
tem s, d e m o n s tra te s  varia tions. All th re e  h ad  th e  sam e pool o f  techno logy  
to  d raw  fro m , b u t because  th e  g eo g rap h ica l, cu ltu ra l, m an ag e ria l, e n g i
n e e r in g , a n d  e n tr e p re n e u r ia l  c h a ra c te r  o f  th e  th re e  reg ions d iffe re d , the  
p o w er system s w ere  a p p ro p r ia te ly  v aried  as well (see Fig. 1.5). T h e  concept 
o f  style suggests  th a t th e re  was— a n d  p robab ly  is— no  o ne  best way o f  
su p p ly in g  e lectric ity . E m b o d ied  in th e  d iffe re n t po w er system s o f  th e  w orld 
is a com p lex  va ria tio n  on  m a jo r  th em es  th a t keeps th e  te chno logy  from  
b eco m in g  h o m o g e n e o u s  a n d  du ll a n d  th a t p rov ides  th e  h is to rian  with the 
c h a llen g in g  task  o f  d e sc rip tio n  a n d  in te rp re ta tio n .
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Edison the Hedgehog: 
Invention and 
Development

Qu o t in g  th e  G re e k  p o e l A rch ilo ch u s , Isa iah  B e rlin  w ro te  in  The 
Hedgehog and  the Fox: “T h e  fox  know s m an y  th in g s , b u t th e  h e d g e h o g  

know s o n e  b ig  th in g .” H e d g e h o g s , a c c o rd in g  lo  B e rlin , a r e  th o se  w ho 
r e la te  ev e ry th in g  to  a s ing le  ce n tra l  v ision, o n e  system  less o r  m o re  c o h e re n t 
o r  a r tic u la te .” F oxes, in c o n tra s t,  p u rs u e  m an y  e n d s , e n d s  th a t a re  “o ften  
u n re la te d  a n d  even  c o n tra d ic to ry .” B e rlin  c o u n te d  D a n te , P lato , L u cre tiu s , 
Pascal, H eg el, D ostoyevsky, N ie tzsche , Ib se n , a n d  P ro u s t a m o n g  th e  
h e d g e h o g s .1 T h o m a s  E d iso n ’s n a m e  sh o u ld  be a d d e d  to  th e  list.2

E d ison  in v en ted  system s, in c lu d in g  an  e lec tric  lig h t sy stem  th a t to o k  fo rm  
as th e  P earl S tree t g e n e ra tin g  s ta tio n  a n d  d is tr ib u tio n  n e tw o rk  o f  th e  Edison  
E lectric  I l lu m in a tin g  C o m p a n y  o f  N ew  Y ork , now  k n o w n  as th e  C o nso li
d a te d  E d ison  C o m p an y . E d ison  fo cu sed  o n  o n e  level o f  th e  p ro cess  o f  
tech n o lo g ica l c h a n g e — in v e n tio n — b u t in  o r d e r  to  re la te  e v e ry th in g  to  a 
sing le , c e n tra l  vision, h e  h a d  lo  reach  o u t b e y o n d  h is spec ia l co m p e te n c e  
lo  re sea rch , d e v e lo p , fin an ce , a n d  m a n a g e  h is in v en tio n s . B ecause  o f  this 
o rg a n iz a tio n a l, sy s tem -b u ild in g  d r iv e , he  is k n o w n  as a n  in v e n to r-e n tre -  
p r e n e u r .3

Edison  was a holistic  c o n c e p tu a liz e r  a n d  d e te rm in e d  so lv e r o f  th e  p ro b 
lem s assoc ia ted  w ith  th e  g ro w th  o f  system s. T h e  h is to ry  o f  E d iso n  system  
b u ild in g , th e re fo re ,  is a lso a h is to ry  o f  ideas a n d  a s tu d y  o f  p ro b le m  so lving. 
E d ison 's co n cep ts  g rew  o u t o f  his n e e d  to  fin d  o rg a n iz in g  p r in c ip le s  th a t 
w ere p o w erfu l e n o u g h  to  in te g ra te  a n d  give p u rp o se fu l d ire c tio n  to  d iverse  
fac to rs  a n d  c o m p o n e n ts . T h e  p ro b lem s e m e rg e d  as he s tro v e  to  fu lfill his 
u ltim a te  vision.

As an  in v e n to r -e n tre p re n e u r ,  E d ison  p re s id e d  o v e r  th e  p rocess  o f  tech 
nological ch a n g e  Trom p ro b lem  id en tific a tio n  to  in n o v a tio n  a n d  tech n o lo g y  
tra n s fe r . C rea tiv e  fu lfillm en t, how ever, ca in e  to  h im  m ostly  fro m  th e  in 

1 Isaiah Merlin, Tht Hedgehog nnd the Fox: An Essay on Toll toy's View of History (New York: 
Simon i t  Schuster, 1953), p. 1.

* Paris o f lliis chapter are drawn from Thomas P. Hughes, "T he Electrification o f America: 
T he System Builders," Technology nnd Culture 20 (1970): 124-61

’ For a discussion o f the concept o f an e n trep reneu r as one who presides over invention, 
developm ent, and innovation, sec T hom as P. Hughes. Elmer Sperry. Inventor nnd Engineer 
(Baltimore: T he Johns Hopkins Press. 1971). pp. 63-70, 241, 200-95.
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ventive act, not fro m  th e  o th e r  phases  o f  techno log ica l d ev e lo p m en t. 1 le 
c o u n te d  his p a te n ts  m o re  th a n  his m oney , at least un til his Liter years, w hen 
he  b egan  to  look to  in d u stria lis ts  like H en ry  F o rd  as sta tu s  m odels. Edison 
flo u rish ed  as an  in v e n io r -e n tre p re n e u r  in th e  late 1870s an d  early  e igh ties, 
th e  p e rio d  w hen he was p re s id in g  ov e r th e  in v en tio n  a n d  in tro d u c tio n  ol 
his system  o f  e lec tric  ligh ting . H is h istorical pee rs  w ere o th e r  inven io r- 
e n tr e p re n e u r s ,  such  m en  as R obert F u lton , S am uel M orse, a n d  C yrus H all 
M cC orm ick , w ho, like h im se lf, d id  n o t rest un til co m p an ie s  (usually  those 
they  estab lish ed ) w ere m a n u fa c tu r in g  th e ir  inven tions. Edison  fo rm ed  a 
n u m b e r  o f  c o m p an ie s  to  o rg an ize  his in v en tio n  a n d  th e  in tro d u c tio n  ol 
th e  l ig h tin g  system : a c o m p an y  fo r resea rch  a n d  d ev e lo p m en t, o th e rs  lot 
m a n u fa c tu r in g  c o m p o n e n ts , a n d  a n o th e r  to  p re s id e  o v e r th e  o p e ra tio n  ol 
th e  system . In  each  case, he  allied  h im se lf w ith m en  w hose in te re sts  an d  
capab ilities co m p le m e n te d  his ow n. P ersons w ith legal a n d  financial e x 
p e rien ce , lo r  in stan ce , c o m p e n sa te d  fo r his lack o f  ex p e rie n c e  an d  special 
a p iilu d e  fo r th e  com p lex itie s  o f  o rg an iza tio n  an d  financ ing . D espite  th e ir  
p re sen ce , h ow ever, it was E d ison , as in v e n to r -e n lrc p re n e u r ,  w ho pulled  
m ost o f  th e  s trin g s  o f  th e  co m p lex  system . L a te r in th e  h is to ry  o f  e lectric  
lig h tin g  a n d  p o w er system s, o th e r  e n tr e p re n e u r s — m a n a g e r -e n tre p re n e iirs  
a n d  f in a n c ie r -e n ire p re n e u rs — took c e n te r  stage  because th e  m ost d ifficu lt 
p ro b lem s b lo ck in g  th e  g ro w th  o f  th e  system  becam e m an ag e ria l a n d  fi
n ancial. In v e n to rs  a n d  e n g in e e rs  still h ad  ro les to  play in th e  h istory  o f  the  
evolv ing  ligh t a n d  p o w er system s, b u t th e  in v e n to r -e n tre p re n e u rs  m oved 
on  to  o th e r  new ly e m e rg in g  fie lds o f  technology .

E d ison 's g en iu s  lay in bis ability  to  d irec t a p rocess involv ing  p rob lem  
id en tifica tio n , so lu tio n  as idea, re sea rch  a n d  d ev e lo p m en t, an d  in tro d u c tio n  
in to  use. T h e se  p h ases  o f  c h a n g e  n eed  to  be d e f in e d , bu t because the 
process  was, a n d  is, so co m p lex , a n d  because  th e re  a re  so m any varia tions 
on  th e  c e n tra l th e m e , an  e n co m p assin g , g en e ra l d e fin itio n  will suffice  here . 
In  p ro b lem  id en tifica tio n , an  in v e n to r  perceives a situ a tio n  tha t can be 
d e f in e d  as a p ro b lem . T h e  ability  to  d e f in e  th e  situ a tio n  as a p ro b lem  im plies 
th a t a so lu tio n  is likely to  be fo u n d . E x p e rien ced  in v en to rs  recogn ize  that 
m any  s itu a tio n s  can n o t be d e f in e d  as p ro b lem s, because th e  s ta te  o f  the  
techno logy , availability  o f  fu n d in g , o r  som e o th e r  fac to r is not favorable. 
Id ea  re sp o n se  is th e  in v e n to r ’s e f fo r t— active an d  passive (subconscious 
p e rh a p s )— to fo rm u la te  con cep ts  th a t will solve in his im ag in a tio n  his d e f 
in ition  o f  th e  p ro b lem . A n im ag in a ry  device is fu n c tio n in g  in an  im ag inary  
e n v iro n m e n t. U sually  th e  in v e n to r  g a th e rs  in fo rm a tio n  as he p u rsu e s— o r 
even  aw aits— ideas. T h e  idea  re sp o n se  will becom e an  in ven tion  a f te r  the  
idea has b een  given  fo rm . T h e  inventive co n cep ts  o f  Edison  a n d  o th e r  
in v en to rs  a re  o f te n , p e rh a p s  usually , visual ra th e r  th an  verbal o r  m a th e 
m atical. F o r th is rea so n , th e  first ex p re ssio n  o f  an  idea o f ten  a p p e a rs  as a 
d raw in g  in a n o teb o o k  o r  011 a sc rap  o f  p a p e r . S u bsequen tly  th e  idea is 
given fo rm  as a m echan ica l a n d  electrical dev ice o r  as a chem ical process. 
T h is  inv en tio n  is th e n  b ro u g h t by resea rch  a n d  d ev e lo p m en t to th e  stage 
at w hich it can  be in tro d u c e d  to  th e  m ark e t. R esearch  is an  in fo rm atio n - 
g a th e r in g  exerc ise  a n d  can  be d o n e  by li te ra tu re  search  o r  by scientific 
e x p e rim e n ta tio n . D evelopm en t, an  im p o rta n t p a r t o f  th e  innova tion  p ro c 
ess, o f ten  involves th e  red e fin itio n  o f lh e  p ro b lem , new ideas, a n d  research  
as th e  in v en tio n  is tr ied  in e n v iro n m e n ts  th a t a rc  increasing ly  like th e  real-



N E T TW O R K S O F  P O W E R

use e n v iro n m e n t w ith in  w hich  th e  in n o v a tio n  m u s t fu n c tio n . T h e  in ven tion  
is no  lo n g e r  an  im ag in a ry  d ev ice  fu n c tio n in g  in th e  in v e n to r ’s m in d . I t  is 
im p o r ta n t to  a d d  th a t th e  in n o v a tio n  p rocess  is n o t s tra ig h tfo rw a rd ; it 
involves b a c k tra c k in g  to  id en tify  new  su b p ro b le m s, elicit a d d itio n a l ideas, 
a n d  m ak e  new  su b in v e n tio n s .4

T h e  id en tif ic a tio n  o f  a p ro b le m  by e x p e r ie n c e d  in v e n to r -e n tre p re n e u rs  
like E d iso n  usually  invo lved  b r id g in g  th e  g a p  be tw een  re so u rces  a n d  d e 
m a n d . T h e  p ro fe ss io n a l id e n tif ie d  a d e m a n d , e i th e r  ex is tin g  o r  po ten tia l, 
a n d  th e  ava ilab le  re so u rc e s  th a t  m ig h t fill it. T h e  re so u rc e s  in c lu d ed  avail
ab le  e n d o w m e n ts  su ch  as e x is tin g  tech n o lo g y , cap ita l, lab o r, a n d  lan d  (n a t
u ra l re so u rces). H av in g  id e n tif ie d  th e  p ro b le m  o f  u s in g  th e  re so u rces  to  
m ee t th e  d e m a n d , th e  in v e n to r  th e n  c re a te d  th e  te c h n o lo g y , o r  th e  idea 
fo r  th e  te ch n o lo g y , th a t  w o u ld  m ak e  th e  re so u rc e s  u sab le  in filling  th e  
d e m a n d .  A n  e x c e lle n t in v e n tio n  u sed  th e  ava ilab le  re so u rc e s  e ffic ien tly  a n d  
eco n o m ica lly  to  re s p o n d  to  th e  d e m a n d  p rec ise ly . T h e  le ss -th an -ex ce llen t 
in v en tio n  n e e d e d  to  be  re f in e d  to  m ee t th e  d e m a n d . N o t ev ery  in v en tio n  
was a re sp o n se  lo  a d e m a n d , ac tu a l o r  a n tic ip a te d ,  h o w ev e r; m an y  th a t 
w e re  n o t d e m a n d  o r ie n te d  w ere  in g e n io u s  u tiliz a tio n s o f  ava ilab le  r e 
so u rc e s , in c lu d in g  ex is tin g  tech n o lo g y . T h e  re sp o n se  to  av a ilab le  e n d o w 
m e n ts , e spec ia lly  te ch n o lo g ica l o n es , is so m e tim e s  id e n tif ie d  as “ te c h n o lo g 
ical p u s h ” in  c o n tra s t  to  “m a rk e t p u ll .” E d iso n , like so  m an y  p ro fe ss io n a l 
in v e n to rs , a c te d  in re sp o n se  to  a c o m b in a tio n  o f  th e  tw o .5

E d iso n  p r e f e r r e d  to  in v e n t system s r a th e r  th a n  c o m p o n e n ts  o f  o th e r  
p e r s o n s ’ system s. D u r in g  h is lo n g  c a re e r  as a p ro fe s s io n a l in v e n to r -e n tre -  
p r e n e u r ,  h e  tu r n e d  to  th e  in v e n tio n  o f  system s lo  su c h  a n  e x te n t  th a t 
p re f e r e n c e  fo r  system s can  be id e n tif ie d  as a s a lie n t c h a ra c te r is tic  o f  his 
a p p ro a c h .  T h e  h is to ry  o f  sev e ra l o f  h is m a jo r  in v e n tio n s— th e  q u a d ru p le x  
te le g ra p h ,  th e  te le p h o n e ,  th e  in c a n d e sc e n t e lec tric  lig h tin g  system , m ag- 
n e lic -o re  s e p a ra tio n ,  P o r tla n d  c e m e n t, a n d  th e  s to ra g e  b a t te ry — illu s tra te s  
th e  sp e c tru m  o f  h is m e th o d s .1’ S o m e  o f  th e se  v e n tu re s  w e re  successfu l,

* T hese  rlefinitions a re  developed fu rth er with illustrative exam ples in T hom as P. H ughes, 
" Inventors: T h e  Problem s T hey  Choose, the Ideas T hey  Have, and  the Inventions T hey 
Make." in Technological Innovation: A Critical Review o f Current Knowledge, ed. P. Kelly and M. 
K ranzbcrg (San Francisco, Calif.: San Francisco Press, 1978), pp. 168-82.

'T h e  literature  on the  n a tu re  of invention is volum inous, anti m uch o f  it is w ritten by 
economic historians, sociologists, and historians o f technology. A m ong the most useful books 
arc Jacob  Schm ookler, Invention and Economic Growth (Cam bridge. Mass.: H arvard  University 
Press, 1966); S. C. G ilfillan. The Sociology of Invention (C am bridge. Mass.: M .l.T . Press. 1970); 
and the revised edition ol Abbott P. U sher. A History of Mechanical Invention (Cam bridge, 
Mass.: H arvard  U niversity Press. 19,'i'l). An annotated  listing o f many articles and  books on 
innovation (and invention) can be found in S. II. C utclilfe. |. A. Mislichelli, and C. M. Roysden. 
Technology and Values in American Cwilnation (Detroit, Mich.: Calc Research Co., 1980).

"E d iso n ’s inventive activities are  described in detail in many b iographies, the  quality of 
which varies greatly. The most recent are  R o Ik ti Conol. A Streak of Luck (New York: Seuview 
Hooks, 1979); Ronald W. Clark, Edison: The M an Who Made the Future (New York: Putnam , 
1977); and M atthew Joscphson . Edison (New York: M cGraw-Hill. |9.’»9). The most thorough  
on technical m atters and  adulatory  in tone  are  Frank L. Dyer and  T hom as C. M artin. Edison: 
His Life and Inventions. 2 veils. (New York: H arp er Sc Bros., 1910); and  the  1929 edition or 
tha t work, which was w ritten in collaboration with William I I. M cadow crofl and  also published 
by H arp e r Sc Bros. T h e  most intim ate study o f  the inven tor is the account by Francis Jehl, 
Menlo Park Reminiscences. 3 vols. (D earborn . M idi.: Edison Institute. 1937-111 Wvn Wach-
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som e w ere no t. K dison 's m elh o tl was nor alwavs I lie- sam e: i( varied  will 
tim e  a n d  acco rd in g  10 I he p ro b lem , as o n e  w ould  e x p e d  I m m  a p ro le s  
s ional. The liislo ry  o f  bis e lec tric  lig h ting  system , how ever, reveals tlu 
essen tia l cha rac te ris tic s  o f  his system s a p p ro a c h .7

K dison is m ost w idely know n fo r his in v en tio n  ol th e  in can d escen t lam p  
but it was on ly  o n e  c o m p o n e n t in his e lec iric  ligh ting  svstem  a n d  was n< 
m o re  critical to  its effec tive  fu n c tio n in g  th an  th e  Kdison J u m b o  g e n e ra ln i 
th e  K dison m ain  a n d  feed e r, o r  th e  p ara llc l-d is irib u tin n  system . O ih e i 
in v en to rs  w ith g e n e ra to rs  a n d  in can d escen t lam ps a n d  co m p a ra b le  in g e 
n u ity  have b een  fo rg o tte n  because  they  d id  not carry  th e  p rocess f im h c i 
a n d  in tro d u c e  a system  o f  lig h tin g .8

W hy d id  Kdison so o f ten  choose  to  w ork on  system s? II th e  inveum i 
c re a te d  only  a co m p o n e n t, he  re m a in e d  d e p e n d e n t on  o th e rs  to  invent 01 
su p p ly  o th e r  co m p o n e n ts . T h e  in v e n to r  o f  c o m p o n e n ts  cou ld  not have tlx 
c o n tro l ov e r in n o v a tio n  th a t K dison w an ted . An ap t ex am p le  o f  a n  inven to i 
o f  c o m p o n e n ts , b u t not system s, is Jo se p h  Swan ( I8 2 H -I9 M ),  th e  b titis li 
in v e n to r  o f  th e  in can d escen t lam p . Sw an 's lam ps w ere in c o rp o ra te d  with 
c o m p o n e n ts  in v en ted  by o th e rs  in to  a system , but in p riv a te  conversa tion  
Sw an ack n o w led g ed  th e  su p e rio r ity  o f  Kdison 's system .'' Swan can n o t ( mil-

horsi's Thomas Alva Edison: An American Myth (Cambridge. Mass.: M l .I  . Pi css. I9HII irl.iu -
Edison the cultural hero lo American values. See also the exhibit catalogue by Bernard I-.....
and Robert Friedcl. Edison: Lighting a Revolution (Washington. D C.: Smithsonian Institution. 
15)79). For a brief study of Edison, see Thom as P. Hughes. Thomas Edison. Pinfrssinnal Inrcnto, 
(London. IIMSO. 1976).

'B iographies of Edison usually include discourses on the Edison method The < h.iptei 
"Edison's Method in Inventing" in Dyer and Martin's Edison (2: "»96-628) is informed and 
considered, if not critical. G. P. Lathrop ("Talks with Edison." Harper s Sew Monthly Magazine 
80 [1889-90|: 425-35) rehearses the familiar, but adds occasional helpful items as he tries to 
perceive how an inventor invents. M. A. RosanolT ("Edison in Mis Lihoratoi y." Ila ipci\ 
Magazine 165 (1932): 401-17) provides a scientist's appraisal which is not sentimental. Ku li.it d 
H. Scballenberg ("The Alkaline Storage Battery: A Case History ol the Edison Method." 
Synthesis I |I9 7 2 |: 1-13) generalizes about the Edison method from the case ol the alkaline 
battery. II. M. Payntcr o f M.I.T. kindly provided me with a ropv ol Ihs I Illusion L em u r 
"Edison in Retrospect: Experimental Physicist and Systems Engineer." which be delivered at 
the American Society o f Mechanical Engineers' annual meeting in Detroit. Mich on 13 No
vember 1973. I have also found helpful a paper on Edison's method wlurli was presented by 
his son T heodore  to the M.I.T. Club of N orthern New Jersey on 24 January 1969. See also 
Conol. Streak of Luck, pp. 455-72: and Thom as IV Hughes. "Edison's M ethod." in Technology 
at the Turning Point, ed. William B. Pickett (San Francisco. Calif.: San Eiancisio Press. 1977). 
pp. 5-22.

8This analysis o f Edison's method of inventing systems is taken in part Irom Hughes, 
"Edison's M ethod." pp. 5-22.

“ Sce G. P. Losvrey to Edison. 23 O ctober 1881. and G. Batchelor to Edison. I Oitoliei 
1881, Edison Archives. Edison National Historic Site. West O range, N | (lie iea ltri i tied as 
F.A). T he question of priority in (h r invention of the incandesr cut lamp has troubled many 
historians. Among the leading contenders for that priority were Thomas A. Edison and |os( pli 
Swan (ol Newcastle upon Tyne). U nfortunately, some of the controversy has ssvuled arounil 
a nebulous concept of what actually was invented In a recent essay. "Swan's Way: Inveniivr 
Slyle and the Emergence of the Incandescent L im p." George Wise sensible- lo< uses on the 
invention o f the carbon filament and discusses the im|Mittancr ol Edison's systems appro.uh 
to the invention. Wise points out (hat Ellison's estimates ol the cost ol lus system weie gtossly 
in error, hut contributed conceptually lo his invention. I am indebted to Wise loi allowing 
tnc to see his pre-puhliraiion manuscript, scheduled to appra i in IEEE Spa Hum in Apiil 
1982.



p a re  w ith E d ison  as an  in v e n to r -e n lre p re n e u r ,  b u t h is c laim  to  have  in 
v en ted  th e  p rac tica l c a rb o n -f ila m e n l lam p  is c o m p a ra b le  to  E d iso n ’s.

A n o th e r  rea so n  fo r  E d iso n ’s in c lin a tio n  to  in v e n t system s was m o re  su b 
tle: h e  so u g h t th e  s tim u la tio n  fo r  in v en tive  ideas w hich  com es fro m  see ing  
inadequacies in som e com p o n en ts  revealed by im provem en ts  m ad e  in o thers. 
Im b alan ces am o n g  in te ra c tin g  c o m p o n e n ts  p o in te d  u p  th e  n e e d  fo r  a d 
d itio n a l inv en tio n . By th e  lim e  each  system  was read y  fo r  use, th e re fo re , 
it involved  m any  p a ten ts . E d ison , w ho ra re ly  a rtic u la te d  his m e th o d , said 
o f  his in v en tio n  o f  an  e lec tric  lig h tin g  system :

It was not only necessary that the lamps should give light and the dynam os gen
erate curren t, but the lamps must be adapted to the cu rren t o f the dynamos, and 
the dynamos must be constructed to give the character o f c u rren t required by 
the lamps, and likewise all parts o f the system must be constructed with re fe r
ence to all o ther parts, since, in one sense, all the parts form  one machine, and 
the connections between the parts being electrical instead o f mechanical. Like 
any other machine the failure o f one part to cooperate properly with the o ther 
part disorganizes the whole and renders it inoperative for the purpose intended.

The problem  then that I undertook to solve was stated generally, the 
production o f the multifarious apparatus, m ethods and devices, each adapted for 
use with every other, and all form ing a com prehensive system .10 

T h e  in te ra c tio n s  p ro v id e d  s tru c tu re , o r  g u id e lin es , fo r  in v en tiv e  activity. 
O th e r  in v e n to rs  a lso  u sed  th e  system s a p p ro a c h ,  h av in g , like E d iso n , e x 
p e r ie n c e d  its s tim u la tin g  e f f e c t ."

R eflec tion  on  E d iso n ’s m e th o d  suggests  th a t h e  u sed  th e  system s a p 
p ro ach  in  o rd e r  to  em ploy  th e  rev erse  sa lie n t-c r it ic a l  p ro b le m s  m e th o d , 
b u t s ince  E d ison  d id  n o t ana lyze  a n d  a r tic u la te  h is a p p ro a c h  a n d  m e th o d , 
th e  h is to rian  m u s t in te rp re t  th e  re c o rd  ca re fu lly . In  fact, th e  re c o rd  show s 
th a t o th e r  in v e n to rs  a n d  e n g in e e rs  u sed  th e  re v e rse  sa lie n t-c r it ic a l  p ro b 
lem s m e th o d  d u r in g  th e  h a lf-c e n tu ry  c o v e red  by th is s tu d y ; th u s , a ttr ib u tin g  
th a t m e th o d  to  E d ison  as well d o es  n o t seem  a fa r - fe tc h e d  co n c lu s io n  (see 
pp . 3 3 -3 7  below ). As n o te d  ea r lie r ,  rev e rse  sa lien ts  a r e  o b v io u s w eak  p o in ts , 
o r  w eak c o m p o n e n ts , in a tech n o lo g y  w hich  a re  in  n e e d  o f  f u r th e r  d ev e l
o p m e n t. A rev e rse  sa lien t is obvious, a n d  c rea tiv e  im ag in a tio n  is n o t n e e d e d  
to  d e f in e  it. As will be show n , th e  n o n d u ra b ili ty  o f  e x p e r im e n ta l lam p  
filam en ts  b e fo re  1878 was a rev e rse  sa lien t in in c a n d e sc e n t- la m p  system s. 
E dison  a n d  m an y  o th e rs  w ere aw are  o f  th e  n e e d  fo r  in v en tiv e  activ ities in 
th is a rea . In  co n tra s t  to  a rev e rse  sa lien t, th e n , th e  d e f in it io n  o f  critical 
p ro b lem s by an  in v e n to r  d o es re q u ire  c rea tiv e  im a g in a tio n . C ritica l p ro b 
lem s re su lt f ro m  th e  in v e n to r ’s d e f in in g  th e  rev e rse  sa lien t as a p ro b lem , 
o r  set o f  p ro b lem s, th a t,  w hen  so lved , will c o rre c t th e  re v e rse  sa lien t. (As 
will be seen , in E d iso n ’s w ork  th e  rev e rse  sa lien ts  w ere  o f te n  e c o n o m ic  in  
n a tu re ; th e  critical p ro b lem s, techn ica l.) A system s a p p ro a c h  facilita tes th e  
use o f  th e  rev e rse  sa lien t—critical p ro b lem s m e th o d  b ecau se  re v e rse  salien ts
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.     " i '" u ,“ 't |jnK n icuun  01 r.mson s public testimony, th e
reproduced pages are num bered 3128-34. T he  i.em is on file at .he  Edison Archives in a 
folder labe ed E ^ m c  U gh, H.stories W riiien by Thom as A. Edison lo r Henry Ford. 1926." 
Edison archivist A. R. Abel „  unable to identify the original source o f  this item, 
i I S|>Cr7 ;  also a Prf>r«sional. independent inventor, introduced guidance and con-

I O .Z  T *  PS a “,rr ! a T  |,rio r to W or,d 1 HI* »ppnw cl. is similar to Edison's. SeeHughes. Sperry, csp. pp. 51-53, 63-70. 159-61 9Qn_cir,



Figure I I .I . Associates in the Edison 
system: Francis Upton. John Kreusi, and 
Charles Batchelor. Courtesy of the Edison 
Archives, Edison National Historic Site, 

West Orange, N.J.

a re  observab ly  w eak in re la tio n sh ip  to  o th e r  system  co m p o n e n ts , a n d  b e 
cause , as Edison  h im se lf w ro te , th e  im p ro v em en t o f  o n e  co m p o n e n t in a 
system  will re v e rb e ra te  th ro u g h o u t  th e  system  a n d  cause  th e  n eed  for 
im p ro v e m e n ts  in o th e r  co m p o n e n ts , th e reb y  e n ab lin g  th e  e n tire  system  to 
fulfill its goal m o re  e ffic ien tly  o r  econom ically . In  o th e r  w ords, th e  system s 
ap p ro a c h  facilita ted  th e  co n cep tu a l fo rm u la tio n  o f  G estalt p a tte rn s  a n d  the 
v isualization  o f  th e  inco m p le te  p a r ts  o f  those  p a tte rn s .

T h e  availability  o f  assistan ts w ith a varie ty  o f  know ledge  a n d  skills also 
s tim u la ted  E d ison  to  choose  p ro b lem s th a t involved  a system  o f  c o m p o 
nen ts . T h e re  w ere su p e rb  m echan ics, e lec tric ians, chem ists, glass blow ers, 
a n d  o th e r  skilled p e rso n s  in th c  M enlo  P ark  co m m u n ity . A fte r acq u irin g  
fu n d in g  fo r his e lectric  lig h tin g  p ro jec t in th e  fall o f  1878, Edison  em p lo y ed  
a d d itio n a l m en  w hose ta len ts  w ere particu la rly  well su ited  fo r  th e  pro jec t. 
O f  special im p o rta n c e  a m o n g  th em  was F rancis U p to n , th e  m a th em a tic ian  
a n d  physicist. O th e rs , how ever, h ad  been  a t E d iso n ’s side lo r  years. C h a rle s  
B atch e lo r, fo r in stance , was an  in g en io u s  m aste r c ra f tsm a n , d e x te ro u s  an d  
sh a rp -e y e d , a n d  his w id e -ran g in g  e x p e rim e n ta l te ch n iq u es  a n d  m echan ical 
a p titu d e  kep t h im  a t E d iso n ’s rig h t h a n d . B a tch e lo r was so closely involved 
with Edison  in all o f  his w ork  “th a t his absence  fro m  th e  lab o ra to ry  is 
invariab ly  a signal fo r M r. E dison  to  su sp e n d  la b o r .’’12 J o h n  K reusi, who 
was in ch a rg e  o f  th e  M enlo  P ark  m ach in e  shop , also p layed  a m a jo r role 
in b u ild in g  th e  E d ison  system . T ra in e d  in Sw itzerland  as a fine  m echanic , 
he  co u ld  d eftly  c o n s tru c t E d iso n ’s v arious d esig n s from  n o th in g  m o re  th an  
ro u g h  ske tches a n d  c ryp tic  in s tru c tio n s . H e, like B atche lo r, h ad  been  with 
Edison  in N ew ark , N ew  Je rse y , b e fo re  th e  estab lish m en t o f  th e  M enlo  Park 
lab o ra to ry  (see Fig. I I . I ) . 13

W hen  th e  e lec tric  lig h tin g  p ro jec t e n te re d  th e  d ev e lo p m en t phase , o th e rs  
a t M enlo  P a rk  w o rk ed  on  v a rio u s co m p o n e n ts  o f  th e  system . D r. H e rm a n n  
C lau d iu s , a fo rm e r  o ff ic e r  in th e  A u s trian  T e le g ra p h  C o rp s, bu ilt s im u 
lations o f  th e  system  w ith b a tte r ie s  fo r  g e n e ra to rs , fine  w ires fo r the  d is
t r ib u tio n  system , a n d  re sis to rs  fo r  th e  load . F rancis J e h l re p o r te d  that 
C lau d iu s  h a d  a t h is f in g e rtip s  K irc h h o f fs  laws o f  c o n d u c to r  n e tw o rk s .1'' 
T h e  n am es o f  so m e  o f  th e  o th e r  p io n ee rs  w ho m ad e  it possible for Edison 
to  in v en t a n d  d ev e lo p  an  e n tire  system  in c lu d e  J o h n  “Basic” Law son, J .  F. 
O tt, D. A. “Doc" H a id , W illiam  J .  H a m m e r, E d w ard  H . J o h n so n , S tockton  
G riffin , G eo rg e  a n d  W illiam  C a rm a n . M artin  Force, a n d  L udw ig  B oehm  
(see Fig. 11.2).

T h e se  v aried  ta len ts  w ere s u p p o r te d  by a b ro a d  a rray  o f  ex pensive  m a
ch ine  tools, chem ica l a p p a ra tu s , lib ra ry  reso u rces , sc ientific in s tru m en ts , 
a n d  electrical e q u ip m e n t .15 A m a jo r reason  fo r  th e  e stab lish m en t o f  the  
E dison  E lectric L igh t C o m p an y , th e  p a te n t-h o ld in g  en te rp r is e , in O c to b e r 
1878 was to  a cq u ire  fu n d s  fo r  a d d itio n a l lab o ra to ry  eq u ip m e n t. T h e  story

11 New York Herald, 21 December 1879. quoted in Jelil. Reminiscences, I: 59S.
11 |ehl, Reminiscences, I: 54.
M Ibid.. 2: 545.
'* For Jelil's description of the scientific instruments, sec ibid., csp. 1: 257-71). Kolirrt

Fricdel. director of the Center for the History o f Electrical Engineering. Institute- ol Electrical 
and Electronics Engineers, has found no evidence in the Edison record of Edison's having 
borrowed the Sprcngcl pump. T he surviving record suggests that the pum p was <levelo|>ed 
at Menlo Park. Robert Fricdel, personal communication, I March 1982.
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Figure 11.2. Creators of the Edison 
system. Menlo Park. 1879. Back row. 

right to Icrt: A. "Poe" Haul (chemist); 
Francis Upton (mathematician); Francis 

/chi; and Charles Ilatchelor (master 
mechanic). Th ird  row. third from right: 

Thomas Edison. Courtesy of the Edison 
Archives. Edison National Historic Site.

West Orange. N.J.

2 4

(p e rh a p s  ap o c ry p h a l)  o f  E d iso n ’s b o r ro w in g  a S p re n g e l p u m p  fro m  P rin ce 
ton  U n iversity  to  ach ieve th e  vacu u m  n e e d e d  in  his in c a n d e sc e n t-b u lb  e x 
p e r im e n ts  is well know n . Il m ay have  led  to  th e  e r ro n e o u s  conc lusion , 
how ever, th a t E dison  a n d  U p to n  d id  n o t su ffic ien tly  a p p re c ia te  th e  im 
p o rta n c e  o f  scien tific  in s tru m e n ts  in e x p e r im e n ta tio n ,  a t least n o t e n o u g h  
to  invest heavily  in th em . It m ay also have led to  th e  eq u a lly  false conc lusion  
th a t E d iso n ’s lab o ra to ry  was not as well e q u ip p e d  as th e  la b o ra to r ie s  of 
m a jo r un ivers ities . In  fact, th e  M enlo  P ark  lab o ra to ry  p ro b ab ly  b u ilt a 
v acuum  p u m p  o f  th e  latest desig n . F u r th e rm o re ,  M en lo  P a rk  h a d  galva
n o m e te rs , sta tic  g e n e ra to rs , L eyden  ja r s ,  in d u c tio n  coils ( in c lu d in g  a 
R iih m k o rff  coil cap ab le  o f  a 20-cm . sp a rk ), b a tte r ie s , a n d  co n d e n se rs . 
W o o d en -b o x ed  co n d e n se rs  "w ere  s trew n  ev e ry w h e re ,” fo r th ey , a lo n g  with 
v ariab le -resis tance  boxes, w ere  essen tia l a p p a ra tu s  fo r te le g ra p h y  e x p e r i
m e n ts .10 In  a d d itio n , th e  lab o ra to ry  was e q u ip p e d  w ith a s ta n d a rd  o h m , a 
W hea ts to n e  b rid g e , T h o m so n  h igh - an d  low -resistance  re f le c tin g  galva
n o m e te rs , an  asta tic  g a lv a n o m e te r , a n d  a H e lm h o ltz -G a u g a in  ta n g e n t ga l
v an o m ete r. E d iso n ’s e x p e rim e n ta tio n  also led to  th e  p u rc h a se  o f  o th e r  
in v e n to rs ’ a n d  m a n u fa c tu re rs ' a p p a ra tu s , such  as g e n e ra to rs , fo r testing  
p u rp o ses . T h e  Edison  lab o ra to ry  at M enlo  P ark  was p ro b ab ly  o n e  o f  the 
best electrical la b o ra to rie s  in th e  w orld . M oreo v er, E dison  also e q u ip p e d  
il, a t g re a t ex p en se , as a chem ical re sea rch  la b o ra to ry . The e x p en ses  a n d  
w ages fo r e q u ip m e n t a n d  p e rso n n e l w ere su b stan tia l. E d ison  r e p o r te d  in 
J a n u a ry  1879, ab o u t six m o n th s  a f te r  co m m en c in g  th e  e lec tric  ligh ting  
p ro jec t, th a t he  h ad  e x p e n d e d  $ ‘15,000 on  th e  pro jec t a n d  th a t o p e ra tin g

N I 'T f W O R K S  O F  P O W E R

'*Jelil, Reminiscences. 1: 22H-9Q 9<;7_7n
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ex p en ses  c o n tin u e d  a t th e  ra te  o f  ab o u t $80 0  each  w eek. By N o v em b er 
1879 m o re  th a n  $5 0 ,0 0 0  h ad  b een  sp e n t on  th e  p ro je c t.17

T h e re  was a feed b ack  re la tio n sh ip  in  all this. E d ison  a ssem bled  a co m 
m u n ity  o f  c ra f tsm e n  a n d  ap p lie rs  o f  science a n d  th e  too ls a n d  scientific 
in s tru m e n ts  they  n e e d e d  in o rd e r  to  w ork  on  p ro b lem s o f  a system ic n a tu re , 
a n d  th e  p re sen ce  o f  th e se  m en  a n d  th e ir  a p p a ra tu s  fu r th e r  s tim u la ted  him , 
even  co n s tra in e d  h im , to  ch o o se  to  in v en t a n d  d ev e lo p  system s. T h e  e x 
is tence  o f  a c o m m u n ity  a t M en lo  P ark  a n d  la te r  a t E d iso n ’s la rg e r  lab o ra to ry  
at W est O ra n g e , N ew  Je rse y , d id , how ever, lead  to  c o n tro v e rsy  ab o u t the  
sign ificance  o f  E d iso n ’s ro le  a n d  a b o u t his d e p e n d e n c e  o n  his s ta ff. F rancis 
J e h l  in sis ted  in his Memoirs (p u b lish ed  y ears la te r) th a t E dison  was the 
N ap o leo n  w ith th e  m a s te r  p la n .1" O th e r  h is to rian s  have in te rp re te d  E d i
so n ’s co n tr ib u tio n  a n d  m e th o d  in ligh t o f  J e h l ’s m em oirs . As a resu lt, E dison  
e m e rg e s  as th e  p ro fo u n d ly  im ag ina tive  fo rm u la to r  o f  a g ra n d  desig n  th a t 
was fu lfilled  in de ta il by kn o w led g eab le  a n d  sk illed  assistan ts. E d ison  even  
used  in sigh ts  d ra w n  fro m  scien tific  law— fo r exam p le , O h m ’s law— to his 
ow n ad v an tag e . O n  th e  o th e r  h a n d , J e h l,  in a co n fid en tia l m e m o ra n d u m , 
a ssigned  th e  ro le  o f  m a s te r  co n c e p tu a liz e r  to  F rancis U p to n , th e  u se r o f 
science w ho in v e n te d  in g en io u s  so lu tio n s to  techn ica l p ro b le m s .11'

U p to n , a y o u n g  “sch o la r  a n d  g e n tle m a n ” w ho was n ick n am ed  “C u ltu re "  
by E d ison , jo in e d  E d iso n ’s s ta f f  a l M enlo  P ark  in D ecem b er 1878 on  th e  
re c o m m e n d a tio n  o f  G ro sv e n o r  P. L ow rey, E d iso n ’s counse l a n d  business 
an d  financ ia l ad v iser. H e  becam e E d iso n ’s m a th em a tic ian  a n d  physicist. 
H e  h a d  b een  e d u c a te d  a t Ph illips A n d o v e r  A cadem y, B ow doin  C ollege, 
P rin ce to n  U n iv ersity , a n d  B e rlin  U n iversity , w h e re  h e  a tte n d e d  lec tu res  by 
th e  e m in e n t scien tist H e rm a n n  von H elm h o ltz . N otes on  H e lm h o ltz ’s lec
tu re s  o n  physics d u r in g  th e  w in te r s em es te r  o f  1877 su rv ive am o n g  U p to n ’s 
p a p e rs  a t th e  E d ison  A rch ives in  W est O ra n g e , New Je rsey .

T h e  E dison  w ho e m e rg e s  in J e h l ’s m e m o ra n d u m  is re m ark ab ly  d iffe re n t 
fro m  th e  E d ison  d e p ic te d  in J e h l ’s Reminiscences.20 In  p riv a te , J e h l  d escrib ed  
Edison  as a “p u s h e r” w ho gave his financ ia l backers c o n fid en ce  th a t he  
w ould  f ind  a way to  solve th e  p ro b lem s. J e h l re lu c tan tly  ack n o w led g ed  th a t 
Edison  was a g en iu s , b u t he re g a rd e d  U p to n  as th e  th in k e r  a n d  th e  c o n 
cep tu a liz e r  o f  system s. As h e  p u t it:

When an abnorm al man can find such abnorm al ways and means to make his 
name known all over the world with such rocket-like swiftness, and accumulate 
such wealth with such little real knowledge, a man that cannot solve a simple 
equation, I say, such a man is a genius—or let us use the more popular word—a 
wizard. So was Barnum l Edison is and always was a shrewd, witty business man

17 Edison to T heodore  Puskas. 28 January  1879. in Letter Book E-3407, EA; Lowrey to 
Edison, 13 Novem ber 1879, in folder labeled “Electric Light—General." EA.

'"Jeh l. Reminiscences, I: 216. 362-63; 2: 852-54.
'" T h e  m em orandum  is in the William H am mer Collection, Museum o f American History. 

Smithsonian Institution, W ashington, D.C. It was enclosed in a letter from Francis Jehl to F. 
R. U pton, 22 April 1913. In a note on the m em orandum . H am m er wrote that years earlier 
Jehl had written a similar letter to him from Budapest. I am indebted to Robert Friedel of 
the History Institute o f the Institute o f Electrical and Electronic Engineers for railing my 
attention lo this item.

,n |eh l wrote his Reminiscences years a lter these events while employed at the Menlo Park 
laboratory at D earborn, Michigan, which had been restored by Henry Ford, a friend and 
adm irer o f Edison's.
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w ithout a soul, an electrical and  mechanical jobber, who well understood  how to 
"whoop things up," whose only am bition was to make money and pose as a sort 
o f fetich for great masses o f people that possess only a popular notion o f an art, 
and who are always ready to yap in astonishm ent at some fire-work display that 
is blown o ff  for the benefit o f m ankind. Yellow jou rna ls and  hedge-w riters claim 
him for their own, while the work o f U pton is h idden in the lore o f progressive 
science and research.21

J e h l  in sis ted  in p r iv a te , as h e  d id  in his m em o irs , th a t th e  w ork  a t M en lo  
P a rk  was n o t h a p h a z a rd  e x p e r im e n ta t io n ,  b u t in c o n fid e n c e  h e  d e c la re d  
th a t  th e  g r o u p ’s th e o re tic a l in s ig h ts  c am e  fro m  th e  " p ro f ic ie n t a n d  e ru d itiv e  
m in d "  o f  U p to n . It was U p to n  w ho  c o ach ed  E d iso n  a b o u t sc ience  a n d  its 
u ses in  so lv in g  tech n ica l p ro b le m s ; it was U p to n  w ho  ta u g h t  E d ison  to  
c o m p re h e n d  th e  o h m , volt, a n d  w eb e r (a m p e re )  a n d  th e ir  re la tio n  to  o n e  
a n o th e r .22 U p to n , fo r  in s tan ce , la id  d o w n  th e  p r in c ip le s  th a t g o v e rn e d  th e  
p ro je c t’s c o m m erc ia l a n d  e c o n o m ic  d is tr ib u tio n  system  a n d  so lved  th e  e q u a 
tio n s  th a t  ra tio n a liz e d  it. H is tab les , his u se  o f  sc ien tific  u n its  a n d  in s tru 
m e n ts , m a d e  possib le  th e  d es ig n  o f  th e  system .

U p to n ’s in te rp re ta t io n  o f  his re la tio n sh ip  w ith  E d iso n  was fa r  m o re  a p 
p rec ia tiv e  o f  E d iso n ’s ro le . In  a m e m o ra n d u m  o n  th e  E d iso n  m e th o d , 
U p to n  p o r tra y e d  E d iso n  as th e  d ire c to r  o f  a re se a rc h  a n d  d e v e lo p m e n t 
lab o ra to ry .23 H e stressed  E d ison ’s p ow er o f  c o n cen tra tio n  a n d  sing le -m inded  
p u r s u i t  o f  an  ob jective. W h a te v e r  lay a l h a n d  was se ized  u p o n  a n d  m o ld ed  
to  h is p u rp o s e ; occasionally , q u ite  e x p e n s iv e  a p p a ra tu s  w as ru in e d  b ecau se  
it w as ava ilab le  a n d  co u ld  be m a d e  to  se rv e  an  im m e d ia te  p u rp o se . T h e  
e x p e n s e  m a tte re d  little  to  E d ison  d u r in g  th e  h e a t o f  th e  q u es t. H is p o w er 
o f  c o n c e n tra tio n  also  sh o w ed  itse lf  in his ability  to  follow  a sin g le  line  o f  
th o u g h t  as h e  re a d  th ro u g h  pag es o f  d en se ly  p ack ed  in fo rm a tio n . E d ison  
also  im p re s se d  U p to n  w ith his ta le n t fo r  a sk in g  o r ig in a l q u e s tio n s . “ I can  
an sw e r  q u e s tio n s  very  easily  a f te r  th ey  a re  a sk e d ."  U p to n  la m e n te d , “b u t 
f in d  g re a t tro u b le  in f ra m in g  any  lo  a n sw e r.” E d iso n  p o se d  q u e s tio n s  th a t 
co u ld  be tra n s la te d  in to  h y p o th e se s , w hich  in tu rn  e s tab lish ed  th e  s tra teg y  
a n d  tactics o f  e x p e r im e n ta tio n .  H is q u e s tio n s  w e re  o f te n  d ra w n  fro m  his 
d o u b ts  a b o u t a c cep ted  e x p la n a tio n s  a n d  p ro c e d u re s . A c c o rd in g  to  U p to n , 
E d ison  n e v e r  to o k  a n y th in g  Tor g ra n te d ;  h e  alw ays d o u b te d  w h a t o th e rs  
th o u g h t  possib le . S o m e tim es  th e  re su lt was th a t h e  fo u n d  a new  way. T h e  
q u e s tio n s  so m e tim es  flow ed  fro m  E d ison  as if  h e  h a d  n o  c o n tro l o v e r  his 
th o u g h ts  b u t was in tu itiv e ly  p e n e tr a t in g  to  th e  essence  o f  a c o m p lex  a n d  
co n fu s in g  s itu a tio n . W hile  w a iling  fo r  th e  le a d in g  q u e s tio n s  to  fo rm  in his 
m in d  o r  th e  r ig h t e x p e r im e n t  to  p re se n t itself, E d ison  o f te n  p assed  th e  
tim e , U p to n  o b se rv e d , by idly d o in g  e x p e r im e n ts  in th e  g e n e ra l a re a  o f  his 
co n c e rn , w hich  k e p t his a tte n tio n  fo cu sed  o n  th e  g e n e ra l p ro b le m . I f  such  
e ffo r ts  p ro v e d  fru itle ss , h e  w ou ld  sh ift to  a n o th e r  sub jec t a re a  a n d  w ork  
o n  a n o th e r  p ro je c t fo r  a tim e.

U p to n  was well v e rsed  in ca lcu lus , a n d  E d ison  was n o to r io u s  fo r his 
w eakness  in m a th em a tic s , b u t th e  way in w hich E d ison  g ra sp e d  th e  essence  
o f  q u an tif ia b le  re la tio n sh ip s  im p ressed  U p to n . U p to n 's  task  was to  re d u c e

”  M em orandum  in Jehl lo U pton, 22 April 1913. pp. 10 - 1 1. H am m er Collection.
Ibid.. p. 4.

”  Folder labeled "Biographical—Upton. Francis." item E-6285-11. EA.



2 7 IN V E N T I O N  A N D  D E V E L O P M E N T

E d iso n ’s no lio n s to  e q u a tio n s . E d ison 's ability to  find m e ta p h o rs  tha t a l
low ed him  to d raw  on  w hat he  knew  a n d  im|>ose o rd e r  on  w hat he d id  not 
know  also was a Kilt. U p to n  a d m ire d  th e  way in which Edison  fo rm u la ted  
g e n e ra l ob jectives, o r  so lu tions, a n d  th e n  w orked  ingen iously  to w ard  the 
e n d  in view.

F u r th e r  re sea rch  will not u ltim ate ly  reso lve th e  co m plex ity  an d  c o n tra 
d ic tio n s in th e  su rv iv in g  testim o n y  o f  active, am b itio u s m en  like Edison  and  
his lie u te n a n ts .T h e  re la tio n sh ip s  w ere as m u ltiface ted  a n d  inv o lu ted  as 
J e h l 's  an a lo g y  of N ap o le o n -a n d -s ta ff  suggests. P ioneers  like U p to n  e n 
h an ced  th e  E dison  leg en d ; a few o th e rs , like J e h l, in p riv a te , cast doub ts . 
A m o n g  those  w ho ra ised  q u es tio n s  op en ly  w ere N ikola T esla , th e  in ven to i 
of a po ly p h ase  p o w er system ; W. K. L. D ickson, th e  in v en to r ol m otion  
p ic tu re  a p p a ra tu s ;  a n d  F ran k  J .  S p ra g u e , a p io n e e r  in e lec tric  trac tion .-’1 
T heir, o r  th e ir  ad v o ca tes ', critic ism s gen e ra lly  focus on  th e  alleged  fa ilu re  

o f  E dison , o r  h is to ry , to  ascribe  c red it d u e  th em  fo r w ork  d o n e , o r  in v e n 
tions m ad e , w hile th ey  w ere em p lo y ed  by E dison , l a b o ra to ry  no tebooks 
a n d  o th e r  re c o rd s  d o  su g g est th a t he  was o f ten  s tim u la ted  by th e  ideas and  
ach iev em en ts  o f  o th e rs , in side  th e  lab o ra to ry  a n d  o u t. H e  d rew  on  th e  ideas 
o f  o th e rs  by m ean s  o f  li te ra tu re  a n d  p a ten t searches. It is also tru e  that 
Edison  se ldom  s ing led  o u t assistan ts to  a ttr ib u te  to  th em  p a rtic u la r  inventive 
ideas, b u t he  o f te n  a ck n o w led g ed  th e ir  g en e ra l assistance in new sp ap er 
in terv iew s a n d  h e  gave th em  re sp o n sib le  positions in his m a n u fa c tu r in g  
en te rp r ise s .

T h e  tan g led  co n n ec tio n s  a n d  c o n tra d ic to ry  ev idence  can he cla rified  
som ew hat, how ever, if  we view th e  Edison  g ro u p  as an  organic co m m u n ity  
w hose m e m b e rs  w e re  func tio n a lly , o r  system atically , re la ted . Edison 's role- 
h ad  lo  be p lay ed , as d id  K reu s i’s, B a tc h e lo r’s, a n d  U p to n 's . Je h l  m ight have 
been  covertly  je a lo u s  o f  th e  public ity  given  E dison , even  o f  his stature- as 
a h e ro , b u t th e  m y th  h e lp e d  a ttra c t f in an c ie rs  w ho w ould  n ev e r have s u p 
p o r te d  J e h l  o r  even  J e h l ’s h e ro  U p to n . N o d o u b t E d iso n ’s im m ense  p restige  
also in f lu e n c e d  th o se  w ho w ere involved in p a ten t litigation . A nd it is 
d o u b tfu l th a t th e  o th e rs  co u ld  have p ro v id ed  th e  verve a n d  intellec tual 
style th a t gave E dison  th e  po w er to  in sp ire  m ost o f  th e  M enlo I’a rk  co m 
m u n ity  to  w ork  lo n g  h o u rs  at fev er p itch . It is u n d e rs ta n d a b le , how ever, 
th a t p e rso n s  fu n c tio n in g  effectively  in a co m m u n ity  w ould at tim es reject 
th e  eg o -co n s tra in in g  ro le  th e  co m m u n ity  asked  th em  to play.

T h e  c o n tro v e rsy  o v e r E d ison 's ro le  is c la rified  som ew hat w hen  a tten tio n  
is d ire c te d  to  th e  system s a p p ro a c h  in fo rm ally  u sed  in his lab o ra to ry . As 
e n tr e p re n e u r  a n d  m a n a g e r  o f  re sea rch  a n d  d ev e lo p m en t. E dison was r e 
sponsib le  fo r  th e  o u tp u t  o f  his re sea rch -an d -d ev e lo p m en t co m m u n ity . Eval
u a tin g  h im  sim ply  as an  in d e p e n d e n t in v en to r  is in ap p ro p ria te . The q u e s 
tion  sh o u ld  n o t be D id Edison  inven t?  bu t ra th e r  H ow  d id  he p re sid e  over 
inventive activity? B io g ra p h e rs  have been  led astray  by focusing  on  E dison 's 
p a ten ts  a n d  th e ir  p rio rity . In  t ru th ,  assign ing  p a ten ts  to Edison was p ro b 
ably in m any  in stances partia lly  a tactical dev ice used  to  take ad v an tag e  ol 
his fam e a n d  p re s tig e  to  im press  p o ten tia l financial bac kers an d  even  judges

Gordon Hendricks, Thr Edison Motion Ficturr Myth (l)crkeley: University <il ( .aliloi 111.1 
Press, 1961); lla rric l Sprague, Frank J. Spragur and thr Edison Myth (New York: William 
Frederick Press. 19471.
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Figure 11.3. Eduon's laboratory, Alm/o 
Park, the winter of I/i80/ft I . From InsuU.

Public Utilities, faring p. 40.

in p a te n t  litig a tio n . B ecause  m an y  o f  h is in v e n tio n s  w e re  u n d o u b te d ly  th e  
re su lt  o f  co llective e n d e a v o rs , it w o u ld  h av e  b e e n  fa ir  to  assign  th e  p a te n ts  
to  sev e ra l p e rso n s  in  th e  lab o ra to ry  in c lu d in g  E d ison . T h is , h o w ev e r, is an  
issue  s e p a ra te  f ro m  th e  q u e s tio n  o f  th e  ro le  h e  p lay ed  as a m a n a g e r  a n d  
e n t r e p r e n e u r  o f  in v en tio n  a n d  d e v e lo p m e n t. It is in te re s tin g  to  n o te  in  th is 
re g a rd  th a t  th e  A m e ric a n  in v e n to r  Eli W h itn ey  h as  recen tly  b e e n  d esc r ib ed  
as a m a n a g e r  a n d  e n t r e p r e n e u r .25

T h e  sy stem s E d iso n  ch o se  w ere  n o t s im p ly  tech n ica l o n e s ; th ey  involved  
eco n o m ics  as well. F o r  e x a m p le , f ro m  th e  s ta r t  o f  h is su s ta in e d  c o n c e n tra 
tio n  o n  th e  e lec tric  lig h tin g  p ro je c t in  th e  fall o f  1878, E d iso n  a n d  his 
la b o ra to ry  ass is tan ts  an a ly zed  th e  costs o f  g e n e ra t in g  a n d  d is t r ib u t in g  elec
tric ity . V a rio u s  n o te b o o k  e n tr ie s , th o u g h  th e y  d o  n o t p ro v id e  a c h ro n o lo g y  
a n d  c o m p le te  re c o rd  o f  E d iso n 's  in v en tiv e  id eas  a n d  d e v e lo p m e n t activ ities, 
show  th e  fo cu s o f  h is th o u g h ts  o n , fo r  in s tan ce , th e  cost o f  o p e ra t in g  th e  
G ra m m e  a n d  W allace a rc - lig h t g e n e ra to r s  th a t w e re  a c q u ire d  fo r  les t p u r 
p o ses .2" F ro m  th e  av a ilab le  l i te ra tu re ,  E d iso n  a n d  his ass is tan ts  a lso  a sc e r
ta in e d  th e  cost o f  o p e ra t in g  a J a b lo c h k o lT  a rc - lig h tin g  sy stem , th e  in v en tio n  
th a t  h a d  c r e a te d  so m u ch  e x c ite m e n t d u r in g  its d isp lay  in P aris  a n d  o th e r  
E u ro p e a n  cities. O th e r  item s in th e  n o te b o o k s  lo t th e  ea r ly  m o n th s  o f  th e  
p ro je c t a lso  rev ea l E d iso n ’s c o n c e rn  ab o u t th e  cost o f  c o p p e r  n e e d e d  fo r

'■'"Sce M errill R. Sm ith. Harpers Ferry Armory and the New Technology (llliaca, N.Y.: Cornell 
University Press. 1977); anti, especially, idem , "Eli W hitney and  the A m erican System of 
M anufacturing," in Technology in America, ccl. C arroll W. Pursell, J r . (Cam bridge, Mass.: M.I.T. 
Press. I9HI), pp. 45-61 .

■"'Menlo Park Notebook 110. (i (4 Decem ber 1878-31) Ja n u ary  1879). pp. 22-30 . Edison's 
laboratory notebooks arc  part o f  the Edison Archives on file al the Edison National Historic 
Site. West O range, N.J. H ereafter, if only one date  is given Tor a notebook, it is Tor the first 
da ted  en try  in the tinieltook; if two dates are  given, the second is for the last da ted  entry.
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d is tr ib u tio n  a n d  g e n e ra to r  w irin g .27 O n  8 S e p te m b e r  1878 Edison  visited 
th e  A nson ia . C o n n ec ticu t, p lan t o f  W illiam  W allace, th e  b rass m a n u la r-  
tu re r ,  to  see his a rc -lig h t d y n am o . W hile th e re . E dison m ad e  ro u g h  ca l
cu la tions. in c lu d in g  fuel costs a n d  tran sm issio n  losses.26 l ie  also d ec id ed  
in th e  early  days th a t a successfu l ligh tin g  system  w ould be o n e  tha t p r o 
d u ced  light a t a p rice  low er th a n  th e  cost o f  gas.2” S p u rre d  bv his vision 
o f  an  e lec tric  l ig h tin g  system  th a t w ould  be a n a lo g o u s  to  ex is ting  gaslight 
system s, he  b eg an — in 1878, a c c o rd in g  to  his ow n reco llec tions— collecting

e very  k ind  o f  d a ta  a b o u t gas; b o u g h t all th e  tran sac tio n s  o f  th e  gas e n g in e e r 
ing  societies, e tc ., all th e  back v o lum es o f  gas jo u rn a ls . H av ing  o b ta in ed  all th e  
d a ta  a n d  in v e s tig a te d  gas-jet d is tr ib u t io n  in N ew  Y ork  by ac tua l o b se rv a tio n s. I 
m a d e  u p  m y m in d  th a t th e  p ro b le m  o f  th e  subd iv is ion  o f  th e  e lec tric  c u rre n t 
c ou ld  be solved  a n d  m a d e  co m m erc ia l.

Edison  co u ld  n o t re d u c e  g e n e ra l s ta tem en ts  abou t th e  c o m p ara tiv e  costs 
o f  gas lig h tin g  a n d  e lec tric  l ig h tin g  to  quan tita tiv e ly  m o re  prec ise  ones until 
he h ad  d ev e lo p ed  som e o f  his in v en tio n s  a n d  m ad e  a d e ta iled  analysis o( 
th e  cost o f  gas lig h tin g  as su p p lie d  in a p a r tic u la r  locality. F rom  th e  s tart, 
h e  clearly  rea lized , how ever, th a t his system  w ould  have to  be econom ically  
c o m p etitiv e , a n d  th u s  he conce ived  o f  th e  p ro b lem  to be solved by inven tion  
as in sep a rab ly  techn ica l a n d  econom ic . H e d id  not set o u t to  invent a ligh ting  
system  th e  cost o f  w hich w ould  n o t be co n s id e red  un til it was built. As an 
econom ic  h is to rian  la te r  o b se rv ed , “ F rom  th e  eco n o m is t’s view poin t, the  
m ost s ig n ifican t a sp ec t o f  E d iso n ’s activities in electric  ligh ting  was his 
c o n ce rn  a t every  s tep  w ith eco n o m ic  fac to rs .”31 It w ould p e rh a p s  be m ore  
c o rrec t to  say th a t he d e f in e d  p ro b lem s as econo techn ica l.

B ecause techno log ica l ch a n g e  involved  econom ic , legal, a n d  legislative 
factors as well as techn ica l a n d  scien tific  ones, Edison  n e e d e d  a G rosvenor 
L ow rey to  h e lp  him  fu lfill his ob jectives as an  in v e n to r -e n ire p re n e u r . Low- 
rey g u id e d  E d ison  in m a ile rs  involv ing  W all S tree t, New Y ork City po li
ticians, a n d  p a te n t ap p lica tio n s. E dison , how ever, d id  not s tep  back, im 
m erse h im self in technological an d  scientific problem s, and  leave the “politics" 
to  L ow rey; th e  su rv iv in g  c o r re sp o n d e n c e  show s th a t Edison  played  a p ro m 
in e n t ro le  in th e  financ ia l a n d  political scenario s  co n c e rn in g  his inventions.

B orn  in M assachuse tts, Low rey  took  u p  th e  prac tice  o f  law in New York

17 See Menlo Park Notebook no. I (28 November 1878-24 July 187!)). section on wire 
calculations; and Notebook no. 12 (20 December 1878). pp. 174-75. 232-3.3. On the cost ol 
operating Jablochkoff candles, see Notebook no. 6. p. 57.

*" Christopher S. Derganc, "Thom as Edison and His Electric Lighting System." IEEE Spec 
(rum. February 1979, p. 50.

Harold C. Passer. The Electrical Manufacturers. 1875-1900  (Cambridge. Mass.: Harvard
University Press, 1953), p. 83.

’"T estim ony o f Edison quoted in Thom as C. Martin, Forty Years oj Edison Service. 1882-
1922 (New York: New York Edison Co.. 1922), p. 9. Contrary lo Edison's claim that hr
undertook investigation o f the gaslight industry in 1878, notelionk records and other original 
sources show that no systematic research alroul the industry was done until the end of 1879 
and during  1880, when Edison was planning his first central station in New York City. I am
indebted lo Paul Israel o f the Thom as Edison Papers Project at Rutgers University lor this
information. Israel is investigating Edison's method in the Menlo Park period Paul It. Israel, 
personal communication, 16 February 1982.

”  Passer. Electrical Manufacturers, p. 83.
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City a n d  rose to  p ro m in e n c e  th e re .  H e  ac ted  as c o u n se l to  th e  U .S . E xpress  
C o m p an y , W ells F a rg o  8c C o m p an y , a n d  th e  B a ltim o re  8c O h io  R ailroad . 
H e  was also legal ad v ise r to  th e  f inanc ia l e n t r e p r e n e u r  H e n ry  V illa rd , w ho 
b ecam e closely assoc ia ted  w ith  E d ison . In  1866 L ow rey  becam e g en e ra l 
counse l Tor th e  W este rn  U n io n  T e le g ra p h  C o m p an y , a p osition  which 
b ro u g h t E dison  a n d  L ow rey  to g e th e r  in co n n e c tio n  w ith te le g ra p h  p a te n t 
litigation . L ow rey  was o n e  o f  th o se  w ho  p e rsu a d e d  E d ison  to  tu rn  to  electric  
lig h tin g .32 H av in g  o b se rv ed  th e  sen sa tio n a l pub lic ity  g iven  to  th e  in tro 
d u c tio n  o f  th e  J a b lo c h k o ff  a rc  lig h t in Paris in 1878, L ow rey  u rg e d  E dison  
to  e n te r  th e  fie ld  a n d  o f fe re d  to  ra ise  th e  m o n ey  E d ison  n e e d e d  to  ex p a n d  
M enlo  Park . N o t on ly  d id  h e  adv ise  E d iso n , h e  o f te n  e n c o u ra g e d  th e  in 
v en to r. L ow rey  p ro m ise d  in 1878 th a t th e  in co m e  fro m  elec tric -lig h tin g  
p a te n ts  w ou ld  be e n o u g h  to  fu lfill o n e  o f  E d iso n ’s d re a m s : it w ou ld  “set 
[h im ] u p  fo re v e r  . . . [an d ] e n a b le  [h im ] . . .  to  b u ild  a n d  fo rm ally  en d o w  
a w o rk in g  la b o ra to ry  such  as th e  w orld  n e e d s  a n d  has n e v e r  s e e n .”33 (A t 
th a t tim e , th e  on ly  b u ild in g s  in th e  M en lo  P a rk  c o m p lex  w ere  th e  lab o ra to ry  
b u ild in g , th e  c a rp e n try  sh o p , a n d  th e  c a rb o n  sh e d ; still to  com e w ere  a 
m ach in e  s h o p , lib ra ry , a n d  o ffice  b u ild in g s.)  S h o rtly  a f te rw a rd , E d ison  gave 
Low rey  a f ree  h a n d  in n e g o tia tin g  th e  sale  o f  fo r th c o m in g  e lec tric -lig h tin g  
p a te n ts  a n d  es tab lish in g  b usiness  assoc ia tions a n d  e n te rp r is e s  a t h o m e  a n d  
a b ro a d : “G o  a h e a d , I shall ag re e  to  n o th in g , p ro m ise  n o th in g  a n d  say 
n o th in g  to  an y  p e rso n  leav ing  th e  w hole  m a tte r  to  you . All I w an t a t p re se n t 
is to  be  p ro v id e d  w ith fu n d s  to  p u sh  th e  lig h t ra p id ly ." 34

L ow rey  h ad  close co n tac ts  w ith th e  N ew  Y ork  fin an c ia l a n d  political 
w orld . H is law o ffices w ere  o n  th e  th ird  f lo o r o f  th e  D rex e l B u ild in g —  
D rex e l, M o rg an  a n d  C o m p a n y  o c cu p ied  th e  firs t f lo o r. W o rk in g  closely 
w ith his lo n g -tim e  fr ie n d  E gisto  P. F ab b ri, “an  I ta lia n  f in an c ia l g e n iu s”35 
a n d  p a r tn e r  o f  J .  P ie rp o n t M o rg a n ’s, h e  o b ta in e d  th e  fu n d s  fo r  Edison  
fro m  th e  V an d e rb ilts  a n d  D rexe l, M o rg an  a n d  C o m p an y . H is skill a n d  
e ffec tiv en ess  in d e a lin g  with po litic ians a n d  po litical p ro b le m s  is conveyed  
by th e  fo llow ing  ep iso d e . In  D ecem b er 1880 L ow rey  a r r a n g e d  a lobby ing  
e x trav ag an za . T h e  objective was to  o b ta in  a f ra n c h ise  a llo w in g  th e  Edison  
Illu m in a tin g  C o m p a n y  to  lay th e  d is tr ib u tio n  system  fo r  th e  first c o m m e r
cial E d ison  lig h tin g  system  in N ew  Y ork  C ity. B e h in d  th e  o p p o s itio n  o f  
som e N ew  Y ork  C ity a ld e rm e n  lay g as lig h t in te re s ts  a n d  la m p lig h te rs  w ho 
m ig h t be th ro w n  o u t o f  w ork  by th e  new  in c a n d e sc e n t ligh t. A special tra in  
b ro u g h t th e  m ay o r a n d  a ld e rm e n  to  M en lo  P ark . A rriv in g  at d u sk , they  
saw th e  liny  lam ps g low ing  in side  a n d  o u ts id e  th e  la b o ra to ry  b u ild ings. 
A fte r  a lo u r  a n d  d e m o n s tra tio n  by E d ison  a n d  his s ta ff, so m e o n e  po in ted ly  
c o m p la in ed  o f  b e in g  th irs ty , w hich  was a signa l fo r  th e  g ro u p  to  be led u p  
to  a d a rk e n e d  seco n d  llo o r  o l th e  lab o ra to ry . L igh ts su d d e n ly  w en t o n  to  
d isclose a lavish ‘sp re a d  (ru m  th e  fam o u s D elm on ico 's . A fte r  d in n e r ,  Low- 
rcy p re se n te d  E d ison  a n d  E d ison 's case, a n d  in d u e  tim e  th e  fran ch ise  was

tayson Jones. A Power History of the Consaluiatrd Edium System, 1878-1900  (New York: 
Consolidated Edison Co.. 1940), p. 27; on Lowrey. sec p. 101 

15 Lowrey to Edison. 10 October. 1878, EA.
M Edison lo Lowrey, 2 O rlobcr, 1878. EA.
”  Lewis Corey, The House of Morgan (New York. O i l .  Wall, 1980). p. 23. quoled in Jones. 

History of the (.omolidnted Edison System, p. |fi2.
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Figure 11.4. System diagrams: Generators 
in series, lamps in parallel, and three-wire 

distribution. Patent no. 274, 290 <20 
March 1882). Three-wire distribution was 

not introduced until 188).

grained .-'"1 T h e  fran ch ise  was as n ecessary  lo r  com m erc ia l success as a well- 
w ork in g  dy n am o .

T u rn in g  lo  (lie s im p le  ch ro n o lo g ica l h isto ry  o f  th e  in v en tio n  a n d  d ev e l
o p m e n t o f  E d ison 's  e lec tric  ligh tin g  system  will serve as a re m in d e r  that 
even  th o u g h  E d iso n ’s con cep ts  w ere holistic a n d  his a p p ro a c h  was e ssen 
tially system atic , his day -to -d ay  activities w ere a n a lo g o u s  to  th e  h u n tin g  an d  
b a ck track in g  o f  a g o a l-seek ing  o rg an ism  that d oes not know  p recisely  how 
lo  p ro ceed . E d ison  h ad  tak en  tim e o f f  from  som e o f  his o th e r  p ro jec ts  to 
e x p e r im e n t w ith in can d escen t lam ps b e fo re  th e  fall o f  1878, bu t it was not 
un til 1878 th a t he en v isag ed  his goal a n d  o rg an ized  th e  e lec tric -ligh ting  
pro jec t. T o  suggest tha t E d ison 's a p p ro a c h  to  th e  inv en tio n  o f  e lectric  
lig h tin g  was system atic  d o es not im ply, how ever, tha t from  th e  start ol the  
p ro jec t he c once ived  o f  th e  system  in all ol its p rec ise  techn ica l a n d  ei o nom ii 
re la tio n sh ip s  a n d  q u a n tita tiv e  ch a rac te ris tics . W hat is c lear is that he in 
te n d e d  fro m  th e  sta rt o f  th e  p ro ject to  invent not on ly  an  incandescen t 
lam p  b u t a lso re la te d  c o m p o n e n ts , such  as a d is tr ib u tio n  n e tw ork .

T h e  co m p o n e n ts  o f  th e  system  a b o u t which Edison  first h ad  inventive 
ideas in 1878 m ay have  b een  th e  d is tr ib u tio n  ne tw o rk  a n d  th e  incandescen t 
lam p . T hese ideas, as is usually  th e  case w ith in v en tions, w ere  im p ro v em en ts  
an d  new  co m b in a tio n s . U ntil E d ison 's  n u m e ro u s  no teb o o k s w ith th e ir  o ften  
in c o m p re h e n s ib le  a n d  sc ram b led  en tr ie s  a re  m o re  th o ro u g h ly  a n a ly z e d .'7 
th e  an sw er to  th e  q u e s tio n  o f  w hat exactly  he  d iscovered  o r in v en ted  in 
th e  early  fall o f  1878 will re m a in  in d o u b t, bu t c ircu m stan ces suggest that 
th e  in v en tio n s m ay have  b een  a para lle l system  o f  d is tr ib u tio n  an d  a fila
m e n t lam p  w ith a c irc u it- in te r ru p tin g  device (see Fig. 11.1). T he design  ol 
a c irc u it- in te r ru p tin g  dev ice in each  lam p  m ay have been  su g g ested  to him  
by th e  d esig n  o f  a ta s im e te r  th a t h e  h ad  recen tly  in v en ted  to m easu re  the  
hea t o f  th e  s u n ’s c o ro n a  d u r in g  ec lip se .38 H e  believed  tha t these  ideas could 
be d e v e lo p e d  in to  p rac tica l dev ices. As he w ro te  to  an  associate. "Have 
s tru ck  a b o n an za  in e lec tric  lig h t— in d e fin ite  subdiv ision  o f  lig h t."3"

E d iso n ’s ea rly  p ro b lem  id en tifica tio n  a n d  inven tive  ideas w ere no t, how 
ever, rem a rk a b ly  o rig in a l. T h e  subd iv ision  o f  light h ad  been  c o n s id e red  a 
critical p ro b lem  ev e r  since it becam e obvious th a t a rc  lam ps w ere too  in tense 
fo r  sm all-space  ligh ting . S ubd iv is ion  re fe rs  to  th e  d iv ision  o f  ligh t, o r e lec
trical en e rg y , in to  sm a lle r un its . T h e  use o f  low -intensity , in can d escen t- 
filam en t lam p s was seen  as a likely an sw er to  th is p ro b lem  because a n u m b er 
o f  in v e n to rs  b e fo re  E dison  h ad  d es ig n ed  in can d escen t lam ps o f  varied 
charac te ris tics . T h e se  lam ps, h ow ever, w ere no t d u rab le . O n e  h is to rian  o f 
th e  in can d escen t e lec tric  ligh t c ites th e  in v en tio n  o f  tw enty  types ol itu an-

“ Jchl. Reminiscences, 2: 778-85.
”  Al the lime of lliis writing the Thom as A. Edison Papers Project, headed l>y Prolessors 

Reese Jenkins and Leonard Reich, is engaged in die editing and analysis ol the hdison 
collection at West O range. In cooperation with this project, Dr. Hernard Finn of the Sm ith
sonian Institution and Dr. Robert Friedel ol the Institute of FJeririral and Electronic Engi- 
ncers" history center are making an in-depth study using the ICdison pa|>ers on the invention 
of the incandescent lamp. Until studies should provide fresh information, understanding, and 
insight into Edison's method and activities.

’•C onol, Streak of Luck, pp. I 16. 120.
,g Telegram  from FUlison lo Puskas. 22 Sepletnlier 1878, FiA. (Edison had written William 

Wallace to this effect on 18 September.)
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d escen t lam ps fro m  1809 to  1878 (w hat has b een  called  th e  p reco m m erc ia l 
p e rio d ). O n e  o f  th e  in v e n to rs , M oses G. F a rm e r, was th e  fo rm e r  p a r tn e r  
o f  W allace, w hom  E d ison  visited  in S e p te m b e r  1878.40 F a rm e r  h a d  u sed  a 
p la tin u m -s ir ip  in c a n d e sc e n t la m p  as early  as Ju ly  1859 a n d  r e tu rn e d  to  
e x p e rim e n ta tio n  in  1877; in  1878 h e  p ro p o se d  co n n e c tin g  th e  in can d escen t 
lam ps in para lle l. H e  also  u sed  a c irc u it-b re a k in g  dev ice to  cool th e  fila
m e n t.41 E d ison  m ay h av e  le a rn e d  o f  th is  o n  h is A n so n ia  visit; in any  even t, 
h e  h ad  h a d  th e  o p p o r tu n i ty  to  c o n s id e r  p a ra lle l c ircu its , as c o n tra s te d  to 
se ries  c o n n ec tio n s , in th e  te le g ra p h  a n d  in  a rc -lig h t a n d  e lec trochem ica l 
b a tte ry  system s.42

H is n o teb o o k s fo r  th e  last th re e  m o n th s  o f  1878 a n d  h is ea rly  e lectric- 
ligh t p a te n ts  su p p o r t  th e  co n c lu sio n  th a t h is b o n a n z a s  w ere  th e  d u ra b le  
f ilam en t a n d  para lle l c ircu itry . H e  h a d  d ec id e d  even  e a r lie r  to  u se  a p la t
in u m  f ila m e n t. ,s E arly in O c to b e r  h e  was e x p e r im e n tin g  w ith  a p la tin u m  
filam en t a n d  a th e rm o s ta tic  dev ice  to  cool th e  p la tin u m  b e fo re  it fu sed . A t 
th e  sam e lim e, h e  h a d  in m in d  a pa ra lle l c irc u it.44 H e  a p p lie d  fo r  a p a te n t 
on  a p la tin u m  filam en t w ith a th e rm o s ta tic  r e g u la to r  o n  5 O c to b e r  1878 
a n d  was g ra n te d  th e  p a te n t  (no. 2 14 ,636) on  22 A p ril 1879 .45 E d iso n ’s 
n o teb o o k s  a n d  p a te n ts  s u g g est th a t th e  in v e n tio n  o f  a th e rm o s ta tic  re g u la to r  
and  th e  parallel c ircuit w ere inextricably linked  because th e  reg u la to r briefly 
in te r ru p te d  th e  flow  o f  c u r r e n t  to  cool th e  fi la m e n t a n d  b ecause , if  th e  
lam p s h a d  b e e n  w ired  in series, all th e  lam p s w o u ld  h av e  b een  e x tin g u ish e d  
w h en  th e  re g u la to r  o f  an y  o n e  o f  th e m  o p e ra te d .  T h u s  th e  in te ra c tio n  o f  
c o m p o n e n ts  se rv ed  as th e  s tim u lu s  fo r  in v e n tio n .46

W ith  th e ir  inven tive  ideas, E dison  a n d  his associates e m b a rk e d  on  th e  
lo n g  a n d  ted io u s  re sea rch  a n d  e x p e r im e n ta tio n  th a t was n e e d e d  to  dev e lo p  
th e ir  g e n e ra l n o tio n s  in to  prac tica l dev ices. N o t all o f  E d iso n ’s e x p e r im e n ts  
involved  physical a p p a ra tu s . M any w ere  sim p ly  ca lcu la tio n s; by u s in g  d a ta  
availab le  in th e  techn ica l lite ra tu re  a n d  e le m e n ta ry  sc ience, su ch  as O h m ’s 
law, E d ison  a n d  his s ta ff  cou ld  a n tic ip a te  p h e n o m e n a .  B ecau se  th e  sim p le  
circu it e q u a tio n s  a n d  econom ic  ca lcu la tio n s u sed  w ere  q u a n tita tiv e , th e  
e x p e rim e n ts , bo th  physical a n d  sym bolic, w ere  e c o n o lech n ica l ( th o u g h  E d i
son  a n d  his a ssistan ts w ould  n ev e r  have e m p lo y e d  such  ja rg o n ).

Edison  a n n o u n c e d  his b ra in ch ild  p re m a tu re ly , w ith fa n fa re , in th e  New  
York Sun  o n  20 O c to b e r  1878. H e  to ld  re p o r te r s  o f  his p lan s  fo r  u n d e r 
g ro u n d  d is trib u tio n  in m ains  fro m  cen tra lly  lo ca ted  g e n e ra to rs  in th e  g re a t 
cities; p re d ic te d  th a t his e lec tric  ligh t w ould  be b ro u g h t in to  p r iv a te  houses 
a n d  su b s titu ted  lo r  gas b u rn e rs  at a low er cost; a n d  co n fid e n tly  asse rted  
th a t his c en tra l sta tio n  "(w ould  fu rn ish ]  ligh t to  all h o u ses  w ith in  a circle

A rthur A. Bright, Jr ., 7 he Electric-ljimp Industry: Technological Change and Economic De
velopment from 1800 In 1947 (New York: Macmillan, 1949). pp. 39-40.

11 Conol, Streak of Luck. p. 120; Bright, Eleclnc-Lamp Industry, p. 46; G eorge F. Barker to 
Edison, 22 Novem ber 1878, EA.

«  Frank L. Pope, Modem Practice of the Electric Telegraph (New York: Van N ostrand. 1877). 
p. 153; Edwin H ouston, A Dictionary of Electoral Words. Terms, and Phrases (New York: Johnston. 
1888), p- 131: M em orandum  in Jehl to Upton. 22 April 1913. p. 8. H am m er Collection.

”  Charles Stowell to Edison. 31 May 1878. EA
«  Drawing labeled "Caveat no. 4" and dated 8 O ctober 1878, EA
"B r ig h t. Electric-Lamp Industry, pp. 61-64; and Jehl. Reminiscences. I: 235-36.

Edison also saw the possibility o f using a shunt circuit for each lamp lo make the lamps 
independent. Robert I riedel, personal communication. I March 1982.
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o f  h a lf  a m ile ." H e  sp o k e  n o t on ly  o f  his incan d escen t lam p  but o f  o th e r  
env isaged  c o m p o n e n ts  o f  h is system , such  as m eters , d y n am o s, a n d  d is tr i
b u tio n  m ains. In  fact, h e  h a d  n o  g e n e ra to r , n o  practical in can d escen t lam p , 
m u ch  less a d ev e lo p ed  system  o f  d is tr ib u tio n — th ese  w ere  at least a year 
away. H e  d id  how ever, have th e  co n cep t. As he w ro te  in p riv a te  to  an  
associate,

I have the right principle and am on the right track, but time, hard work and 
some good luck are necessary too. It has been ju st so in all o f my inventions.
T he first step is an intuition, and comes with a burst, then difficulties arise—this 
th ing gives out and (it is] then that 'Dugs’—as such little faults and difficulties 
are called—show themselves and m onths o f intense watching, study and labor 
are requisite before commercial success or failure is certainly reached .41

O th e rs  a lso r e p o r te d  in 1878 th a t E dison  h ad  ideas fo r  a lam p  a n d  for 
a p ara lle l w iring  system  as well as a g en e ra l o u tlin e  fo r his p ro jec t. F rancis 
J e h l,  w ho jo in e d  E d ison  as a lab o ra to ry  a ssistan t early  in 1879 a n d  who 
la te r  p u b lish ed  rem in iscen ces o f  th e  M enlo  P ark  days, believed  th a t in 
O c to b e r  1878— tw elve m o n th s  b e fo re  th e  co n s tru c tio n  o f  a prac tica l in can 
de sc e n t lam p  a n d  th e  a n n o u n c e m e n t o f  his basic g e n e ra to r  d es ig n — “E di
son h ad  h is p lan s fig u re d  o u t, as a g re a t g en e ra l fig u res  o u t his battle  
s tra teg y  b e fo re  th e  firs t c an n o n  is f ire d .”48 T h e  key to  E d iso n ’s success, 
a cco rd in g  to  J e h l,  “lay in his ea rly  vision, fa r  in ad v an ce  o f  rea liza tio n .”43

A ssum ing  th a t  E d ison  was th in k in g  system atically  h e lps  ex p la in  why he 
soon  d ire c te d  h is a tte n tio n  aw ay fro m  th e  d u rab ility  o f  th e  f ilam en t to  a 
co m b in a tio n  o f  d u ra b ility  a n d  h ig h  resistance . Analysis o f  system  costs led 
h im  to  id en tify  th e  n eed  fo r  a h ig h -re sis tan ce  filam en t. U ltim ately  this 
becam e th e  critical p ro b lem  a n d  th e  essence  o f  his lam p  as a p a ten tab le  
in v en tio n . It is n o t c lea r w h en  th e  search  fo r  h igh  resis tance  b eg an , b u t in 
a 1926 essay th a t has b een  a ttr ib u te d  lo  h im , Edison  s ta ted  th a t in th e  fall 
o f  1878 h e  e x p e r im e n te d  w ith ca rb o n  filam en ts, th e  m a jo r p ro b lem  o f  
w hich was th e ir  low resis tance . As h e  e x p la in ed  it, “ In  a lig h tin g  system  
th e  c u r r e n t  re q u ire d  to  ligh t th em  in g re a t n u m b e rs  w ould  necessita te  such 
la rg e  c o p p e r  c o n d u c to rs  fo r  m ains, etc., th a t th e  in v estm en t w ould  be 
proh ib itiv e  a n d  abso lu te ly  u n co m m erc ia l. In  o th e r  w ords, an  a p p a re n tly  
re m o te  c o n s id e ra tio n  (the  a m o u n t o f  c o p p e r  u sed  fo r  co n d u c to rs), was 
really  th e  com m erc ia l c ru x  o f  th e  p ro b le m .”50 F u r th e r  ev idence  fo r th e  
d a tin g  o f  h is h igh -re sis tan ce  c o n cep t is his s ta tem en t th a t “ab o u t D ecem ber 
1878 I e n g a g e d  as m y m a th em a tic ian  a y o u n g  m an  n am ed  Francis R. 
U p to n . . . . O u r  fig u re s  p ro v ed  th a t an  e lectric  lam p  m ust have at least 100

Edison lo Puskas, 13 November 1878, EA.
|chl, Reminiscences, I: 216.

40Ibid.. p. 217.
‘"T hom as A. Edison, “Beginnings o f llie Incandescent Lamp and Lighting System" 

(typescript), p. 4. EA. T he typescript is dated 1926 and identified as an item sent lo Henry 
Ford at his request; it should be used cautiously, however, because by 1926 Edison and his 
patent lawyers had organized history with their own priorities in mind. Also, it follows in 
many ways the account o f the incandescent lamp given in the authorized biography o f Edison; 
see Dyer and Martin, Edison, I: 234-66. T he 1926 typescript was written with the help o f W. 
I I. Meadowcroft, who later collaborated with Dyer and Martin in the publication o f the 1929 
edition of the Edison biography. I am indebted to Robert G. Koolakian for this information.
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o h m s resis tan ce  to  c o m p e te  com m erc ia lly  w ith g a s .’’51 E d ison  sa id  th a t he  
th e n  tr ie d  v a rio u s m eta ls , in c lu d in g  p la tin u m , in o r d e r  lo  o b ta in  a filam en t 
o f  h ig h  resis tan ce , a n d  th a t h e  c o n tin u e d  a lo n g  th ese  lines u n til a b o u t A pril 
1879, w hen  h e  d e v e lo p e d  a p la tin u m  f ilam en t o f  g re a t p ro m ise  b ecau se  
th e  o cc lu d ed  gases h a d  b een  d r iv e n  o u t  o f  it, th e re b y  in c re a s in g  its in fu - 
sibility. In  h is Reminiscences, J c h l  m a in ta in s  th a t E d iso n  w a n te d  a h ig h - 
re s is tan ce  la m p  as ea r ly  as O c to b e r  1878, a n d  th a t h e  h a d  re a c h e d  th is 
co n c lu sio n  by th in k in g  th ro u g h  h is en v isa g e d  system  o f  e lec tric  lig h tin g .52 
J e h l  also  s ta les  lh a l  by a p p ly in g  J o u le ’s a n d  O h m ’s laws, E d iso n  a r r iv e d  at 
th e  essen tia ls  o f  his system .

E d iso n  seem s to  h av e  b e e n  re f in in g  h is in v en tiv e  id eas  fo r  c o m p o n e n ts  
a n d  h is m o re  g e n e ra l id eas  fo r  a system  th ro u g h o u t  th e  fall o f  1878 (see 
Fig. I I .5). H is ea rly  e m p h a s is  o n  th e  d u ra b le  filam en t a n d  p a ra lle l w iring  
was specific , b u t h is n o tio n  o f  a system  invo lv in g  g e n e ra to rs ,  lam p s, a n d  
d is tr ib u tio n  fro m  a c e n tra l  s ta tio n  was v ague . H e  p ro b a b ly  firs t conce ived  
o f  it as a n  a n a lo g u e  o f  cen lra l-s ta tio n , illu m in a tin g  gas su p p ly . E x p e ri
m e n tin g  w ith  filam en ts  a n d  c a lcu la tin g  costs fro m  ava ilab le  d a ta  a b o u t 
ex is tin g  g e n e ra to r  a n d  a rc - lig h t sy stem s a llow ed  h im , a n d  th e n  U p to n , to  
in tro d u c e  th e  costs in to  th e  system . T h is  p e rsp e c tiv e  re v e a le d  th a t  a  d u ra b le  
f ila m e n t a n d  p a ra lle l w irin g  m ig h t y ield  a te ch n ica lly  w o rk ab le  system , b u t 
n o t a n  econom ica lly  feasib le  o n e . As a re su lt  o f  a sy stem atic  analysis o f  
te ch n ica l a n d  eco n o m ic  fac to rs , th e  h ig h -re s is ta n c e  fi la m e n t th e n  e m e rg e d  
as th e  c ritical p ro b le m . J o u le 's  a n d  O h m ’s laws, e q u a tio n s  th a t a r e  co n s id 
e re d  s im p le  to d ay , w ere  o f  g re a t v a lu e  to  th e  in v e n to rs , fo r  th ey  allow ed 
th e  c h a rac te r is tic s  o f  th e  c o m p o n e n ts  to  b e  in tro d u c e d  as v a riab les  a n d  
re la te d  system atically . T h e  e ffec t o f  an  in te n d e d  c h a n g e  in  o n e  variab le  
(co m p o n e n t)  o n  o th e r  v a riab les  (c o m p o n e n ts )  co u ld  be a n tic ip a te d , a n d  
ac tu a l e x p e r im e n ts  w ou ld  test th e  a ssu m p tio n s  a n d  p re d ic tio n s .

J e h l ’s s tress  o n  th e  im p o rta n c e  o f  O h m ’s law , a n d  item s in  th e  la b o ra to ry  
no teb o o k s  a n d  se c o n d a ry  l i te ra tu re , su g g est m o re  ab o u t th e  n a tu re  o f  E d i
so n ’s re a so n in g  a n d  lh a l o f  his ass is tan ts , especially  F ran c is  U p to n .53 As

M Edison, "Beginnings," p. 5. U pton slated that Edison had high resistance in m ind when 
U pton jo ined  Edison's staff; see Francis R. U pton's 1018 speech to Edison Pioneers, item X - 
E G 285-I3, folder labeled "Biographical— U pton. Francis," EA.

" C o n tra ry  to his recollection, however, Jeh l tlid not come to Menlo Park until the end of 
February 1879, "at the earliest." Paul B. Israel, 16 February 1082, personal communication 
(see note 30 above). T here fo re , Jch l's statem ent should be taken as secondhand evidence.

” Jeh l (Reminiscences. 1; 362-63 and 2: 852-54) stresses Edison's reliance upon O hm 's law. 
T he  stress suggested a clue to Edison's reasoning. In a reference often used at Menlo Park 
(the essay "Electricity" in thc Encyclopaedia Britan men. Olh cd. |1878). p. 41). O hm 's law is 
staled as R = E/C (resistance equals e lectromotive force divided by current). In a misleadingly 
tilled article, H arold O. Passer argues cogently that Edison's reasoning was as Jch l suggested 
("Electrical Science and the Early Development o f the Electrical M anufacturing Industry in 
the U nited Stales," Annals of Science 7 |I 9 5 I |:  382—92). Passer offers no evidence, however, 
from the notebooks or o ther original Edison sources. Passer similarly discusses Edison's rea
soning and concepts in Electrical Manufacturers (pp. 82, 84. and 89). Dyer and M artin's Edison 
(I: 244-60), parallels the m em orandum  attributed to Edison in 1926. Jo se p h so n 'sEdison (pp. 
193-204, 211-220) stresses Edison's use o f O hnt's law but does not note the im portance of 
Edison's having used O hm 's law in conjunction with Joule 's law in o rder to conceptualize his 
system. Joscphson also dates Edison's ru st high-resistance lamp as January  1879 (a platinum 
filament), but gives no source Tor the statement (ibid., p. 199): nor docs he provide a source 
for the statement that Edison came to the idea for high resistance in a "flash o f  inspiration"
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Figure U.S. Creation of the Edison system, Menlo Park. From Leslie's Weekly ( IH80). as reproduced in Forty Years ol 
Edison Service. 1882-1922 (New York: Press of the New York Edison Co.. 1922), faring p. 21
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n o te d , E d ison  a n d  U p to n  saw th a t th e  cost o f  c o p p e r , especially  th a t w hich 
d e p e n d e d  o n  th e  c ross-sec tiona l a re a  a n d  th e  len g th  o f  th e  co n d u c to rs , was 
a m a jo r  v ariab le  in th e  ov era ll cost e q u a tio n . L a rg e  a n d  lo n g  co n d u c to rs  
w o idd  raise  th e  p rice  o f  e lec tric  ligh t above th a t o f  gas. T o  k eep  co n d u c to r  
le n g th  d o w n , E d ison  so u g h t a den se ly  p o p u la te d  c o n su m e r a rea ; to  keep  
th e  c ross-sec tiona l a re a  sm all, he  h a d  to  rea so n  f u r th e r ,  u sin g  th e  laws o f  
O h m  a n d  Jo u le .  T h e  n o teb o o k s  show  th a t E d ison  a n d  U p to n  u sed  J o u le ’s 
law (h e a t o r  e n e rg y  =  c u r r e n t2 x  re sis tan ce  =  vo ltage  x  c u r re n t)  to  
ca lcu la te  th e  a m o u n t  o f  e n e rg y  th a t w ou ld  be e x p e n d e d  by th e  in can d escen t 
f ila m e n ts .54 T h e y  also  u sed  an  a d a p ta tio n  o f  th a t law to  show  e n e rg y  loss 
in  th e  c o n d u c to rs . E n e rg y  loss was tak en  to  be p ro p o r tio n a l to  th e  c u r r e n t2 
tim es th e  le n g th  o f  th e  c o n d u c to r  tim es a co n s ta n t d e p e n d e n t  u p o n  th e  
qu a lity  o f  th e  c o p p e r  u sed , all d iv id e d  by th e  cross-sec tiona l a re a  o f  the  
c o n d u c to r  (en e rg y  loss p ro p o r tio n a l to  C 2La/S).55 T h e  fo rm u la  po sed  an  
e n ig m a , fo r  if  E d ison  in c rea sed  th e  c ross  sec tion  o f  th e  c o p p e r  c o n d u c to rs  
to  re d u c e  loss in  d is tr ib u tio n , he  w ou ld  in c rease  c o p p e r  costs, w hich  was 
to  be a v o id ed . O bv iously , a t ra d e -o ff , to  u se th e  ja rg o n  o f  th e  e n g in e e r in g  
p ro fe s s io n , was in  o r d e r .T h e r e  w as, h o w ev e r, a n o th e r  v ariab le— th e  c u r 
re n t— to  c o n s id e r . I f  c u r r e n t  co u ld  be r e d u c e d ,  th e n  th e  cross-sectional 
a re a  o f  th e  c o n d u c to rs  n e e d  n o t be so la rg e . B u t c u r r e n t  was n e e d e d  to 
lig h t th e  in c a n d e sc e n ts , so how  was o n e  to  re d u c e  it?

T o  so lve th e  d ile m m a , E d ison  a n d  U p to n  c o u ld  h ave  re a so n e d  as follows. 
W a n tin g  to  re d u c e  th e  c u r r e n t  in o rd e r  to  low er c o n d u c to r  losses, they  
rea lized  th a t  th ey  co u ld  c o m p e n sa te  a n d  m a in ta in  th e  level o f  e n e rg y  tra n s 
fe r  to  th e  lam p s  by ra is in g  th e  vo ltage  p ro p o r tio n a te ly  (H  =  C x  V). T h e n  
th ey  b ro u g h t  O h m ’s law in to  p lay  (re s is tan ce  eq u a ls  v o ltag e  d iv id ed  by 
c u r re n t) .  I t was a e u re k a  m o m e n t, fo r  th ey  rea lized  th a t by in c rea s in g  th e  
re s is tan ce  o f  th e  in c a n d e sc e n t- la m p  f ilam en t th ey  w o u ld  ra ise  th e  vo ltage 
in r e la tio n sh ip  to  ih e  c u r r e n t .  (R esis tance  was th e  va lue  o f  th e  ra tio .)  T h u s  
b eg an  th e  tim e -c o n su m in g  sea rch  fo r  m a te r ia l su itab le  fo r  a h ig h -re s is tan ce  
filam en t. T h e  n o ta b le  in v e n tio n  was th is  logical d e d u c tio n ; th e  filam en t 
was a h u n t- a n d - lry  a ffa ir .

E d iso n ’s re a so n in g  can  be i l lu s tra te d  w ith  a sim p le  e x a m p le  u s in g  a p 
p ro x im a te , r o u n d e d - o f f  values. In  1879 h e  o b ta in e d  a c a rb o n iz e d -p a p e r  
filam en t,w h o se  re s is tan ce  r a n g e d  fro m  130 o h m s  co ld  to  a b o u t 7 0 -8 0  ohm s 
h e a te d .5p In  o r d e r  to  a rr iv e  at a la m p  w hose c a n d le p o w e r was equ iv a len t 
to  th a t o f  gas, h e  fo u n d ,  th is  f ilam en t w ou ld  r e q u ire — in p re se n t-d a y  u n its—

after 8 Septem ber 1878 (ibid., p. 194). Bright's FJectric-Lamp Industry does not o ffer any 
additional in form ation on the way in which Edison conceived o f his system. Jeh l's Reminiscences 
rem ains the most suggestive published source, despite the book's lack o f o rganization; see I: 
214-15 , 243-45 , 255-5« , and 2: 8 2 0 -2 1. 852-54.

M Menlo Park N otebook no. 3 (21 N ovemlier 1878), p. 107, and N otebook no. 9 (15 
Decem ber 1878-10 March 1879), p. 41, contain some o f the many early entries involving
O hm 's law. In N otebook no. 6. pp. I I ff.. Joule 's law is m entioned; the dates in this notebook
(4 Decem ber 1878-30 January  1879, indicate that Edison was using Joule 's law early in his 
electric lighting project. In Notebook no. 10 (December 1878-January 1879), the word “Joule" 
is jolted down w here the equation I I = C*R is used.

" 'M en lo  Park Notebook no. 12, pp. 174-76.
“  Menlo Park N otebook no. 52 (31 July 1879). p. 229; the entry  is dated 15 December

1879.
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th e  eq u iv a len t o f  a b o u t 100 w atts. T h is  m e a n t th a t th e  p ro d u c t o f  th e  vo ltage 
across th e  lam p  a n d  th e  c u r r e n t  m u s t eq u a l 100 w atts. S ince th e  resistance  
was 100 o h m s, th e  c u r r e n t  h a d  to  be 1 a m p , fo r  ac c o rd in g  lo  J o u le ’s law 
th e  h e a t e n e rg y  was eq u a l to  th e  p ro d u c t o f  C 2 a n d  th e  resis tan ce  (100  = 
C 2 x  100; C  =  1). I t  th e n  fo llow ed th a t th e  vo ltage  m u s t be 100 in  o rd e r  
to  fu lfill th e  e n e rg y  n e e d  (H  =  C  x  V; V =  100/1 =  100). T h e re fo re ,  
th e  a p p ro x im a te  spec ifica tions o f  th e  lam ps in  E d iso n ’s system  in to d ay ’s 
te rm in o lo g y  w ere  100 w atts, 100 volts, 1 am p , a n d  100 o h m s.57

A n o th e r  possib le  e x p la n a tio n  fo r  th e  decision  to  seek  h ig h  resis tance , 
a n d  a c o m p le m e n ta ry  o n e , was th e  sea rch  fo r a p la tin u m  filam en t w ith  a 
sm all su rfa c e  o f  ra d ia tio n . T h e  objective was to  m a in ta in  th e  in can d escen t 
m a te ria l o f  th e  filam en t a t a h ig h  te m p e ra tu re  w ith a low e x p e n d itu re  o f  
e n e rg y . T o  d o  th is E d ison  sh a p e d  th e  filam en t in to  a sp ira l, th e re b y  re 
d u c in g  th e  ra d ia tin g  su rface  as well as th e  size o f  th e  fila m e n t.58 T h e  
e x p e r im e n ta tio n  w ith sm all su rfaces o f  ra d ia tio n  re su lte d  in  h ig h e r-re s is t
ance  filam en ts . W ith  F ranc is U p to n ’s h e lp , E d ison  co u ld  th e n  have  a sce r
ta in ed  th e  e ffec t o f  h ig h e r  resis tan ce  o n  th e  e n tire  c ircu it. T h e y  cou ld  have 
se ren d ip ito u s ly  d isco v e red  th e  ad v an tag es  o f  h ig h  resis tance .

T h e  fu n d s  ra ised  in  p a r t  by L ow rey  fo r  p e rso n n e l a n d  e q u ip m e n t a llow ed 
th e  s im u lta n e o u s  in v en tio n  a n d  d e v e lo p m e n t o f  o th e r  c o m p o n e n ts  o f  th e  
system  besides th e  in can d escen t lam p . U p to n , fo r  in stance , was especially  
active in th e  d es ig n  a n d  c o n s tru c tio n  o f  an  a p p ro p r ia te  g e n e ra to r . T h e  
g en era to rs  o n  th e  m ark e t— fo r instance, th e  S iem ens, Wallace, a n d  G ram m e—  
w ere  d e s ig n e d  fo r  a rc  ligh ts w ired  in series. A n e tw o rk  o f  f e e d e r  w ires a n d  
d is tr ib u tio n  m ain s fo r  th e  d is trib u tio n  n e tw o rk  also rece ived  co n sid erab le  
a tte n tio n . T h e  in v en tiv e  ideas  e m b o d ie d  in th e  v arious versions o f  the  
c o m p o n e n ts  o f  th e  system  re su lte d  in  a la rg e  fam ily o f  p a ten ts  covering  
th e  E dison  system .

In  th e  fall o f  1879, a b o u t th e  sam e tim e th a t E d ison  a n d  his assistan ts 
o b ta in e d  a filam en t w ith  th e  h ig h  re sis tan ce  a n d  d u rab ility  d e s ired , M enlo 
P ark  a n n o u n c e d  im pressive  p ro g re ss  in  th e  d esig n  o f  an  incan d escen t-lam p  
g e n e ra to r . O n  18 O c to b e r  1879 Scientific American  c a rr ie d  an  artic le— u n 
sig n ed , b u t w ritten  by U p to n — d esc rib in g  th e  g e n e ra to r . In  co n tra s t to  th e  
ea r lie r ,  h ig h -re s is tan ce  g e n e ra to rs  o f  o th e r  in v en to rs , th e  E dison  g e n e ra to r  
h ad  low in te rn a l re s is tan ce . T h e  a r tic le  c la im ed  th a t it w ould  ob ta in  n early  
d o u b le  th e  fo o t-p o u n d s  o f  en e rg y  fro m  th e  sam e in p u t th a t e a r lie r  g e n 
e ra to rs  h a d  ach iev ed , o r  an  effic iency  o f  9 0  p e rc e n t. A lth o u g h  o rig in a l in 
te rm s  o f  th e  specifics th a t w ere  d e s ig n e d  fo r  th e  in can d escen t system , th e  
g e n e ra to r  was b ased  o n  e x p e rim e n ts  d o n e  a t M enlo  P ark  w ith th e  g en e r-

!'7 In January  1881 Edison conducted an economy test o f the electric lighting system installed 
at Menlo Park to dem onstrate its practicability. This was a prelude to his installation o f a full- 
size system at the Pearl Street station in New York City in 1882. In the test he used two lamp 
sizes, 16 c.p.and 8 c.p. T he  16-c.p. lamp depended on an electromotive force o f 104.25 volts 
and a resistance o f 114 ohms; therefore, the current in the 16-c.p. lamp was .9 amps. See C. 
L. Clarke. "An Economy Test o f the Edison Electric Light at Menlo Park, 1881." dated 7 
February 1881, and published for the first time in Committee on St. Louis Exposition of 
Association o f Edison Illuminating Companies, Edisonia: A Brief History of the Early Edison 
Electric Lighting System (New York: Association of Edison Illuminating Companies, 1904), pp. 
166-78.

■’* Derganc, "Edison and His Electric Lighting System," pp. 55-56.
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a io rs  o f  G ram m e, W allace, a n d  o th e rs . In  fact, th e  pub lic ity  fo r  th e  E dison  
g e n e ra to r  ex a g g e ra te d  its exce llen ce  c o m p a re d  w ith o th e r  in v e n to rs ’ g e n 
e ra to rs . The Edison  g e n e ra to r  was d e s ig n e d  fo r  a system  o f  in can d escen t 
lam ps co n n ec ted  in para lle l a n d , th e re fo re ,  a system  w ith low resistance. 
It co rrec tly  h ad  a low in te rn a l re s is tan ce  to  m a tch  th e  low e x te rn a l resist
ance. T o  c o m p a re  it w ith  a h ig h -re s is tan ce  a rc -lig h t g e n e ra to r  d e s ig n e d  fo r  
a system  o f  a rc -lig h ts  c o n n e c te d  in se ries, h o w ev er, was n o t a p p ro p r ia te . 
T h e  E dison  g e n e ra to r  was n o t d e s ig n e d  fo r  a rc  ligh ts  in series. Still, th e  
c laim s m ad e  ab o u t th e  g e n e ra to r  ex c ited  m u ch  p ro fe ss io n a l a n d  public  
reac tio n , as was usua lly  th e  case w ith  th e  w ell-pub lic ized  E d iso n  in v en tio n s, 
a n d  E d ison  sh o u ld  be  g iven  c re d it  fo r  s ee in g  th e  n eed  to  d e s ig n  c o m p o n e n ts  
system atically  in re la tio n sh ip  to  o th e rs  in th e  system — a t ru th  o th e r  in v en 
to rs  fa iled  to  g ra s p .59

B eliev ing  la te  in 1879 th a t th e  essen tia l d e s ig n  o f  th e  in ca n d e sc e n t lam p  
a n d  g e n e ra to r  w ou ld  p ro v e  p rac tica l, E d iso n  a n d  h is associates sh ifted  th e ir  
em p h as is  to  d e v e lo p m e n t o f  th e  c o m p o n e n ts  a n d  th e  system . T h is  m ean t 
in c reased  s tress  on  eco n o m ic  fac to rs . As ea rly  as 1880 th e y  w ere  ca lcu la tin g  
th e  cost o f  a ce n tra l  s ta tio n  o f  10 ,000 lam p s, possib ly  in  a n tic ip a tio n  o f  th e  
p la n n e d  ce n tra l  s ta tio n  fo r  N ew  Y ork  C ity ’s P ea rl S tre e t.  T h e y  h a d  e x p e r 
im e n te d  e n o u g h  to  es tim a te  th a t 1 h .p . fro m  a s team  e n g in e  a n d  g e n e ra to r  
co u ld  su p p ly  e ig h t 16-c.p. lam ps. T h e r e f o r e  th ey  n e e d e d  a b o u t 1,200 h .p . 
fo r th e ir  system . T h e  ca lcu la tio n s th a t fo llow ed  th is  a ssu m p tio n  involved  
fixed  cap ita l, o p e ra tin g  ex p en ses , a n d  o th e r  costs (see Fig. 11.6). Finally, 
assu m in g  th a t  th e  10,000 lam p s w o u ld  be u se d  five h o u rs  o u t  o f  every  
tw e n ty -fo u r , a n d  k n o w in g  w hat gas c o m p a n ie s  c h a rg e d  fo r  five h o u rs  o f  
e q u iv a le n t ligh t, they  ca lcu la ted  th e  su rp lu s  in co m e  o f  a n  e lec tric  u tility  
c h a rg in g  th e  sam e p rice  fo r ligh t. E d iso n  a n d  th e  p a re n t  E d ison  co m p an y  
h o ld in g  th e  p a te n ts  w ou ld  rece ive  p a y m e n t f ro m  a su rp lu s  in co m e  o f  
$ 9 0 ,8 8 6 .60

As d e v e lo p m e n t p ro c e e d e d , E d ison  a d v a n c e d  th e  level o f  e x p e r im e n 
ta tio n  fro m  c o m p o n e n ts  to  lab o ra to ry -sca le  m o d e ls  o f  th e  system  a n d  th en  
to  a sm all, p ilo t-scale  system  fo r  l ig h tin g  M en lo  P a rk  in  D ec e m b e r  1879. 
B ecause th e  c o m p o n e n ts  w ere  new  a n d  b ecau se  E d iso n  w an ted  to  co n tro l 
th e ir  m a n u fa c tu re , Low rey  assisted  in th e  fo rm a tio n  o f  s ev era l com p an ie s . 
E dison  h ad  to  d raw  heavily  o n  his ow n  re so u rc e s  to  fu n d  th e se  m a n u fa c 
tu r in g  c o m p an ie s . E d ison  a n d  Low rey  also fo u n d e d  a n  o p e ra t in g  co m p an y  
to  b u ild  a c e n tra l-s ta tio n  system  th a t w ou ld  b o th  fu n c tio n  com m erc ia lly  
an d  se rv e  as a d e m o n s tra tio n  fo r p o ten tia l f ra n c h ise  p u rc h a se rs .

1 h e  o rg a n iz a tio n  a n d  m a n a g e m e n t oT th e  c o m p a n ie s  fo rm e d  by Low rey 
an d  Edison  in co n n e c tio n  w ith th e  e lec tric  l ig h tin g  system  have  b een  de-

to r  (he reaction of die scientific community to Edison, Edison's inventions, and especially 
the claims m ade Tor the generator, see David I lounshcll. "Edison and the Pure Science Ideal 
in N ineteenth-Century America." Scientific American, February 1980, p. 614. More general 

ar,C,-ln i^ ZCl* - I en,1'-Iaccl*los Salomon, "Public Reactions to Science and Technology: 
T n  r  at'f* Soci,ll.M R ," c ,“ - ' n Science. Technology and the Human Prospect, ed. C. Starr 

and P. Rnterbush (New York: Pergamon Press. 1980). pp. 7 7 -9 3 .1 am indebted to Dr. Thomas 
unpson o t. Jo  in s College. Sante Fe, New Mexico, for his views in com paring arc-light 

and incandcsccnt-lamp generators.

nr, *7° r a t*'*cu**'on °* 'hi* cos, analysis, sec Hughes, "Electrification o f  A merica." pp. 133-
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Figure 11.6. Edison's tslimatr for a 
10.000-lamp central station. From Menlo 

Park Notebook no. 120 (1880). Courtesy of 
the Edison Archives. Edison National 

Historic Site, West Orange. N.J.

Capital InvrM incnl:

Pnw rr plant building
P o ilen  and  auxiliary equipm ent
Steam engine* anti dy n a m o '
Auxiliary eleitrica l equ ipm ent
O in d iic io n
Meter*

T otal
O perating  and O the r Expenses:

Labor (Dailv);
C hief eng inee r $ 3.00
Asiixtant eng ineer 3.00
W ilier 1.50
Principal firem an 2.25
A«ti*tant lircm an 1.75
C hief voltage regu la to r 2.25
A*»i*iani 'u llag e  regu la to r 1.75 
Two laborers 3.00

T otal $20.50
Labor (Annual)
O ther:

E xecutive wages (annual)
Rent, insurance  and  taxes
D epreciation
Coal (annual)

(S2.80>'ton; 3 # /h .p . hour:
5 hours daily: 1.200 h.p.)

O il. waste, a nd  w ater 
Lam ps (30.000 at 35c e ad i)

T ota l
E stim ated M inim um  Incom e from  10.C

Depreciation

$  8.500 2<Z $ 170
30.180 I0T 3.018
48.000 1.440

2,000 2% 40
57.000 2% 1.140

5.000 5% 250

$150,680 $6,058

$ 7.482

$ 4.000 
7.000 
6.058 
8.212

2.737
10.500

$45,989
Installed Lamps $136,875

Expenses -  45.989

$ 90.886

scribed  well e lsew h ere .61 H e re  it is im p o r ta n t to  s tress th a t th e  p ris tin e  
c h a ra c te r  o f  th e  c o m p a n ie s  m an ife s ted  E d iso n ’s d e te rm in a tio n  to  c rea te  a 
c o h e re n t system . T h e  firs t c o m p an y — th e  E d ison  E lectric L ight C om pany  
(EELC )— was fo rm e d  on  15 O c to b e r  1878 essen tia lly  to  fu n d  E d iso n ’s in 
v en tio n , re sea rch , a n d  d e v e lo p m e n t p ro jec ts  a n d  to  b rin g  a r e tu rn  on  his 
in v estm en t th ro u g h  th e  sale o r  licensing  o f  p a te n ts  on  th e  system  th ro u g h 
o u t th e  w orld . T h e  E d ison  E lectric  I llu m in a tin g  C o m p an y  o f  New Y ork, a 
u tility , o r  o p e ra tin g , c o m p an y , was in c o rp o ra te d  in D ecem ber 1880 as a 
licensee o f  th e  p a re n t  E d ison  E lectric  L ig h t C o m p an y . U n d e r  E d ison ’s 
p e rso n a l su p e rv is io n , th e  EE1C w ould  b u ild  th e  c en tra l g e n e ra tin g  sta tion  
on  P earl S tre e t in New Y ork  C ity w hich began  com m erc ia l o p e ra tio n  in 
S e p te m b e r  1882. In  1881 E d ison  also estab lished  in New Y ork C ity th e  
E dison  M ach ine  W orks lo  b u ild  dy n am o s a n d  th e  E dison  E lectric T u b e  
C o m p an y  to  m a n u fa c tu re  u n d e rg ro u n d  co n d u c to rs . T h e  Edison  L am p  
W orks, o rg a n iz e d  in 1880, tu rn e d  o u t incan d escen t lam ps in q u an tity  (see 
Fig. 11.7). E dison  also e n te re d  in to  a p a r tn e rsh ip  w ith S ig m u n d  B erg m an n , 
a fo rm e r  E dison  em ployee , to  set u p  a co m p an y  to  p ro d u c e  various acccs-

PaJier, Electrical Manufacturers.
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Figure 11.7. The mcandescentlamp factory, Menlo Park. 1880. part of the Edison manufacturing system. Executive staff (front row, I 
right); Philip Iher. William Hammer. Francis Upton, and James Hradley Courtesy of the Edison Archives. Edison National Historic site 
Orange. N.J.

sories. As e n g in e e r  a n d  m a n a g e r , E d ison  was th e  p ivo ta l f ig u re  in all o f  
th ese  co m p an ie s  d u r in g  th e  early  years , h u t fo r  h im  th e  focus a n d  th e  
co m m itm e n t re m a in e d  in v en tio n  (see Fig. 11.8).

1‘h e  h is to ry  o f  th e  d e s ig n  a n d  co n s tru c tio n  o f  th e  P earl S tre e t S ta tio n  o f  
th e  E dison  E lectric  Illu m in a tin g  C o m p a n y  has b een  to ld  by m an y .62 O n e  
especially  se rio u s  e n g in e e r in g  p ro b lem  e n c o u n te re d  in  th e  c o n s tru c tio n  o f  
th e  sta tio n  was th e  lay ing  d o w n  o f  th e  d is tr ib u tio n  system  u n d e rg ro u n d .  
As n o te d  ea r lie r ,  th e  cost o f  th e  d is tr ib u tio n  system  was a critica l p ro b lem

"’ O f the secondary works, Matthew Joscphsons Edison tells the story with unusual clarity 
and interest and includes an extensive bibliography o f articles about the historic station. T he 
F.dison Pioneers have recounted their experiences and o ther authors have celebrated the 
achievement on various anniversaries o f the station's opening. F.ssays by Edison's contem
poraries can be found, lor example, in the Association o f Edison Illum inating Companies' 
Edisonia. Especially valuable because of its extensive reprin ting  o f early source material and 
information on tbc Pearl Street station and the Edison Electric Illuminating Co. is Payson 
Jones's History of the Consolidated Edison System. I hc Consolidated Edison Co. o r  New York is 
a successor eomnanv to the EEIC.
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THif JDI90K 1LJCTRIC LICHT COMPANT
P.rmnt ot all Bdlaon alaotrlo light antarprlaaa. organlaad bp Oroaranor P. Lowrwy aa a aaanl «f fl nano Inf Thoua A. Idlaon'a lnaantton of a soaplata 
lnoandaaoaot alaotrlo light ayataa and of promoting Ita adoption throughout tha uorld. Incorporatad Oatobar IS. IS?#; oar gad ulth lta  own aubaldlarp 
Tho Bdlaan Oaponp For I ao la tad Lighting Daoaabar }1, 1886 to fora 'Rdlaon dlaetrlo Light C«p*np.' uhleh waa auaaaadad aa tha paront jdlaon antor- 
prlaa tap tba IDISON GiNgRAl gLSCTRIC COMPANT In 1889 “>d tha CMgRAL dLdCTRIC COUPAHY In 1892. Control of aubordlnato oonpanlaa ualntalnad bp Uaanaa 
aontraata or ig m — ta.___________________________________________________ _________________________________________________________

trl (Edison rlsctric illuwnatinc coup ant op nun
TOW. licanaao of tha parant Zdlaon llaatrle 
Light Capanp and bulldar or Nuu York Cltp'a 
planaar Paarl Struat Station. Poindad bp 
Thoaaa A. Sdlaon. Croaranor P. Lourap and othara. 
Inoorporatad Dooowbor 17. 1880| aantral otatlon 
aaralea atartad Saptaabar k. 1882. Pradaoaaaor 
af tha (eld) Haw York ddlaon Ccpanr and tha 
araaant Conaolldatad gdlaon Coapanp ef Naw Yirk.

THC dDYSON dLdCTRIC ILLUMINATINC COUP ANY OP 
BROOKLYN, a Uoenaae of tha parent gdlaon dlectrle 
Light Coapanp. Poiaidad bp Aduard H. Johnaon, 
Slgaind Bargaann and othar ddlaon plonaara. 
InaorporaUd Uarot 10. 1887; aantral atatlon aar- 
vloa atartad Saptaabar 2, 1889. Pradaaaaaor of 
tha praaant Brooklyn ddlaon Coapanp. Ina.. a 
aubaldlarp of tha Coneolldatad gdlaon Caapanp of 
Naa York. Ina.______________________ .________

0TH3R dDISON dLSCTRIC ILLUMINATING C0UPANIS8.
In aaap Aaarloan eltloa Sdlaon alaotrlo lllu- 
•lnatlng oaapanlae aara organllad aa llaanaaaa 
of tha parant ddlaon dlaatrla Light Coapanp. 
uhleh ounad tha patent rlghta to gdlaon'a alaa - 
trio  light inaantloia. In thla aap tha ddlaon 
eleetrlo light epetea apraad throughout tha 
United Statea.____________________________

ID I SON COMPANY FOR ISOLATED UCKTINC. a atoak 
aoatrallod aubaldlarp of tha original idleon 
dlaotrla Light Cspanp. organlaad In 1881. and 
aargod with tha parant aoapanp to fora 'gdlaon 
flaotrio Light Ceapanp' In 188Ž.____________

THd THOUAB A. RDI80N CONSTRUCTION OIPANTUINT. 
organliad bp Thaaaa A. ddlaon and aarged bp 
rba ddlaoa Caapanp Par Ieolatad Lighting prior 
to October 28. 188k.

THJ oDTSON MACKINJ UORRS. an lsad la ta  outgrowth 
or Thoaaa A. ddleon'a Menlo Park Machine Shop.
In 1881 oatabllehod at 10k coarok Street. Naw 
York Cltp and Manufacturer of Paarl Street'a 
world faoua idleon 'Jtabo* dpnaaoa - A prwrfosoo- 
eor of tha Ceneral dlaotrlc Caapanp.___________

THi ( iDISON) dLKCTHIC TUBA COMPANY. bS Naah- 
Ington Street. Naw York Cltp. aetabllehed bp 
Thaaaa A. Idleen In 1881. Bulldar of tha Paarl 
Street Spataa'a .»iderground oanductora. Uargad 
bp Tha ddlaon Machine Work. In 1886.__________

THd dDISON LAMP IORKS, eetabllehad at Manlo Park

Charlaa Batchelor and ddaard H. Johnaon, a ll of 
whoa Bare Paarl Street period dtreetore of tha 
flra t Naw York idloon Coapanp In tha following 
daeada. Operator of tha world'a f lra t lneandaa. 
cant electric leap faotorp at Manlo Park. In 
which ware produced tha baa boo rilaaant carbon 
laapo lighted bp tha Paarl Street Station in 1882. 
Inoorporatad aa tha gdlaon Leap Caapanp In 188k.
A predacaaaer of tha Canaral dloctrlc Coapanp.

BtRCMANN A COMPANY, fotndara of tna electric 
light eccoJoorleo manufacturing lnduatrp. datab- 
llanad at 108-llk gooatar Street. Naw York Cltp. 
aarlp In 1881. Original partnera rero Slgaind 
Brrgmann and ddward H. Johnaon. afterward joined

UNITdD dDISON MANUPACTURINC COMPANT. organllad In 
tha lata 1880‘a aa a aubaldlarp or tha three 
gdlaon manufacturing oaapanlea. gdlaon Uaohlna 
Norka. gdlaon Lwnp Coapanp and Bergmann a Cow pony.

Figure 11.8. Edison's manufacturing system. From Jones, History o f the Consolidated Edison System, p. 13. Courtesy o f the Consolidated 
Edison Co. of New York.

th a t E d ison  re co g n ized  early  in  th e  d e v e lo p m e n t o f  th e  system , a n d  thus, 
inven tive  ta le n t a n d  d e v e lo p m e n ta l skills w ere  heavily  invested  in th e  p ro b 
lem . S u b seq u en tly , o th e r  u tilities also fo u n d  th a t d is tr ib u tio n  an d  tra n s 
m ission w ere  p ro b lem s o f  th e  firs t o rd e r ,  th e  p o p u la r  a tten tio n  given  to 
lam ps a n d  g e n e ra to rs  n o tw ith s tan d in g . T h e  electrical n e tw o rk  is, a f te r  all, 
th e  essence  o f  th e  system .

E d ison 's u ltim a te  ob jective was lo  in tro d u c e  cen tra l-s ta tio n  supp ly . A 
c en tra l s ta tio n  w ou ld  d is tr ib u te  e lec tric  ligh t to  th e  public , in co n tra st to  
g e n e ra tin g  p lan ts , o r  iso lated  s ta tions, w hich w ould  be u sed  only  by th e ir  
ow ners . T h e  s team  boilers, s team  en g in es , g e n e ra to rs , a n d  aux ilia ry  e q u ip 
m e n t w ould  be h o u se d  in th e  s ta tio n  b u ild in g  itself; fro m  th e  cen tra l sta iion  
th e  d is tr ib u tio n  system  w ou ld , in th e  case o f  New Y ork C ity, fan ov er an  
a re a  o f  o n e  sq u a re  m ile. E dison  chose 257 Pearl S tree t, in th e  financial 
d is tric t, as th e  location  o f  th e  N ew  Y ork C ity sta tion . So located , th e  cen tra l 
sta tion  w ould  su p p ly  re s ta u ra n ts  a n d  shops th a t cou ld  a ffo rd  th e  new  light 
as a way o f  a ttra c tin g  cu s to m ers  a n d  w ould  illum ina te  w orkplaces a n d  
offices th a t cou ld  a ffo rd  it as an  u n u sua lly  effective ligh t w ithou t h aza rd o u s
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Figure 11.9. Thomas Edison, 1882. 
Courtesy of the Edison Archives. Edison 

National Historic Site. West Orange, N J .

a n d  n o x io u s  fum es. In  ih e  W all S tre e l d is tric t, th e  s ta tion  w ould also catch 
th e  a tte n tio n  o f  fin an c ie rs  a n d  th e  in vesting  public , p e rso n s w ho w ere 
n e e d e d  to  fu n d  E d ison  s ta tio n s  e lsew here .

In  1882 E d iso n  was in N ew  Y ork  su p e rv is in g  co n s tru c tio n  o f  the Pearl 
S tree t system . As c h ie f  e n g in e e r , h e  sp e n t long  h o u rs , w eek a f te r  week, 
n o t in  an  o ffice , b u t o u t  w ith th e  w o rk e rs  sw ea ting  in  th e  h o t su m m e r sun 
as th ey  w restled  w ith  th e  new  a n d  d ifficu lt task  o f  lay ing  th e  u n d e rg ro u n d  
cables fo r  th e  P ea rl S tre e t sta tio n . E d ison  d id  n o t s to p  a t superv is ion ; he 
w o rk ed  in  th e  d u g -o u t t re n c h e s  w ith th e  lab o re rs , re sp o n d in g  to  th e  m ost 
m in u te  p ro b le m s, m an y  o f  w hich a ro se  fro m  th e  d ifficu lties  o f  m a in ta in ing  
a d e q u a te  in su la tio n . O f te n  a f te r  a f ran tic  d ay  u n re g u la te d  by th e  clock, he 
w ou ld  s leep  fo r  on ly  a few  h o u rs  on  p iles o f  tu b es slacked  in th e  sta tion  
b u ild in g , h is b ed  p lace so f te n e d  only  by his o vercoa t. In v en tio n  co n tin u ed  
as p ro b le m s  a ro se  d u r in g  th e  d e v e lo p m e n t a n d  e n g in e e r in g  phases o f  con
s tru c tio n . E d iso n  a p p lie d  fo r 60  p a te n ts  in 1880, 89  p a te n ts  in 1881, and  
107 in  1882. M ost co v e red  in v en tio n s  p e r ta in in g  to  th e  electric  ligh ting  
system . O n ly  o n ce  ag a in  in  h is life tim e, in 1883, a year in w hich he app lied  
fo r  64 p a te n ts , w ou ld  th e  to ta l n u m b e r  o f  h is p a te n ts  reach  th e  level app lied  
fo r  d u r in g  th e  th r e e  years  he  d e d ic a te d  to  e lec tric  lig h tin g .63

O n  4 S e p te m b e r  1882 J o h n  W. L ieb , an  E d ison  e lec tric ian , th rew  the 
sw itch  th a t fed  c u r r e n t  f ro m  a J u m b o  g e n e ra to r  in th e  P earl S tree t sta tion  
to  th e  firs t o f  th e  lam p s  in sta lled  in th e  d is tric t. T h e  g e n e ra to rs  b o re  the 
n a m e  o f  th e  g re a t e le p h a n t b ro u g h t to  A m erica  by P. T . B a rn u m . Edison 
sw itch ed  o n  th e  lam p s  in 23 W all S tre e t,  th e  o ffices  o f  D rexe l, M organ  and  
C o m p a n y . T h e  sin g le  g e n e ra to r  was d r iv e n  by a d irec tly  co n n e c te d  P o rter- 
A lien  e n g in e  s u p p lie d  w ith s team  fro m  B abcock  8c W ilcox bo ile rs  (the  two 
c o m p o n e n ts  o f  th e  system  w hich  w ere  u n u su a l in th a t th ey  h ad  n o t been  
bu ilt by E d iso n ). In itia lly , on ly  a b o u t o n e - th ird  o f  th e  o n e -sq u a re -m ile  d is
tric t to  he  s u p p lie d  fro m  th e  s ta tio n  h a d  c u r r e n t  a n d  on ly  fo u r  h u n d re d  
lam p s  w ere  lit. In  p lace , bu t n o t o p e ra t in g  th e  firs t d ay , w ere five o th e r  
Ju m b o s , s team  eng ines , a n d  boilers. T h e  n o n c o n d en s in g  P orter-A llen  steam  
e n g in e s  w ere  r a te d  at 125 n o m in a l h .p .,  w eig h ed  ab o u t 6 ,5 0 0  p o u n d s , took 
s te a m  a t 120 p o u n d s  p e r  sq u a re  inch  o f  p re s su re , a n d  ra n  a t 350  revo lu tions 
p e r  m in u te . T h e y  w ere  d es ig n e d  to  ligh t tw elve h u n d re d  16-c.p. lam ps. 
W h en  co o led  w ith  an  a ir  b last, th e  m ach in es  c o u ld  su p p ly  850  am p s  at 
1 1 5 -1 2 0  volts. T h e  g e n e ra to rs  w e ig h ed  ab o u t seven  tim es m o re  th a n  the  
s te a m  e n g in e s  d r iv in g  th e m .

C o n tro l a n d  re g u la tio n , vital fu n c tio n s  in  th is a n d  su b se q u e n t supply  
system s, h av e  b een  o v e rlo o k e d  by m an y  h is to rian s , b u t th ey  w ere  n o t ov er
lo o k ed  by E d iso n  a n d  his assoc ia tes (see Fig. 11.10). V o ltage  re g u la tio n  was 
o b ta in e d  by in s e r t in g  a n d  re m o v in g  re sis tan ce  fro m  th e  fie ld  c ircu it o f  the  
g e n e ra to rs .  A n  a u to m a tic  in d ic a to r  u tiliz in g  an  e le c tro m a g n e t co n nec ted  
ac ro ss  th e  m a in  c ircu it in d ic a te d  th e  vo ltage  level. I f  th e  v o ltage  was w ithin 
o n e  o r  tw o volts o f  th e  d e s ire d  a m o u n t, th e  in d ic a to r  a rm , th e  a rm a tu re  
o f  th e  e le c tro m a g n e t,  re m a in e d  in  a n e u tra l  p o sitio n  in  b a lance  betw een  
th e  pu ll o f  th e  e le c tro m a g n e t a n d  th e  p u ll o f  a d e lica te ly  a d ju s te d  sp ring . 
I f  th e  lin e  vo ltag e  ro se , th e  a r m a tu re  w ou ld  sw ing  u n d e r  th e  in flu en ce  o f

®5 A rth u r E. Kcnnelly, "T hom as Edison," in N ational Academy o f  Sciences, Biographical 
Memoirs (W ashington, D.C., 1943), p. 301.
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th e  s tro n g e r  m ag n etic  field  to w ard  th e  e lec tro m ag n e t a n d  close a con tac t, 
th e reb y  lig h tin g  a re d  lam p; if  th e  line vo ltage d ro p p e d ,  th e  a ttra c tio n  o f  
th e  e le c tro m a g n e t w eak en ed  a n d  th e  sp r in g  ex e r te d  th e  g r e a te r  pu ll, cau s
ing  th e  a rm a tu re  to  rev e rse  its sw ing  a n d  to  close th e  low -side co n tac ts  a n d  
ligh t a b lu e  lam p . T h e  a t te n d a n t  acco rd ing ly  tu rn e d  a h an d w h ee l to  co n tro l 
th e  a m o u n t o f  fie ld  res is tan ce . T o  devise  such  a c o n tro l to  m atch  o u tp u t  
a n d  load  was s im p le  fo r  E d ison , fo r e lec tro m ag n e tic  devices, like relays, 
w ere  th e  essence  o f  th e  te le g ra p h  h e  knew  so well.64

E d iso n 's  s ta tio n  was n o ted  fo r  its h a n d lin g  o f  m ateria l a n d  fo r  its eco 
nom ica l e n g in e e r in g . A n u n in te r ru p te d  flow  o f  m a te ria l a n d  e n e rg y  w ould  
la te r  ch a ra c te r iz e  p o w e r p la n t en g in e e r in g . A 2 0 -h .p . e n g in e  d ro v e  a screw  
co n v ey o r fo r  l if tin g  coal f ro m  th e  vau lt u n d e r  th e  b u ild in g  to  a position  
above th e  b o ile rs  w h e re  th e  coal d ro p p e d  by grav ity  in to  th e  s toke  ho le  o f  
th e  bo iler. A n o th e r  screw  c o n v ey o r took  ashes f ro m  b e n e a th  th e  g ra te s  a n d  
d isc h a rg e d  th em  in to  a c o n ta in e r  u n d e r  th e  sidew alk. T h e  e x h a u s t from  
th e  s team  e n g in e s  passed  th ro u g h  feed -w a te r h e a te rs  a n d  th e n  in to  th e  
a tm o sp h e re ; a fan  fo rced  c o m b u s tio n  a ir  in to  th e  fu rn a c e  a n d  coo ling  a ir  
o n to  th e  g e n e ra to r  c o m m u ta to r . U n d e r  full headw ay , th e  fo u r  b o ilers, ra ted  
a t 240  h .p . each , w ou ld  co n su m e  a b o u t five to n s o f  coal a n d  11,500 gallons 
o f  w a te r p e r  d ay  (see Fig. I I . 11).

In itia lly , th e  m ost se rio u s  p ro b lem  a ro se  w hen  two g e n e ra to r  sets w ere 
co n n e c te d  in  pa ra lle l. T h e  g o v e rn o rs  o f  th e  tw o s team  e n g in es  b egan  to 
h u n t,  f irs t c u ttin g  o f f  a n d  th e n  p ro v id in g  s team  fo r full pow er. E dison 
fo u n d  an  in g e n io u s  m ean s  o f  te m p o ra r ily  c o rre c tin g  th e  an om aly  by m e
chanically  co n n e c tin g  th e  g o v e rn o rs  o f  th e  s team  en g ines . In  N o v em b er 
1882, h ow ever, tw o A rm in g to n  & Sim s e n g in es  w ere su b s titu ted  fo r  the  
P o rte r-A llen  en g in e s , a n d  w h en  th e se  o p e ra te d  successfully  w ith g e n e ra to rs  
co n n e c te d  in p a ra lle l, all o f  th e  P o rte r-A lien  e n g in es  w ere  rep laced . It is 
in te re s tin g  to  n o te  th a t th is d ifficu lty  involved  a c o m p o n e n t th a t was no t 
d e s ig n ed  a n d  b u ilt by E d ison  fo r  th e  system .

C o u n tle ss  o th e r  p ro b lem s p la g u e d  th e  s ta tio n  d u r in g  th e  b reak ing -in  
p e r io d . C u r re n t  le ak ed  fro m  co n d u c to rs  a n d  ju n c tio n  boxes u n d e r  the  
s tree ts . In  a d d itio n , th e re  w ere  fires fro m  fau lty  w iring. Slowly, how ever, 
serv ice  in c reased . O n  1 O c to b e r  1882, a few w eeks a f te r  serv ice  began , 
w iring  was in p lace fo r  1,626 lam ps in th e  d is tric t a n d  1,284 w ere in use; 
o n  1 O c to b e r  th e  fo llow ing  y ea r th e re  was w iring  fo r 11,555 lam ps a n d  
8 ,573  w ere in use. T h e  P earl S tree t sta tio n  re m a in e d  in  serv ice un til 2 
J a n u a ry  1890, w h en  a d isa s tro u s  fire  sh u t do w n  th e  o rig in a l system . T h e n , 
o n  12 J a n u a ry  o f  th a t year, a re c o n s tru c te d  s ta tio n  b egan  su p p ly in g  c u r re n t 
from  P earl S tree t. O n  1 A pril 1894 th e  s ta tion  was re tire d  a n d  th e  bu ild in g  
was so ld . T h e n  on ly  a p laq u e  m a rk e d  th e  h isto ric  site w h e re  Edison  d e m 
o n s tra te d  so effectively  his system  fo r g e n e ra tin g , con tro llin g , d is trib u tin g , 
m easu rin g , a n d  u tiliz ing  electric ity  fo r  ligh ting .

I f  th e  P earl S tre e t s ta tion  h ad  n o t b een  p a r t  o f  a business as well as a 
techno log ical system , how ever, it m ig h t n o t have su rv ived  un til th e  fire  o f  
1890. A s im ila r s ta tion  in L o n d o n  was a b a n d o n e d  several years a f te r  its 
f o u n d in g , fo r  financial a n d  political reasons (see pp . 5 5 -6 2  below). T h e

®4This account o f the station and its equipment is based in part on Hughes. Thomas F.duon, 
pp. 29-36.
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Figure I I .10. Wiring system for the Pearl 
Street central station. From Association of 

Edison Illuminating Companies, 
Edisonia. p. 70.
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Figure 11.11. Pearl Street station, 1882: Engineering drawings. From Association of Edison Illuminating Companies, Edisonia, p. 64.
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P earl S tree t sta tio n  an ti th e  E dison  E lectric Illu m in a tin g  C o m p an y  (EEIC.) 
w ere su s ta in ed  no t on ly  because  o f  th e  cap ita l invested  in th e  p lan t and  
th e  c o m p an y  but a lso b ecause  d ie  o th e r  co m p an ie s  ol (lie E dison system  
d e p e n d e d  011 th em  as show pieces  a n d  in d u cem en ts  fo r o th e rs  to p u n  base 
E d ison  fran ch ises  a n d  Edison  eq u ip m e n t, d 'liis  p a rt o f  th e  early  Edison 
h is to ry  is ra re ly  m en tio n e d  in (he Edison  lo re; Edison  a n d  his associates 
w ere re lu c ta n t to  re lease  any  d e ta iled  o p e ra tin g  fig u res  at th e  tim e .,,r> 1 lie 
an n u a l re p o r ts  o f  th e  p a re n t Edison  E lectric Eight C o m p an y  a n d  c o r r e 
sp o n d e n c e  now  availab le , how ever, p ro v id e  ev idence  o f  th e  F.EIC’s neat 
co llapse.

T h e  E E IC  d id  no t ch a rg e  cu s to m ers  fo r  electric ity  in 1882 a n d  show ed 
a loss o f  o v e r $ 1 2 ,0 0 0  fo r th e  first tw o q u a r te rs  o f  1883, follow ed by a net 
loss fo r  th e  y ea r.61’ In  1885 th e  co m p an y  r e p o r te d  a net incom e o f  6  p ercen t 
011 its c ap ita l in v estm en t o f  $8 2 8 ,8 0 0  a n d  d e c la re d  a 4 p e rcen t d iv id en d  
T h e  la tte r m ay have lieen in ten d ed  to en co u rag e  investors, w ho w ere needed  
fo r th e  c o n s tru c tio n  o f  a new  c e n tra l s ta tion  u p tow n . 1 lie co m p an y  p re 
d ic ted  th a t th e  new  sta tio n  w ould  be m o re  p ro fitab le  because  the  new er 
Edison  th re e -w ire  d is tr ib u tio n  system  w ould  low er costs substan tia lly  and  
b ecause th e  load  in th e  new  d is tric t w ould  be m o re  evenly  d is tr ib u te d  to 
ac co m m o d a te  use a t all h o u rs  o f  th e  day  o r  n igh t. T h e  re la tio n sh ip  betw een  
reg u la rity  o f  load  a n d  p e r-u n it  cost (load factor) h ad  been  recogn ized  as a 
critical p ro b lem .

N ev erth e less , E d ison  e n c o u n te re d  d ifficu lties  in fu n d in g  th e  ex p ansion . 
T h e  Edison E lectric Light C om pany, the  o w ner o f  o n e -q u a rte r o f  the EF.IC’s 
o p e ra tin g  stock, a p p ro p r ia te d  $ 171,200 o f  th is stock as a tru s t fu n d  to assist 
in ra is in g  fu n d s . D esp ite  th is, th e  p ro m ise  o f  la rg e r  p ro fits  from  th e  new 
sta tion , a n d  th e  f u r th e r  in d u c e m e n t o f  a 20 p e rc e n t bo n u s on  th e  new 
ex p an s io n  stock to  E E IC  s to ck h o ld e rs , th e  co m p an y  still e x p e r ien ced  d if 
ficulties. A p r iv a te  canvassing  o f  s to ck h o ld e rs  revea led  th a t n o t o n e -ten th  
o f  th e  m illion  a n d  a h a lf  d o lla rs  a u th o riz e d  cou ld  be raised  from  this source. 
T h e  p ro m in e n t f in an c ie r  H e n ry  V illard , an  in v esto r in E dison stock who 
was th e n  re s id in g  in his na tive  G e rm an y  a f te r  a reverse  o f  his A m erican  
fo r tu n e s , h e a rd  fro m  his A m erican  c o rre sp o n d e n t th a t in fo rm e d  op in io n  
was d isg u s ted  w ith th e  e n tire  E dison  business a n d  believed  tha t Edison 
officials w ere g e ttin g  rich  at th e  ex p e n se  o r  E E IC  s to ckho lders . V illard 's 
co r re sp o n d e n t adv ised  h im  to ig n o re  th e  rosy, vague p rom ises  o f  th e  co m 
p a n y ’s o ffic ia ls a n d  n o t to  p u rc h a se  th e  e x p an s io n  stock. Faced by the 
ap a th y  o f  such  s to ck h o ld e rs , th e  co m p an y  th en  fo rm ed  a g u a ra n te e  syn 
d ica te  w ith th e  p ro m ise  o f  p ro f it fo r  synd ica te  p a rtic ip an ts  in th e  fo rm  o f 
a la rge  b o n u s  o f  E E IC  stock. N ew s o f  th is v en tu re  was passed  011 to V illard 
in F eb ru a ry  1886 with th e  advice (hat he  no t " touch  it w ith a ten -loo t 
p o le .”07 Finally, a "D rexe l M organ  Synd ica te"  w ith heavy investm en ts  in 
th c  E dison system  “[squeezed] o u t som e m oney so m ew h ere ."08

•“ Sec p. 71 below.
•“ Edison Electric Light Co.. Annual Report, 188J (New York: EEIC. IH84); and Edison 

Electric Illuminating Co., Annual Report, I88J  (New York: EEIC. IH8(i).
•’, C. A. Spoflord to Henry Villard, 12 January, 18 January, 25 January, and 2(i February 

1886, Box 124. Villard Papers, Harvard University Library. Cambridge, Mass
""Spofford lo Villard, 26 February 1886, Villard Pa|>ors.
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N ot on ly  su rv iv in g  b u t e x p a n d in g ,  th e  EE1C. a critica l c o m p o n e n t of 
E d iso n ’s system , seem s to  h av e  s tim u la te d  th e  sale  o f  E d iso n  fran ch ise s  by 
th e  p a re n t  co m p a n y  a n d  o f  e q u ip m e n t  by th e  m a n u fa c tu r in g  co m p an ie s . 
T h e  sale  o f  f ra n c h ise s  in  m a jo r  cities p ro c e e d e d  b risk ly  a t th e  sam e tim e  
th a t,  b e h in d  th e  scen es, E d iso n ’s b ack e rs  w ere  h av in g  d ifficu lty  fin an c in g  
th e ir  sho w p iece . By 1888, la rg e  E d iso n  c o m p a n ie s  o r  u tilitie s  w e re  lo ca ted  
in D e tro it,  M ich ig an ; N ew  O r le a n s ,  L o u is ia n a ; St. P au l, M in n eso ta ; C h i
cago, Illinois; P h ilade lph ia , Pennsy lvan ia; a n d  B rook lyn , N ew  Y ork . A broad , 
c e n tra l  l ig h tin g  s ta tio n s  h a d  b e e n  e s ta b lish e d  in  M ilan  a n d  B e rlin . In  1890 
th e  N ew  Y ork  u tility  r e p o r te d  d ra m a tic  g ro w th  s in ce  1888: th e  n u m b e r  of 
its c u s to m e rs  h a d  r is e n  f ro m  7 1 0  to  1 ,698; th e  n u m b e r  o f  la m p s  (16  c .p .) 
u sed  h a d  in c re a se d  f ro m  16 ,377  to  6 4 ,1 7 4 ; a n d  th e  c o m p a n y ’s n e t e a rn in g s  
h a d  n e a r ly  d o u b le d ,  ju m p in g  fro m  $ 1 1 6 ,2 3 5  to  $ 2 2 9 ,0 7 8 .69 In d ic a tiv e  of 
th e  a p p ro a c h  o f  a new  e ra  o f  e le c tr ic  p o w e r, in  1889  th e  c o m p a n y  re p o r te d  
th e  firs t “m o to r lo a d ” (4 7 0  h .p .) .

“ Edison Electric Illuminating Co.. Annual Report, IH90. (New York: EEIC. 1891).
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Edison’s System 
Abroad: Technology 
Transfer

DlSONand his associates in v en ted , d e v e lo p ed , a n d  in tro d u c e d  in to  use
at th e  P earl S tree t s ta tio n  an  electric  ligh tin g  syslem  tha t was desig n ed  

fo r  llie  N ew Y ork C ity site. T h e  tech no logy  o f  th e  Edison  cen tra l-s ta tio n  
system  in c o rp o ra te d  bo th  th e  n a tu ra l g e o g ra p h y  (coal a n d  w ater supply) 
a n d  th e  h u m a n  g e o g ra p h y  (load o r  d e m a n d ) o f  N ew Y ork City. In  a d d itio n , 
Edison , Low rey , a n d  o th e rs  took  ad v an tag e  o f  th e  financial re so u rces and  
o rg an iza tio n a l fo rm s  th a t w ere availab le  in New Y ork City. T h e  legislative, 
o r  reg u la to ry , c o n s tra in ts  o f  N ew  Y ork little tro u b le d  th e  inn o v a to rs  once 
they  o b ta in ed  a f ran ch ise  fro m  city council. T h e  Edison techno logy  also 
m an ife sted  th e  ex p e rie n c e  a n d  skills o f  c ra f tsm en  an d  ap p lie rs  ol science 
w ho h ad  b een  d ra w n  m ostly  fro m  th e  native an d  im m ig ran t pop u la tio n s 
o f  New Y ork C ity a n d  th e  in d u s tria l N o rth eas t. T h u s , w ithou t a rticu la tin g  
th e  in te n t to  d o  so, E dison  a n d  his associates de sig n ed  a site-specilic te c h 
nology. U n d o u b ted ly , how ever, they  believed  tha t a syslem  desig n ed  for 
N ew Y ork C ity w ould  fun c tio n  well in th e  o th e r  g rea t cities ol th e  W estern

In  fact, th e  Edison  in te re s ts  w ere no t c o n ten t to  in tro d u c e  th e  technology  
in New Y ork C ity o r  even  to  lim it it to  th e  u rb a n  c en te rs  o f  th e  U n ited  
S tates. E dison a n d  his associates also actively en g ag ed  in th e  d iffu sio n  and  
t ra n s fe r  o f  th e ir  c e n ira l-s ia lio n  techno logy  to  o th e r  A m erican  cities an d  to 
th e  cities o f  E u ro p e . T h e  h is to ry  o f  th e  t ra n s fe r  o f  Edison 's system  to 
L ondon  a n d  Berlin is instructive, fo r it reveals d iffe ren t m odes o f  technology 
t ra n s fe r  a n d  th e  fa te  o f  a site-specific  techno logy  in two new env iro n m en ts .

G ro sv en o r P. Low rey p ro m o te d  th e  E dison e n te rp r ise s  not only in the  
U n ited  S lates b u t in E n g lan d  a n d  on  th e  C o n tin en t as well. 11 is activities 
p ro v id e  an  o u ts ta n d in g  e x am p le  o f  m odes o f  techno logy  tra n sfe r , l.ow rey 's 
associates, m em b ers  o f  th e  g rea t b a n k in g  an d  investm en t ho u se  o f  D rexel. 
M organ  an d  C o m p an y , h ad  th e  financial resou rces , th e  fo re ign  contacts, 
a n d  th e  o rg an iza tio n a l w herew itha l to  m ove techno logy  across na tiona l 
b o u n d a rie s . F rom  th e  sta rt o f  th e  E dison e lectric  ligh ting  pro jec t, Lowrey 
an tic ip a ted  th e  business tha t could  be dev e lo p ed  a b ro ad . In O c to b e r IH7H 
he to ld  E dison th a t th e  way to  fulfill his d re a m  o l bu ild in g  a w ork ing  
lab o ra to ry  "such as th e  w orld  n eed ed  a n d  had  never seen"  was to sell

w orld.
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patents, includ ing  foreign  o n e s .' It was n o t un u su a l in th e  1870s fo r A m ericans 
to  look a b ro a d  Tor fin an c in g  a n d  fo r  a m a jo r  m a rk e t fo r  th e ir  techno logy . 
B e fo re  th e  in v en tio n  o f  his e lec tric  lig h tin g  system , fo r in stance , Edison 
had  p ro m o ters  rep re sen tin g  his te leg rap h  a n d  te lep h o n e  pa ten ts  in England  
an d  on  th e  C o n tin e n t.2

For th e  te le p h o n e  p a te n ts , E d iso n ’s re p re se n ta tiv e s  w ere  C o lone l G eo rg e  
E. G o u ra u d  in E n g lan d  a n d  T h e o d o re  P uskas in Paris. P uskas also h a n d le d  
E d iso n ’s p h o n o g ra p h  b usiness  in Paris. G o u ra u d ,  a t r a n s p la n te d  A m erican  
o f  th e  “b o o m e r” type, o f te n  re p re s e n te d  A m erican  b a n k e rs  in L o n d o n  a n d  
had  va luable  co n tac ts  am o n g  B ritish  cap ita lis ts ; P uskas, a n a tive  o f  B u d a 
pest, was know n  a m o n g  in v e n to rs  as th e  firs t to  su g g es t a te le p h o n e  ex 
c h a n g e .3 A fte r  Low rey  a n d  E d ison  a g re e d  th a t  D rex e l, M o rg an  a n d  C o m 
pany  should  d ispose o f  Edison’s inventions in E n g lan d  a n d  E urope , how ever, 
G o u ra u d ’s a n d  P uskas’s call u p o n  E dison  becau se  o f  e a r lie r  serv ices becam e 
aw kw ard .

W h en  E d ison  first believed  he h ad  s tru c k  a b o n a n z a  by so lv ing  th e  p ro b 
lem  o f  su b d iv id in g  th e  e lec tric  ligh t, h e  c o n fid e d  in P uskas a n d  G o u ra u d . 
H e  p ro m ised  G o u ra u d  th a t he  w ou ld  be “c o u n te d  in ,” ev en  th o u g h  the 
ligh t was b e in g  d ev e lo p ed  w ith th e  eco n o m ic  s u p p o r t  o f  f in an c ie rs  whose 
in te re s ts  w ould  have to  be tak en  in to  a cco u n t in  m a k in g  su ch  an  a r r a n g e 
m en t.'' G o u ra u d  en thusiastica lly  in fo rm e d  E d ison  th a t new s o f  h is d iscovery  
h ad  sp re a d  th ro u g h o u t  th e  B ritish  p re ss  a n d  c o n s titu te d  th e  best, as well 
as free , public ity . G o u ra u d  saw  m o re  th a n  a m illion  p o u n d s  “tre m b lin g  in 
th e  b a lan ce ,” p o u n d s  th a t co u ld  com e d o w n  o n  E d iso n ’s s ide  if  th e  facts of 
his inv en tio n  w ere m ad e  know n  in d e ta il; th e re  was n o  lim e  like th e  p re sen t 
to  lau n ch  a g re a t E dison  c o m p an y  in E n g la n d . F u r th e rm o re ,  h e  re p o rte d , 
th e  scien tific  c o m m u n ity  w ailed  fo r m o re  new s as eag e rly  as d id  th e  fin 
anc ie rs /’

A fte r  c o m m u n ica tin g  th e  new s o f  th e  subd iv is io n  b o n a n z a  to  G o u ra u d  
a n d  Puskas w ith th e  u n m is tak ab le  im p lica tio n  th a t th ey  w ou ld  be b en e fi
ciaries, Edison  gave G ro sv c n o r  L ow rey  th e  p o w er o f  a tto rn e y  to  sell his 
financial in te rest in th e  e lec tric  light in G re a t B rita in . H e  a u th o r iz e d  Lowrey 
to  select a su itab le  b a n k in g  h o u se  w ith c o r re s p o n d e n ts  in E n g lan d  a n d  to 
fo rm  a p a r tn e rs h ip  b e tw een  E d ison  a n d  (he  b a n k e rs  fo r  th e  p u rp o se  o f  
tak in g  o u t p a ten ts , o rg a n iz in g  ex h ib itio n s  o f  th e  in v en tio n s , a n d  d isposing  
o f  th e  righ ts. E dison  was to  receive o n e  h a lf  o f  th e  ne t p ro ceed s : Low rey 
a n d  th e  b an k in g  h o u se  th e  o th e r . E d ison  took  pa in s , h o w ev er, to  a d d  that 
he  e x p ec ted  L ow rey to  satisfy “any  re a so n a b le  cla im s m a d e  by C olonel 
G o u ra u d  fo r any  services w hich he m ay have r e n d e re d ,  d e s ir in g  you to  be

G. I . I.owrcy to Edison. 10 October 1878, Edison Archives, Edison Nationnl Historic Site, 
West O range, N.J. (hereafter cited as EA).

For a recent account o r the Edison telegraph and telephone in England, sec Robert Conot. 
A Streak of Luck: The Life and Legend of Thomas Alva Edison (New York: Seaview Books. 1979). 
" P  P,1!;;’ /  ' 1 ‘,r>-47- Sec :,lso Matthew josephson , Edison: A Biography (New York: McGraw-
lhll, I9 j9). pp^ 102-3. 1*19-35; and Frank L. Dyer and T hom as C. M artin. Edison: His Life 
and Inventions, 3rd ed.. 2 vols. (New York: H arper & Bros.. 1930). 1: 1*18-52.

Josephson. Edison, p. 1*19; Dyer and Marlin. Edison. I: 179.

14 O ctober’|878 ' e a ^ ’ ”  Sepleml,er an<l 5 ° <,obe' IH7«* and Edison to G. E. G ouraud. 

5 Gouraud to Edison, 24 O ctober 1878. EA
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n o t on ly  just to  h im , b u t to  save m e fro m  any  fa ir co u rse  o f  co m p la in t by 
him : th is is to  be tre a te d  as o n e  o f  th e  e x p en ses.

E d ison  also w ro te  to  P uskas, ex p re s s in g  “g rea t delicacy" in in fo rm in g  
h im  ab o u t th e  a r ra n g e m e n ts  th a t w ould  be m a d e  fo r th e  E u ro p e a n  business. 
E x p la in in g  th a t h e  h ad  tu rn e d  to  " fr ie n d s"  in A m erica  fo r a la rg e  sum  to 
d ev e lo p  th e  in v en tio n , E d ison  rev ea led  th a t they  h ad  im m ed ia te ly  ra ised  
th e  q u e s tio n  o f  his E u ro p e a n  p a ten ts . H e  h ad  to ld  th e m  ab o u t his a g re e 
m en ts  w ith P uskas fo r  te le p h o n e  a n d  p h o n o g ra p h  business. T h e y  w an ted  
th e  r ig h ts  to  d isp o se  o f  th e  e lec tric  l ig h tin g  p a te n ts  in E u ro p e , but w ere 
w illing to  d iscuss w ith P uskas his ac tin g  as th e ir  ag en t in all E u ro p e a n  
c o u n tr ie s  e x c e p t Italy; th e re , a c c o rd in g  to  E gisto  F abbri, th e  M o rg an  p a r t 
n e r , F a b b ri’s b r o th e r ’s firm , M essrs. Fabb ri 8c C h au n ccy  o f  N ew Y ork, 
w ou ld  be th e  m o s t e ffec tiv e  a g e n t. E d ison  a t te m p te d  to  conso le  Puskas by 
p re d ic tin g  th a t w hile  D rex e l, M o rg an  a n d  C o m p a n y  w ould  have g en e ra l 
contro l ov e r p ro m otiona l m aile rs  a n d  negotia tions, Puskas's incom e as agent, 
th o u g h  a re d u c e d  sh a re , w ou ld  actua lly  be la rg e r .7

L ow rey  h a d  p e rs u a d e d  E d ison  th a t th e  A m erican  b a n k in g  h o u se  a n d  its 
o verseas  p a r tn e r s  co u ld  tr a n s fe r  E d iso n ’s te ch n o lo g y  m o re  effectively  th an  
“C o n tin e n ta l p eo p le ,"  especially  th o se  in Paris. F ro m  his a n d  his associates’ 
ex p e rie n c e , L ow rey  h ad  c o n c lu d e d  “th a t A m erican s a re  th e  hon este st a n d  
m ost s tra ig h tfo rw a rd , as well as th e  best h e a r te d  p eo p le  in th e  w o rld ."  T h e  
E nglish , h e  b e lieved , “a re  n e x t.” In  Paris, L ow rey re p o r te d ,  " [ th e re ] was 
n o  c h ican e ry  o r  tr ick  c o n s id e re d  to  be b e n e a th  a g re a t b a n k e r .” T h e re fo re ,  
he  u rg e d , E d ison  sh o u ld  be r e p re s e n te d  by a s tro n g  A m erican  b a n k in g  
h o u se  th a t was c ap ab le  o f  d ea lin g  w ith c h ican e ry  a n d  tricks. F u r th e rm o re , 
s ince th e  o ffices  o f  D rex e l, M o rg an  a n d  C o m p an y  w ere on ly  tw enty  m iles 
fro m  M enlo  P ark , E d iso n  co u ld  re m o n s tra te  qu ick ly  if  his a ffa irs  w ere not 
h a n d le d  to  his lik ing . In  ad d itio n , D rexe l, M o rg an  a n d  C o m p a n y ’s B ritish 
a n d  E u ro p e a n  n e tw o rk  co u ld  effec tive ly  ex h ib it th e  E dison  system  in L on
d o n , Paris, V ien n a , B erlin , a n d  e lsew h ere  in E u ro p e  in o rd e r  to  draw  
a tte n tio n  to  th e  tech n o lo g y  a n d  to  d isp o se  o f  th e  p a te n t righ ts. T h e  b an k ers , 
w ith th e ir  h igh ly  d e v e lo p e d  n e g o tia tin g  skills, cou ld  d e f in e  th e  best a r 
ra n g e m e n ts , so m e tim es  se lling  p a te n ts  o u tr ig h t,  o th e r  lim es re se rv in g  p a r 
tial in te re s t in th em . L ow rey  a d d e d  th a t h e  w an ted  Puskas to  settle  for, 
p e rh a p s , 10 p e rc e n t as a n  a g e n t, un less  Puskas was ab le  lo  ra ise  $50 ,000  
o r  m o re  in cash  to  invest in  E d iso n ’s d ev e lo p m e n t o f  th e  e lec tric  ligh t. The 
A m erican  b a n k e rs , w hom  L ow rey  ch a ra c te r iz e d  as “a new  class o f  m en "  in 
E d iso n ’s ex p e rie n c e , w ere n o t, it seem s, p re p a re d  to  invest m o re  m oney  
fo r d e v e lo p m e n t un til m o re  p ro g re ss  h ad  b een  m ad e  at M enlo  Park , d e sp ite  
th e  “h ig h es t co n fid e n c e  in y o u r  [E d ison 's] ability  a n d  respec t fo r yo u r 
c h a ra c te r .”8 T h e re fo re ,  P u sk as’s cash  cou ld  a lte r  th e  a rra n g e m e n ts .

T h e  k ind  o f  tech n o lo g y  t ra n s fe r  a g re e m e n t tha t th e  b an k e rs  w ere ready  
to  n eg o tia te  w ith th e  in v e n to r  is revea led  in a d o c u m e n t o f  31 D ecem ber 
1878 s ig n ed  by E d ison ; D rexe l, M o rg an  a n d  C o m p an y ; Egisto  Fabbri; a n d  
Low rcy. Fabb ri a n d  L ow rey s ig n ed  as tru s te e s .” T h e  h an k in g  h o u se  ag re e d

“ Edison to Lowrcy. 29 October, 1878, EA.
7 Edison to Puskits, 13 November 1878, EA.
"Lowrcy to Edison, 10 December 1878, EA.
“ A greement o f 31 Dcccmlicr 1878, EA.
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to  a id  E d ison  in o b ta in in g  e lec tric  lig h tin g , po w er, a n d  h e a lin g  p a ten ts  in 
G re a t B rita in , I re la n d ,  a n d  p o r tio n s  o f  th e  d o m in io n s  a n d  to  m an ag e  an d  
ex h ib it th e  in v en tio n s  d e sc r ib e d  in th e  p a ten ts . D rexe l, M o rg an  a n d  C om 
p an y  was to  re im b u rse  E d iso n  fo r p r io r  e x p e n se s  in tak in g  o u t British 
pa te n ts  a n d  to  d e fe n d  th e se  a n d  p a te n ts  fo r  in v en tio n s  in th e  sub jec t a rea  
ov e r  th e  n ex t five years  (1879—83). E d ison  a g re e d  to  tu rn  o v e r to  the  
tru s te e s  title  to  all o f  th e se  p a te n ts  so th a t th e  tru s te e s  co u ld  assign  them  
as d ire c te d  by D rexe l, M o rg a n  a n d  C o m p an y . I f  a f te r  th re e  years D rexel, 
M o rg an  a n d  C o m p a n y  h a d  n o t d isp o sed  o f  th e  p rin c ip a l p a ten ts , Edison 
co u ld  se rv e  no tice  d e m a n d in g  th e ir  r e tu r n  to  h im  a t th e  e n d  o f  six m onths. 
E x p en ses  a r is in g  fro m  o b ta in in g  a n d  d isp o s in g  o f  th e  p a ten ts , as well as 
th e  cost o f  ex h ib itin g  th e  in v en tio n s , w ou ld  be d e d u c te d  fro m  th e  incom e 
o f  th e  jo in t  e n te rp r is e  b e fo re  th e  p ro f its  w e re  d iv id ed  be tw een  E d ison  and  
th e  b a n k in g  h o u se . P ay m en ts  to  Low rey , G o u ra u d ,  P uskas, o r  o th e r  f in an 
cial ag e n ts  a n d  associates w ou ld  be m a d e  by D rexe l, M o rg an  a n d  C om pany , 
p re su m a b ly  becau se  th e  a g e n ts  w ou ld  re lieve  th e  co m p a n y  o f  som e o f  the 
re sp o n sib ilitie s  ass ig n ed  to  it by th e  a g re e m e n t.

D rex e l. M o rg a n  a n d  C o m p a n y  d id  use th e  in te rn a tio n a l ex h ib itio n s e f
fectively. In  so d o in g , th ey  u p h e ld  a t ra d itio n  es tab lish ed  in 1851, w hen 
C y ru s  M cC orm ick  show ed  his re a p e r  a n d  S am u e l C oll ex h ib ited  his re 
vo lver to  g re a t a d v a n ta g e  a t th e  G re a t E x h ib itio n  in  th e  C rystal Palace, the 
firs t in  a se rie s  o f  m a jo r  in te rn a tio n a l te ch n o lo g ica l a n d  in d u s tr ia l ex h i
b it io n s .10 A lth o u g h  it was p re se n te d  o n  a sm a lle r  scale th a n  th e  o th e r  
in te rn a tio n a l in d u s tr ia l  ex h ib itio n s , th e  In te rn a t io n a l  E lectrical E xhib ition  
o f  1881 in P aris d re w  th e  a tte n tio n  o f  E u ro p e a n  scien tists, e n g in e e rs , in 
v en to rs , f in an c ie rs , a n d  e n tr e p re n e u r s  to  e lec trica l tech n o lo g y , especially 
e lec tric  l ig h tin g , a n d  E d ison  a n d  h is associates u sed  th is  o p p o r tu n ity  to 
g re a t a d v a n ta g e  (see Fig. II1 .1).

A. P. T r o t te r ,  a le a d in g  B ritish  e lec trica l e n g in e e r ,  w ro te  th a t “electrical 
e n g in e e r in g  was b o rn  at th e  . . . (Paris] E xh ib itio n  . . . , a lusty ch ild  o f 
sc ience  a n d  m a c h in e ry .” 11 T h e  B ritish  jo u rn a l  E n g m m in g -ju d g e d  th e  four- 
m o n th  ex h ib itio n  as “lite ra lly  b rillian t"  a n d  as a p o w e rfu l a ttra c tio n  not 
o n ly  fo r  te ch n ica l a n d  sc ien tific  visito rs b u t fo r  th e  p ub lic  as well. P rofes
siona ls  w ere  d ra w n  to g e th e r  fo r th e  first lim e  by th e  in te rn a tio n a l congress 
fo r  e lec tric ian s  th a t was h e ld  d u r in g  th e  ex h ib itio n . A lto g e th e r , th e re  were 
a t least fifty  d if f e r e n t  d isp lays o f  a rc  a n d  in c a n d e sc e n t lig h tin g , includ ing  
th e  in c a n d e sc e n t lam p s o f  S w an, L an e-F o x , M axim , a n d  E d iso n .12

10 O n international exhibitions o f technology and industry, sec Kenneth W. Luckhurst, The 
Story of Exhibitions (London: Studio Publications, 1951). On the Crystal Palace exhibition of 
18 5 1 as a microcosm o f technology and social reaction at mid-century, see T hom as P. Hughes, 
"Industry  through  the Crystal Palace" (Ph.D. diss., University o f Virginia. 1953). Following 
the Paris exhibition o f  1881, there  were electrical exhibitions in M unich (1882), Vienna (1883). 
and Philadelphia (1884). On the Philadelphia exhibition, see Jane  Mork Gibson. “T he Inter
national Electrical Exhibition o f 1884," IEEE Transactions on Education E-23 (1980): 169-76.

11 A. P. T ro tter , "Early Days o f the Electrical Industry and O ther Reminiscences" (typescript 
at the library of the Institution o f Electrical Engineers. London), pp. iii-xiii.

‘“Engineering 32 (1881): 534. For a listing o f publiclions about the International Electrical 
Congress, Paris. 1881, see Catalogue of the Wheeler Gift of Books, Pamphlets, aiui Periodicals in the 
Library of the American Institute of Electrical Engineers, ed. William W eaver (New York: AIEE. 
1909), vol. 2. items 5422-30
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Figure l i t . I .  Edison exhibit al the I'tins 
Exhibition of 1881. From Kilison: 

Lighting a Revolution (Washington. 
DC.: Smithsonian Institution, 1179), p.

56.

E d iso n ’s in can d e sc e n i- la m p  system  was received  en thusiastica lly  al the  
P aris ex h ib itio n . T h e  d isp lay  p e rsu a d e d  E u ro p e a n s  th a t E dison 's system  
was p re e m in e n t in th e  field  a n d  th is led e n tr e p re n e u r s  to seek exclusive 
rig h ts  lo  m a n u fa c tu re  a n d  m a rk e t th e  system . The o u ts ta n d in g  in stance  ol 
te ch n o lo g y  t r a n s fe r  invo lved  Em il R a th e n a u . th e  fo u n d e r  o f  th e  G e rm an  
E dison  C o m p a n y , la te r  k n ow n  as G e rm a n  G en e ra l E lectric (A llgem einc  
E lek triz ita ts-G ese llschaft) . A m ech an ica l e n g in e e r , R a th en au  r e tu rn e d  to 
G e rm a n y  fro m  th e  ex h ib itio n  d e te rm in e d  to  o b ta in  an  Edison  franch ise . 
Y o u n g  O sk a r  von M iller v isited th e  P aris ex h ib itio n  a n d  r e tu rn e d  to  his 
na tive  M u n ich  to  h e lp  o rg a n iz e  an  in te rn a tio n a l e lectrical exh ib itio n  th e re . 
H e d esc rib ed  th e  ex h ib itio n  as “o v e rw h e lm in g .” a n d  th e  Edison  incandes- 
c en ts  as m ost im p re s s iv e .IS F ra n k  S p ra g u e , w ho was to  becom e th e  o u t 
s ta n d in g  p io n e e r  o f  e lec tric  tra c tio n  in th e  U n ited  S tates, visited th e  Paris 
ex h ib itio n  as a y o u n g  naval en sig n . H e  was p e rsu a d e d  th a t a new e ra  o f  
ligh tin g  h a d  b eg u n , a n d  h e  believed  th a t th e  pub lic  a n d  investo rs h ad  been  
g rea tly  in f lu e n c e d .14 T h e  c o m b in ed  effec t o f  m o tiva ted  y o u n g  en g in ee rs  
a n d  s tim u la ted  in vesto rs  s tre a m in g  aw ay fro m  Paris w ith a favorab le  
im p ressio n  o f  E d ison  a n d  his w orks is an  in fo rm a l but im p o rta n t ex am p le  
o f  te ch n o lo g y  t ra n s fe r .

Edison  sen t C h a rle s  B a tche lo r, o n e  oT his p rin c ip a l technical assistan ts 
a t M enlo  P ark , to  install a n d  s u p e r in te n d  th e  d isp lay  at th e  fa ir g ro u n d s  
on  th e  C ham ps-E lysees . A n Edison  2 0 0 -h .p . g e n e ra to r  cap ab le  o f  ligh ting  
tw elve h u n d re d  16-c.p. lam ps d o m in a te d  th e  exh ib it (see Fig. 111.2). Som e 
o f  th e  success o f  th e  lam p  ex h ib it was a ttr ib u te d  to  th e  use o f  c o p p e r  w iring

' ’ Wallhcr von Miller. Oskar von Miller Nach Eigrnen Ati/irirhnungen, Ilrdrn und llitr/ru 
(Munich: Brutkm nnn, 1932), p. I.r>; T heodore  I Ictm , Oskar non Miller unddet Weg der leehnik  
(Munich: Deutsches Museum, 1950), p. 7.

Frank J. Sprague, Heport on the Exhibits al the Crystal I'alare Elertnral Exhibition, 1882 
(Washington. D C., IHH3). p. 33.
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Figure III. 2. Edison generator at the 
Pans exhibition o f 1881. From  

T eleg raph ic  Jo u rn a l and  Electric 
Review 9 (1881): 437.

exhibition o) lo o t ,  hFigure III. 3. Incandescent lamps illuminating paintings al the P 
L um iere elecirique 4 (1881): 227.

Figure I II .4. Edward II. Johnson, 
Edison's representative in London. Courtesy 

o f the Edison Archives, Edison National 
Historic Site, West Orange, N.J.

o f  u n u su a lly  low  re s is tan ce , w irin g  th a t w as sp ec ia lly  m a d e  by W illiam  
W allace o f  th e  A n so n ia  C o p p e r  C o m p a n y . P lans fo r  N ew  Y o rk ’s P earl S tree t 
s ta tio n  a lso  w ere  o n  ex h ib it a n d  s tim u la te d  m an y  te ch n ica l a n d  econom ic  
q u e s tio n s . T h e  F re n c h  a rc h ite c t C. G a rn ie r  a sk e d  so m e  o f  th e  ex h ib ito rs  
to  ligh t th e  P aris  O p e ra  M ouse, a n d  to  ih e  E d iso n  g r o u p  h e  a ss ig n ed  the  
re sp o n s ib ility  fo r  lig h tin g  th e  b u ild in g 's  g re a t fo y er. T h is ,  lo o , a ttra c te d  
a t te n tio n  to  E d iso n 's  sy s te m .1"’

A fte r  th e  P aris  e x h ib itio n , D rex e l, M o rg a n  a n d  C o m p a n y  s u p p o r te d  the  
o rg a n iz a tio n  o f  an  E d iso n  d isp lay  at an  e lec trica l ex h ib itio n  in  L o n d o n . 
D rex e l, M o rg a n  a n d  C o m p a n y  a n d  E d iso n  h a d  p laced  E d w a rd  H . Jo h n s o n  
(1 8 4 6 -1 9 1 9 )  in  c h a rg e  o f  p r o m o tin g  th e  E d iso n  system  in E n g la n d . J o h n 
son , o n c e  a te le g ra p h  o p e ra to r ,  h a d  assis ted  E d iso n  in h is te le g ra p h  e n 
te rp r is e s  a n d  s u b se q u e n tly  b ecam e  a c lose a sso c ia te  in th e  e lec tric  ligh tin g  
bu sin ess . H e  w as an  o r ig in a l p a r tn e r  in th e  E d iso n  la m p w o rk s , a n d  in 1886 
h e  w o u ld  b e c o m e  p re s id e n t  o f  th e  E d iso n  E lec tric  L igh t C o m p a n y . In  1882. 
h e  p re s id e d  o v e r  th e  E d iso n  e x h ib it a t th e  In te rn a t io n a l  E lec tric  E xh ib ition  
h e ld  in  th e  C ry s ta l Palace  in S y d e n h a m , n e a r  L o n d o n . A ssis ting  h im  was 
th e  e le c tr ic ia n  W illiam  H a m m e r ,  a n o th e r  o f  E d iso n 's  c lose associates.

J o h n s o n  a s su re d  E d iso n  th a t h is d isp lay  a l th e  C ry sta l Palace  h a d  elicited 
" th e  a d m ira t io n  o f  ev e ry  E n g in e e r .” As he d e sc r ib e d  it, "A ll th e  o th e r  w ork 
in th e  Palace  is o f  th e  m o st te m p o ra ry  c h a ra c te r .  . . . S w an ’s ligh ts, for 
in s ta n c e , a re  ju s t  as likely to  go  o u t as th ey  a r e  to  b u rn ."  J o h n s o n  s tressed  
th a t th e  c ro w d s  le ft th e  e x h ib itio n  p e r s u a d e d  o f  th e  s u p e r io r i ty  n o t only 
o f  th e  E d iso n  system  b u t o f  J o h n s o n ’s e x p la n a tio n  o f  e lec tric  l ig h tin g  as

' “ E tienne dc  Fodor. "T he Edison System in E urope Forty Years Ago," Electrical World HO 
(1920): 547—18. Fodor was one o f the installers o f the Edison exhibit.



5 3 T E C H N O L O G Y  T R A N S F E R

Figure H U . The Edison isolated plant at 
the Crystal Palace exhibition o f 1882. 

Courtesy of the National Museum of 
American History. Smithsonian Institution, 

Washington, D.C.

w ell.16 (See Fig. 111.5.) T h e  London Daily N ews ju d g e d  E d iso n ’s system  m o re  
ad v an ced  th a n  all its rivals: “[It] is th e  w o n d e r  o f  th e  show , a n d  his r e p 
re sen ta tiv e  is ce rta in ly  th e  p r in c e  o f  all sh o w m en . T h e r e  is b u t o n e  Edison , 
a n d  J o h n s o n  is h is p ro p h e t .” 17

J u d g in g  by h is le tte rs  to  E d ison , J o h n s o n  was especially  effec tive  in in 
fo rm in g  a n d  im p re ss in g  B ritish  a ris to c ra ts  a n d  scien tists. T h e  em p h asis  he 
p laced  o n  in f lu e n c in g  th e m  in d ica tes  th e  im p o rta n c e  o f  th e  ro le  th e  a r is 
to cra ts  h a d  in fin a n c in g  e n tr e p re n e u r s ,  a n d  th a t scien tists h a d  in a u th e n 
tica tin g  th e  new  tech n o lo g y . By c o n tra s t,  scien tists in A m erica  re m a in e d  in 
th e  b ac k g ro u n d  as E d ison  in v en ted , d ev e lo p ed , a n d  in n o v a ted . Even b e fo re  
J o h n s o n  to o k  c h a rg e  in  L o n d o n , C o lone l G o u ra u d  h ad  a p p ro a c h e d  Sir 
W illiam  T h o m so n , o n e  o f  G re a t B rita in ’s m ost d is tin g u ish ed  physicists, to 
ask h im  to  act as a c o n su lta n t fo r  th e  E d ison  in te re s ts  in B rita in . T h o m so n  
in tu rn  w an ted  to  m ak e  an  “u n p ro fe ss io n a l,"  c o m p ara tiv e  test o f  Edison  
a n d  Sw an lam ps, b e tw een  w hich  he fo u n d  little d if fe re n c e , especially  as to  
eco n o m y .18

O n e  o f  J o h n s o n 's  e ffo r ts  involved  g u id in g  m em b ers  o f  th e  Society o f  
A rts th ro u g h  th e  E dison  ex h ib it a n d  a f te rw a rd s  d in in g  w ith th em  in th e  
C rystal Palace. L o rd  A lfred  C h u rch ill a n d  S ir F red e rick  J .  B ram w ell, th c

18 E. H. Johnson (o Edison, 19 March 1882, William Ham mer Collection. Museum of 
American History, Smithsonian Institution, W ashington, D.C. I am indebted to Dr. Kolierl 
Friedcl Tor guidance in using the H am m er Collection.

17 London Daily News, 8 April 1882, quoted in Payson Jones, A Power History of the Consolidated 
Edison System, 1878-1900  (New York: Consolidated Edison Co.. 1940), p. 49.

G ouraud to W. T hom son, 15 March 1881, and Thom son to G ouraud, 18 March and 80 
April 1881, in folder labeled "Electric Light 1880, Foreign.” EA.
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le ad e rs  o f  th e  d e le g a tio n , a d m ire d  th e  d isp lay  a n d  Jo h n so n  o p en ly , and  
th e ir  p ra ise  was such  as “to  elicit f ro m  L o rd  A lfred  a t th e  d in n e r  th e  one  
to ast o f  th e  l iv e n in g ." 19 J o h n s o n  en v isag ed  th a t th e  scien tists an d  a ris tocra ts  
w ould  b o th  invest in a n d  testify  to  th e  exce llence  o f  th e  E dison  system . 
T h e i r  su p p o r t  was n e e d e d  b o th  fo r  th e  c en tra l-s ta tio n  v e n tu re s  a n d  for 
th e  sm all, iso la ted  p lan ts  Jo h n s o n  a n tic ip a te d  w ou ld  be p u rc h a se d  fo r  the 
g re a t h o m es  a n d  c o u n try  esta tes . T h e  d u k e  o f  S u th e r la n d  saw th e  Crystal 
Palace d isp lay  a n d  was so d e lig h te d  th a t h e  co u ld  n o t stay  away. A fte r  his 
f o u r th  visit h e  in v ited  J o h n s o n  to  d in n e r  a t his L o n d o n  re s id en ce , S ta ffo rd  
H o u se , to  d iscuss in sta lla tio n  o f  th e  system  th e re . O n ly  because  o f  a p rio r 
in v es tm en t m a d e  in th e  B ru sh  E lectric  L ig h t C o m p a n y  b e fo re  he  lea rn ed  
o f  th e  E d ison  system  d id  th e  d u k e  re f ra in  fro m  assoc ia ting  w ith th e  Edison 
c o m p a n y  in E n g la n d .29 T h e  d u k e  o f  W e stm in s te r  a n d  th e  d u k e  o f  E d in 
b u rg h  also liked  th e  d isp lay  a n d  e x p re sse d  th e ir  in te n tio n  to  install the 
E d ison  system .

T h e  C rysta l Palace d isp lay  was o n ly  p a r t  o f  D rex e l, M o rg an  a n d  C om pany  
a n d  E d iso n 's  m a s te r  sch em e , h ow ever. A lth o u g h  th e  b a n k in g  h o u se  d id 
n o t w an t its n a m e  public ly  a ssoc ia ted  w ith th e  u n d e r ta k in g ,  th e  Crystal 
Palace  e x h ib itio n  was to  be fo llow ed  by th e  o p e n in g  o f  a c e n tra l s ta tio n  at 
57 H o lb o rn  V iad u c t in th e  h e a r t  o f  L o n d o n .21 H o lb o rn  V iad u c t w ould 
se rv e  as an  “ex e m p lif ic a tio n ” fo r th e  ce n tra l  s ta tio n s  th a t th e  English  Edison 
c o m p a n y  e x p e c te d  to  license. H o lb o rn  V iad u c t was to  th e  E nglish  com pany  
w h at th e  P earl S tre e t s ta tio n  was to  th e  E d ison  E lectric  L ig h t C o m p an y  of 
N ew  Y ork , w ith  th e  ex c e p tio n  th a t th e  E ng lish  c o m p a n y  o b ta in e d  its righ ts 
to  th e  E ng lish  p a te n ts  f ro m  A m erica .

O n  15 M arch  1882 th e  E ng lish  E lectric  L ig h t C o m p a n y , L td ., reg is te red  
a n d  h e ld  its firs t b o a rd  m ee tin g . T h e  m a jo r  s to c k h o ld e rs  a n d  d irec to rs  
in c lu d e d  m en  o f  scien tific  r e p u ta tio n ,  a r is to c ra tic  c o n n ec tio n s , a n d  financial 
m ean s. ( In  N ew  Y ork , th e  d ire c to rs  o f  th e  E d iso n  E lectric  I llu m in a tin g  
C o m p a n y  w ere  m en  o f  b u sin ess  a n d  fin an ce .)  A m o n g  th e  b o a rd  m em b ers  
c h a ra c te r iz e d  by J o h n s o n  as " scien tific  r e p re s e n ta tiv e s ” w ere  S ir F red erick  
J .  B ram w ell (1 8 1 8 -1 9 0 3 ) , an  e x p e r t  on  m u n ic ip a l e n g in e e r in g  a n d  a well- 
q u a lif ie d  tech n ica l w itness o n  legal m a tte rs ;  W illiam  P reece  (1 8 3 4 -1 9 1 3 ), 
c h ie f  e lec trica l e n g in e e r  fo r th e  Post O ffice  D e p a r tm e n t;  S ir  J o h n  L ubbock 
(1 8 3 4 -1 9 1 3 ) , a b a n k e r , so m e tim e  m e m b e r  o f  P a r lia m e n t, a n d  ch a irm a n  o f 
th e  L o n d o n  C o u n ty  C o u n c il: a n d  S h e e fo rd  B idw ell, w ho  adv ised  J o h n so n  
on  E d iso n  p a te n ts  in B rita in . T h e  b o a rd  initia lly  in c lu d e d  L ubbock , Bidwell, 
V isco u n t A n so n , R ich a rd  B. W ad e , a n d  E. P lydell B o u rv e rie .22 W ith 
£ 1 ,0 0 0 ,0 0 0  in a u th o r iz e d  cap ita l, th e  c o m p a n y ’s p u rp o s e  was th re e fo ld : to 
a c q u ire  all o f  E d iso n 's  B ritish  p a te n ts  in  e lec tric  l ig h tin g , h ea l, a n d  pow er; 
to  p u rc h a se  th e  lam p s, d y n a m o s , a n d  o th e r  E d ison  e q u ip m e n t th e n  on 
disp lay  in E n g la n d ; a n d  to  lease  th e  p ro p e r ty  a t 57 H o lb o rn  V iaduc t. T h e  
c o m p a n y  a g re e d  to  pay  £ 2 0 ,0 0 0  fo r  th e  p a te n t  r ig h ts  a n d  e q u ip m e n t and  
to  allo t o n e  fully  pa id  sh a re  o f  “ B" c lassifica tion  stock  fo r  ev ery  £1 0  o f  “A” 
sh a re  stock  p a id  u p . T h e r e  w ere  5 0 ,0 0 0  £5  “A ” s h a re s  a n d  5 0 ,0 0 0  £1 0  "B" 
sh a re s .

'" Johnson  to F.dison, 19 March 1882. H am m er Collection.
" Ib id . 
sl Ibid. 
m Ibid.
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T h u s  E d ison  s h ip p e d  tw o J u m b o  g e n e ra to rs  f ro m  N ew  Y ork  to  th e  newly 
fo rm e d  E nglish  co m p an y , a n d  early  in 1882 th e se  w ere  in sta lled  in the 
H o lb o rn  V iad u c t s ta tio n . H o lb o rn  V iaduct th u s  h ad  g e n e ra to rs  o f  th e  sam e 
k in d  as th o se  at N ew  Y o rk ’s P earl S tre e t s ta tio n , a n d  its co m p o n e n ts— 
E d ison  lam p s, so m e  u n d e rg ro u n d  cable , a n d  o th e r  e lec trica l e q u ip m e n t— 
w ere  s im ila r to  th o se  fo u n d  in th e  N ew  Y ork  s ta tio n . M o reo v e r, E dison- 
tra in e d  e lec tric ian s  ( in c lu d in g  H a m m e r)  a n d  m a n a g e rs  p re s id e d  o v e r bo th  
th e  L o n d o n  a n d  th e  N ew  Y ork  sta tio n . Y et th e  N ew  Y ork  s ta tio n  su rv ived  
a n d  th e  H o lb o rn  s ta tio n  d id  n o t. T h is  fa ilu re  o f  E d ison  tech n o lo g y  to  a d a p t 
a n d  p u t d o w n  ro o ts  in  L o n d o n  calls fo r  o th e r  th a n  stric tly  te chn ica l e x 
p lan a tio n s .

T h e  sta tio n  fo rm ally  o p e n e d  fo r  in sp ec tio n  o n  11 A pril 1882. E q u ip p ed  
w ith 1,000 in c a n d e sc e n t lam p s  (b u t w ith a capac ity  fo r  2 ,200 ), th e  s ta tion  
lit s tre e tlig h ts  f ro m  H o lb o rn  C ircu s a lo n g  th e  V iad u c t a n d  N ew gale  S tree t 
to  th e  vicinity  o f  th e  G e n e ra l Post O ffice . In c a n d e sc e n t lam ps in ho tels, 
s to res , re s ta u ra n ts , a n d  o th e r  p r iv a te  b u ild in g s  f ro n tin g  a lo n g  th e  way 
e n h a n c e d  th e  e ffec t. T h e  fo u r  h u n d re d  lam p s th a t lit th e  G e n e ra l Post 
O ffice  a n d  th e  lam p s  in D r. J o s e p h  P a rk e r ’s C ity  T e m p le  exc ited  co m m en t 
am o n g  th e  passers-by  a n d  th e  d is tin g u ish e d  a n d  financially  a ff lu e n t visitors 
w ho w ere  g iven  a to u r  o f  th e  s ta tio n  (see Fig. 111.6). J o h n s o n ,  w ho re m a in e d  
in L o n d o n  fo r  a tim e  a f te r  th e  o p e n in g  a n d  w ho was a m a jo r  s h a re h o ld e r  
in th e  E nglish  co m p an y , la te r  reca lled  th a t th e  s ta tio n  elic ited  ex trem e ly  
fav o rab le  c o m m e n t.23 T h e  pub lic ity  re lease  o f  th e  E dison  E lectric  L ight 
C o m p an y  in A m erica  d esc r ib ed  th e  H o lb o rn  s ta tio n  as “a successfu l e x 
h ib ition  on  a la rg e  scale o f  th e  p rac tica l w o rk in g  o f  th e  E d ison  system  o f  
in can d escen t lig h tin g .’’24 (See Fig. I I I .7.)

T h e  H o lb o rn  V iad u c t s ta tio n  was m u ch  m o re  th a n  a “try  o u t . . .  in th e  
p ro v in ces”25 fo r  th e  A m erican  co m p an y  a n d  m o re  th a n  a pilo t p lan t fo r 
th e  E nglish  c o m p a n y .26 T h e  s ta tio n  was bo th  a co m m erc ia l-techno log ica l 
v e n tu re  a n d  an  a d v e rtis e m e n t fo r  th e  E nglish  c o m p a n y .27 W ith  rig h ts  to  
th e  E d ison  p a te n ts  w ith in  th e  U n ited  K in g d o m , E nglish  E d ison  h ad  reaso n  
to  exp ec t a su b s tan tia l p ro f it  f ro m  th e  sale o f  concessions o r  licenses to 
p ro sp ec tiv e  c e n lra l-s ta tio n  c o m p an ie s  th ro u g h o u t  th e  U n ited  K ingdom . As 
early  as 20 M ay, th e  L o n d o n  Economist r e p o r te d  th e  sale o f  local licenses 
by E nglish  E d iso n .28

T h e  English  p a ten t-o w n in g  co m p a n y  estab lish ed  ra te s  fo r  H o lb o rn  c o n 
su m e rs  w hich w ere  ca lcu la ted  to  c re a te  goo d  will a n d  fav o rab le  publicity .

”  Thom as C. Marlin. Forty Years of Edison Service. 1882-1922 (New York: New York Edison 
Co., 1922), p. 29. Some o f (lie account o r the H olborn Viaduct station and the following 
analysis o f the effect o f the Electric Lighting Act of 1882 is taken from Thom as I’. Hughes. 
"British Electrical Industry Lag: 1882-1888," Technology and Culture 3 (1962): 27-44.

M Edison Electric Light Co.. Bulletin (New York) 10 (1882): 6.
a“ Com mittee on St. Louis Exposition o f  Association o f Edison Illuminating Companies, 

Edisonia: A Brief History of the Early Edison Electric Lighting System (New York: Association of 
Edison Illuminating Companies. 1904), p. 159.

Dyer and Marlin, Edison. I: 336. Edison did. however, use information from llollxirn 
at Pearl Street: see ibid.. I: 417.

?7Al a meeting of the shareholders o f the Edison & Swan United Electric Light Co.. Ltd., 
successor to English Edison, the directors offered this interpretation of the intent ol I lolborn's 
founders.

” Economist (London) 40 (1882): 604.
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Figure III.6. Plan of illumination of the 
Holborn Viaduct. 1881-82. Courtesy of 

the National Museum of American History, 
Smithsonian Institution, Washington, D.C.

Figure 111.7. On the left, the Edison 
central station at 57 Holbom Viaduct, 

London. Courtesy of the National Museum 
of American History. Smithsonian 

Institution, Washington. D.C.
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F rom  A pril un til Ju ly  1882, th e  sta tio n  su p p lie d  s tre e t lig h tin g  w ithou t 
c h a rg e  to  th e  city a u th o ritie s ; fo r  th e  n ex t six m o n th s  th e  ra te s  w ere  th e  
sam e as th o se  fo r  gas. In d iv id u a l a r ra n g e m e n ts  w ere  m a d e  w ith p riv a te  
c o n su m ers , b u t th e  p lan  fo r  H o lb o rn  k ep t th e  p rice  o f  e lectric ity  n e a r  th a t 
o f  gas, even  if  it m e a n t n o  p ro f it .20 T h e  su p p ly  o f  e lec tric ity  to  cu s to m ers  
at ra te s  c o m p a ra b le  to  gas ra te s  u n d o u b te d ly  cost th e  s ta tio n  at least twice 
th e  se lling  p rice  in 1882 .30 C o m p a n y  p la n n e rs  p re d ic te d  th a t in c rea sed  a n d  
m o re  re g u la r  loads, a lo n g  with fu r th e r  techn ica l d e v e lo p m e n ts , w ou ld  re 
d u ce  o p e ra tin g  costs. T im e  w ou ld  test th e  w isdom  o f  E nglish  E d iso n ’s 
inv estm en t in th e  H o lb o rn  V iad u c t s ta tio n , b u t in th e  s p r in g  o f  1882 the 
sta tio n  seem ed  to  be p ro o f  o f  th e  techn ica l w orkability  o f  th e  E dison  system . 
H o lb o rn  se rved  as a re m in d e r  o f  th e  in te rn a tio n a l c h a ra c te r  o f  te chno logy .

H o lb o rn  was a techn ica l, business , a n d  econom ic  v e n tu re . E n g in ee rs  
aw aited  th e  techn ica l resu lts ; b u sin essm en  a n d  fin an c ie rs  w an ted  th e  ba l
ance  sh ee t. T h u s  E ng lish  E d ison  co m m issio n ed  tw o o f  th e  c o u n try ’s rising  
e lectrical en g in e e rs , D r. J o h n  H o p k in so n  a n d  D r. J .  A. F lem ing , to  analyze 
th e  costs o f  th e  H o lb o rn  s ta tio n . A fte r  c a re fu l re c o rd  k e e p in g  o v e r several 
m o n th s  a n d  a f te r  m a k in g  assu m p tio n s  a b o u t lo n g -te rm  o p e ra tio n s  a n d  
load , th e  tw o e n g in e e rs  c o n c lu d e d : “ It will be possib le  w ith ca re fu l m a n 
ag e m e n t a t p re se n t p rices  o f  p la n t lo  su p p ly  electric ity  to  th e  pub lic  a t th e  
cost o f  e q u iv a len t gas, a n d  to  m ak e  a sm all p ro f it  if  a fa irly  full c o n su m p tio n  
is m a in ta in ed  fo r  7 o r  8 h o u rs  p e r  d a y .”31 (See T ab le s  I I I . I a n d  I I I .2.) 
T h e y  w ere c e r ta in , h ow ever, th a t u se  o f  th e  lam p s fo r  less th a n  th e  w hole 
n ig h t w ould  be u n p ro f ita b le  if  cu s to m e rs  w ere  c h a rg e d  a ra te  eq u iv a len t 
to  th e  p rice  o f  gas.

T h e  in te re s t c re a te d  by th e  Paris a n d  L o n d o n  ex h ib itio n s  a n d  th e  o p ti
m ism  g e n e ra te d  by th e  H o lb o rn  V iad u c t s ta tio n  c o n tr ib u te d  to  heavy  sp ec
u la tio n  in th e  s p r in g  o f  1882 in sh a re s  in vario u s e lectrical m a n u fa c tu r in g  
a n d  su p p ly  (u tility ) co m p an ie s . D u rin g  tw o w eeks in M ay, s ix teen  new  
com p an ie s  a p p e a re d ,  a n d  th e  L o n d o n  Economist reca lled  e a r lie r  bubb les  in 
railw ay sh a re s  (1 8 4 5 -4 6 )  a n d  th e  su b m a rin e  te le g ra p h .32 T h e n ,  in m id- 
M ay, th e  stocks flu c tu a te d  w ildly. T h e  sh a re s  o f  th e  A n g lo -A m erican  B rush  
E lectric L ig h t C o rp o ra tio n ,  m ak e rs  o f  th e  B ru sh  a rc  lam p  a n d  th e  Lane- 
Fox in can d escen t lam p , d ro p p e d  £ 6 0 0 ,0 0 0  in to ta l value in th re e  days o f  
tra d in g  b u t re m a in e d  fa r  above th e ir  face v alue. T h e  p ress  g en e ra lly  advised  
ca u tio n .33 T h e  Economist o f fe re d  so b e r  co u n se l: "H o w ev e r g re a t a rev o lu 
tion  [in e lec tric  ligh t] m ay possibly be in s to re  fo r  us, th e  inev itab le  co m 
p e titio n  am o n g s t th e  real e lectrical system s will e ffec tu a lly  p rev en t th e  
s h a re h o ld e rs  f ro m  beco m in g  m illio n a ires .”34 A t y ea r’s en d , h ow ever, th e  
sp ecu la tio n  in e lectrical sh a re s  w ould  s tan d  as B rita in 's  c h ie f  secu rity  m ania  
o f  th e  y ea r.39

" T estim ony  of Sir John  Lubbock, M.P. and major shareholder and director o f English 
Edison, before a select committee of the House of Lords in 1886; see p. 63 below.

50 See p. 64 below.
’ ’John  Hopkinson and J . A. Fleming, "Report on thc Central Station, Holborn Viaduct, 

to the Directors o f the Edison Electric Light Company. Limited" (typescript. H am m er Col
lection), pp. 22-23.

”  Economist (London) 40 (1882); 604.
” Electrical Review 10 (1882): 343.
M Economist (London) 40 (1882): 605.
51 "Commercial History and Review o f 1882." ibid. 41 (1883).
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Cost Breakdown £ s. d. £ s. d.

Messrs. Hayward, Tyler id  Co.
T anks, sicam pum ps. w aterhcater,

inspector, traveler pipes, and other
fittings 660 1 II

Builder
Erecting shaft 1.301 7 5

Drexel, Morgan id Co.
Engine and boiler 737 3 3
Two 1,200 light dynam os at 11.830 3.660 0 0 4,397 3 3

Installations— Cost of matenals
1. Ncgrctti & Zamha 16 7 5
2. Sharp Jb Co. 8 1 0
3. Vaseline 8c Co. 7 4 7
4. H odge & Essex II 9 1
5. Holland Jfc McConnell 8 14 6
6. Steel 8c G arland 12 16 8
7 W. D. & H. O Wills 10 4 7
8. T errev  & Co. 14 0 3
9. Birch 14 9 1

103 7 2 6,358 12 7

Source: Hopkinson and Fleming. “Report on the C entral Station. Holborn Viaduct."

In  an  ep o ch  ch a ra c te r iz e d  as “th e  e n d  o f  la issez-fa ire” a n d  in a nation  
w hose g o v e rn m e n t show ed  in c rea s in g  c o n c e rn  fo r  th e  w elfa re  o f  th e  g row 
ing  body  o f  th e  e lec to ra te , it is n o t s u rp r is in g  th a t P a rliam en t, th e  cen tra l 
b u re a u c ra c y , a n d  th e  local a u th o rit ie s  re a c te d  to  th e  in te n se  activity  and  
op tim ism  in th e  e lec tric  lig h tin g  in d u s try . W ith in  tw o w eeks o f  th e  form al 
o p e n in g  o f  th e  H o lb o rn  s ta tio n  a select c o m m itte e  o f  th e  H o u se  o f  C om 
m o n s was e s tab lish ed , a n d  fro m  25 A pril to  12 J u n e  1882 it h e a rd  testim ony 
on  p ro p o se d  c e n tra l-s ta tio n  leg isla tion .

N ew ly fo rm e d  c e n tra l-s ta tio n  c o m p a n ie s  n e e d e d  p e rm issio n  to  break 
o p e n  th e  s tre e ts  in o rd e r  to  lay th e  e lec trica l lines o f  th e  u n d e rg ro u n d  
d is trib u tio n  system s. In  th e  U n ited  S ta tes  th is a u th o riz a tio n  cam e  from  the 
local g o v e rn m e n t o r  a u th o rity , bu t in B rita in  th e  p ro b lem  m oved  quickly 
to  th e  n a tio n a l level, w h e re  P a rliam en t a n d  th e  B o a rd  o f  T ra d e  so u g h t a 
g e n e ra l so lu tio n  in leg is la tion . T h o m a s  E d ison  h a d  w ined  a n d  d in e d  New 
Y ork C ity a ld e rm e n  p r io r  to  th e  e rec tio n  o f  th e  P earl S tree t s ta tio n ; but 
in B rita in , Jo seph  Sw an, J. E. H . G o rd o n , a n d  R. E. B. C ro m p to n , all p ioneer 
e n tr e p re n e u r s  in e lec tric  lig h tin g , gave a d in n e r  fo r  th e  S p e a k e r  o f  the 
H o u se  o f  C o m m o n s  a n d  o th e r  lead in g  M .P.'s in a b id to  win passage o f 
th e  E lectric  L ig h tin g  Act o f  188 2 .s,i

T he  g o v e rn m e n t’s e lec tric  lig h tin g  bill cam e  fro m  th e  B oard  o f  T ra d e . 
F o u n d e d  in 1786, th is g o v e rn m e n t d e p a r tm e n t  “g rew  like T o p sy ” d u rin g  
th e  in d u s tr ia l  e ra . It h e ld  fa r-re a c h in g  reg u la to ry  po w ers  n o t on ly  over 
tra n sp o r ta tio n ,  c o m m u n ica tio n s , a n d  vario u s in d u s tr ie s  bu t a lso  ov er the

v' Rookes E. B. Crom plon. Reminiscences (London: Constable 8c Co., 1928), pp. 111-12.



Table 111.2. Estimated Annual C osro r One Unit of the Holborn Viaduci Station
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O ne steam dynam o and boiler, m ainiained al an average 
or six hundred  IG-c.p. lights per night

Coal at £32 per m onth 
Oil at £ 1 1 per m onth 
Waste
Wages at £50 per m onth 
Lamps at 2s. Id. (say. 1,500)
Share o f rent for one dynam o
D epreciation (10%) on engines, boilers, and other mate

rials. excluding the value of copper in the mains 
Share o f m anagem ent for one dynam o per annum

384.0.0
132.0.0 

4.0.0
600.0.0
156.0.0
100.0.0

500.0.0
200.0.0

£2.076.0.0

Source: Hopkinsun and Fleming, "Report on the Central Station, Holborn Viaduci."

s u rg in g  e lec tric  lig h t in d u s try .37 H e a d in g  th e  B o a rd  o f  T ra d e  in th e  L iberal 
G lad s to n e ’s g o v e rn m e n t was J o s e p h  C h a m b e rla in , a m an  w ho h ad  e ffe c 
tively socialized  th e  p ub lic  u tilities as m ay o r o f  B irm in g h a m  a n d  w ho w ould  
lo n g  be re m e m b e re d  fo r  his rep u b lican ism  in th e  V ic to rian  e ra .

C h a m b e rla in ’s activ ities as p re s id e n t o f  th e  B o a rd  o f  T ra d e  fro m  1880 
to  1885 a m o u n te d  to  a fie rce  o n s la u g h t on  th e  ab u ses  o f  p ro p e r ty  aga inst 
h u m a n  r ig h ts .38 C h a m b e rla in  a n d  th e  B o a rd  o f  T ra d e  d rew  u p o n  p re c e 
d e n t  as they  m oved  to  re g u la te  a p ub lic  u tility . T h e  T ram w ay s Act of" 1870 
h ad  lim ited  th e  te n u re  o f  p r iv a te  o w n ersh ip ; th e  Public H ea lth  Act o f  1875 
h ad  a u th o r iz e d  m u n ic ip a l o w n e rsh ip  o f  w a te rw o rk s;39 a n d  an  ex tensive 
b ody o f  leg isla tion  h a d  re g u la te d  p riv a te  gas com p an ie s . T h is  leg islation 
h ad  com e to be th o u g h t  o f  as p ro te c tio n  fo r  th e  pub lic  aga in st th e  ten d en cy  
o f  pub lic  utilities to  ab u se  th e ir  m o n o p o lis tic  p ow ers. O n  th e  o th e r  h a n d , 
th e  g o v e rn m e n t h a d  b een  to le ra n t o f  re g u la te d , o r  n a tu ra l,  m o n o p o lies  if 
a d u p lica tio n  o f  serv ices ra ised  costs e x o rb ita n tly .40 T h e  e x p e n se  o f  b re a k 
ing  o p e n  th e  s tre e ts  to  lay e lectrical d is trib u tio n  lines w ould  be heavy.

G o v e rn m e n t o w n e rsh ip , as well as g o v e rn m e n t reg u la tio n , was viewed 
sy m p athe tica lly  in  th e  tw iligh t o f  th e  V ic to rian  e ra . H ow ever, g o v e rn m e n t 
o w n e rsh ip  m e a n t o w n e rsh ip  by th e  local g o v e rn in g  a u th o rity .41 As m ayor 
o f  B irm in g h a m , J o s e p h  C h a m b e rla in  h ad  s tre n g th e n e d  th e  m o vem en t fo r 
m u n ic ip a l socialism  co n sid erab ly . H e  h ad  re d u c e d  th e  o p e ra tin g  costs an d  
th e  p rice  to  c o n su m e rs  w hile im p ro v in g  th e  serv ice o f  th e  public  u tilities—

57 George S. Bower and W alter Webb. The Law Relating to Electric Lighting, Being the Electric 
Lighting Act, 1882 (London: S. Low, Marston, Searle 8c Rivington. 1882). p. 100.

5"J. L. Garvin, The Life of Joseph Chamberlain. 4 vols. (London: Macmillan 8c Co.. I032-). 
I: 413.

,u Sir Henry Self and Elizabeth Watson, Electricity Supply in Great Britain . . . (London, 1052), 
p. 14 If.

'"’Gas companies had not begun as monopolies, but had assumed that character when 
competing distribution systems involved ruinous expense. T he M etropolitan Gas Company 
Act o f I860 confirmed the monopolistic districting o f Ixnulon that the companies had taken 
up on their own initiative. II. I I. Ballin, The Organisation of Electricity Supply in Great Britain 
(London: Electrical Press, 1946), pp. 1-3.

71 ijocai authorities were those bodies to whom the public health ol the United Kingdom 
was entrusted—e.g.. m etropolitan district boards and vestries and urban and rural sanitation 
authorities. Engineering 35 (1883): 374.
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in c lu d in g  llie  gasw o rk s— h e  h ad  b o u g h t fo r  B irm in g h a m .42 P e rm an en t 
S ec re ta ry  o f  th e  B o a rd  o f  T r a d e  F a r r e r  to ld  a p a r lia m e n ta ry  com m ittee  
h o ld in g  h e a r in g s  o n  th e  p ro p o se d  leg isla tion  th a t it was "m u ch  too  late" 
to  a rg u e  th a t p ub lic  e n te rp r is e  c o u ld  n o t c o m p e te  w ith p riv a te  en te rp r is e  
o r  to  q u e s tio n  b r in g in g  th e  p u b lic  p u rs e  to  b e a r  in th e  pub lic -u tility  a re a .43

T h e  p ro p o se d  leg is la tion  fo r  g o v e rn in g  ce n tra l  s ta tio n s  clearly  m an i
fested  its sp o n so r 's  sy m p a th y  w ith  g o v e rn m e n t reg u la tio n  a n d  le n d e r  feel
in g  to w ard  m u n ic ip a l o w n e rsh ip . Yet th e  claim s o f  p r iv a te  e n te rp r is e  u p o n  
th e  e co n o m y  also w ere  reco g n ized . T h e  bill p ro v id e d  a re g u la te d  m onopoly  
w ith  lim ited  te n u re  fo r  p r iv a te  e n te rp r is e  (o r  a re g u la te d  m o n o p o ly  fo r a 
local g o v e rn in g  au th o rity ) . P riv a te  e n te rp r is e  h a d  th e  o p p o r tu n i ty  to  risk 
cap ita l in a n  a re a  o f  th e  eco n o m y  th a t was a te ch n o lo g ica l f ro n tie r . A ftei 
th e  tim e  a llo tte d  u n d e r  th e  te n u re  h ad  e la p se d , th e  local a u th o r ity  would 
h av e  th e  p o w e r to  p u rc h a s e  th e  c e n tra l s ta tio n  a n d  d is tr ib u tio n  system  (now 
h a v in g  s to o d  th e  les t o f  tim e) w ith  ra te p a y e rs ’ ( ta x p a y e rs ’) m oney . In  the 
a tm o s p h e re  o f  e n th u s ia sm  a n d  s a n g u in e  sp ecu la tio n  o f  th e  sp r in g  o f  1882, 
C h a m b e r la in , P a r lia m e n t, a n d  th e  B o a rd  o f  T r a d e  h a d  ev ery  rea so n  to 
e x p e c t p r iv a te  e n te rp r is e  to  v e n tu re  cap ita l u n d e r  re s tr ic te d  co n d itio n s.

As a m a t te r  o f  fact, th e  c o u n se lo r  fo r  six p r iv a te  lig h t c o m p a n ie s  gave 
h is g e n e ra l a p p ro v a l to  th e  B o a rd  o f  T r a d e  bill, e x c e p tin g  severa l p ro v i
sions. A t r a d e  p u b lic a tio n 44 c h a ra c te r iz e d  th e  bill as e q u ita b le  a n d  in the 
p u b lic  in te re s t ,  a n d  th e  L o n d o n  Economist p re d ic te d  th a t th e  m onopo ly  
g iven  th e  p r iv a te  c e n tra l  s ta tio n  w o u ld  allow  ra te s  to  rise  h ig h  e n o u g h  to 
b r in g  a r e tu r n  o n  th e  in v e s tm e n t w ith in  th e  lim e  o f  t e n u r e .45 S p o k esm en  
fo r  p r iv a te  e n te rp r is e  s in g led  o u t fo r  c ritic ism  th e  b ill’s p ro v is io n  o f  a seven- 
y e a r  te n u re .  S ir  F re d e ric k  J .  B ram w ell, o f  E n g lish  E d iso n , to ld  th e  p a r lia 
m en ta ry  com m ittee  th e  co m p an ie s  n eed ed  a m in im u m  o f  tw enty-one years.44 
E d w a rd  H . J o h n s o n  p ro b a b ly  s u m m e d  u p  th e  a t t i tu d e  o f  A m erican  inves
to rs  w h en  h e  to ld  th e  co m m itte e  h e  w o u ld  p r e f e r  sev en ty  years , o r  better 
still, n o  lim it, b u t E n g lish  b u s in e s sm e n  ac c e p te d  th e  bill w ith  eq u an im ity  
u p o n  its e n a c tm e n t o n  18 A u g u s t 1882. C lau se  27 o f  th e  bill p ro v id e d  for 
a tw e n ty -o n e -y e a r  te n u re .

A n o th e r  o f  th e  c o m p a n ie s ’ c r itic ism s was d ire c te d  ag a in s t th e  so-called 
“sc ra p  i r o n ” p ro v is io n  o f  c lau se  27 . T h e  B o a rd  o f  T r a d e  in te n d e d  th a t if 
th e  local a u th o r i ty  m a d e  a c o m p u lso ry  p u rc h a s e  a f te r  th e  p e r io d  o f  te n u re  
h a d  e la p se d , th e  sa le  p r ic e  w o u ld  be  b ased  u p o n  th e  va lue , as isolated 
e le m e n ts , o f  d y n a m o s , w ire , b ricks, m o r ta r ,  a n d  o th e r  c o m p o n e n ts  o f  the  
o p e ra t in g  c e n lra l- s ta tio n  sy stem — b rick s as b rick s  a n d  m o r ta r  as m o rta r ,  
B o a rd  o f  T r a d e  S e c re ta ry  F a i r e r  e x p la in e d .47 Y et th e  la rg e  n u m b e r  o f 
a p p lic a tio n s  by c o m p a n ie s  fo r  a u th o r iz a t io n 48 u n d e r  (h e  E lectric  L igh ting

*'■'G arvin, Joseph Chamberlain. I: 190 ff.
1 ,Grea( Britain. Parliam ent. H ouse o f Com m ons, The Electric Lighting Act 1882: Minutes of 

Evidence Given before the Select Committee of the Home of Commons (L ondon. 1882). p. 13 (hereafter 
tiled  as Home of Commons Hearing, 1882).

Electrical Review 10 (1882): 283.
Economist (London) <10 (1882): 907.

** L etter to the  Times (L ondon). 21 July 1882.
17 Home of Commons Hearing. 1882, |). 28.

See p. 62 below.
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Act o f  18 8 2 49 in d ica ted  th a t in th e  yea r o f  op tim ism  th e  c o m p an ie s  e x p ec ted  
to  m ake  a p ro fit, c lause  27 n o tw ith s tan d in g .

O th e r  sec tions o f  th e  ac t w ou ld  su b seq u en tly  p ro v e  sig n ifican t, especially  
th e  c lauses d e s ig n e d  to  p re v e n t w h at w ere e n v isag ed  as m on o p o lis tic  abuses. 
U n d e rta k e rs  (utilities) w ere  n o t to  ty ran n ize  cu s to m e rs  by im p o s in g  the 
system  co m p o n e n ts  o f  on ly  o n e  m a n u fa c tu re r . T h e  ce n tra l  s ta tio n , for 
ex am p le , co u ld  n o t p re sc r ib e  any  special fo rm  o f  lam p  (clause 18). Po ten tia l 
cu s to m e rs  co u ld  d e m a n d  th a t su p p ly  m ains be laid  to  th e ir  p rem ises  u n d e r  
co n d itio n s  th a t c o u ld  p ro v e  cosily  to  th e  ce n tra l  s ta tio n  (clause 19), for 
re s tric tio n s  all b u t o u tlaw ed  th e  c h e a p e r , o v e rh e a d  d is trib u tio n  system . In 
sh o rt ,  no  B ritish  e n g in e e r  co u ld  d esig n  a c e n tra l-s ta tio n  system  solely in 
te rm s  o f  eco n o m ic  a n d  tech n o lo g ica l c o n s id e ra tio n s ; in s tead , he  h a d  to 
de sign  fo r  an  e n v iro n m e n t p e rm e a te d  by leg is la tio n .50 E d ison  h a d  d es ig n ed  
his tech n o lo g y  a n d  h is A m erican  b usiness v e n tu re  u n d e r  leg isla tive c o n 
d itio n s  th a t w ere  vastly d if fe re n t  f ro m  these.

A fte r  passage  o f  th e  E lectric  L ig h tin g  A ct, in A p ril, a n d  a f te r  th e  leg
isla ted  c o n d itio n s  h a d  b een  d e f in e d ,  G re a t B rita in — still c o n s id e re d  th e  
w o rld ’s g re a te s t  in d u s tr ia l n a tio n  a n d  o n e  d is tin g u ish e d  by h e r  scien tists 
a n d  e n g in e e rs— seem ed  re a d y  to  m ove a h e a d  w ith  h e r  c en tra l-s ta tio n  in 
du s try . E conom ic  c o n d itio n s  w ere  favo rab le : 1882 fell w ith in  a lim ited  
p e r io d  o f  reco v e ry  d u r in g  th e  "g re a t d ep re s s io n  in B rita in , 1 8 7 3 -1 8 9 6 .”51 
By 1 Ju ly , h o w ev er, it was a p p a re n t  th a t th e  e lec tric  l ig h tin g  co m p an ie s  
a n d  th e  m a n u fa c tu re rs  o f  e lec trica l co m p o n e n ts  w ere  n o t m ak in g  p re p a 
ra tio n s  fo r  th e  an tic ip a te d  w in te r  d e m a n d .52 In  S e p te m b e r  1882 d is g ru n 
tled  B ru sh  s h a re h o ld e rs  q u e s tio n e d  co m p an y  policy .53 By th e  e n d  o f  D e
ce m b e r  th e  v a lu e  o f  e lec tric -lig h t c o m p a n y  s h a re s  h ad  d ro p p e d  d ram atica lly  
fro m  th e ir  s p r in g  h ig h s .54

” 45 & 46 Vici., ch. 56.
50 U nder the act. th ree  means were provided for bestowing powers on the electrical un

dertakings: a special act o f Parliament, a Board o f T rade  license, and a provisional order. 
T he last-named proved to be used most frequently. T he powers bestowed pertained chiefly 
to the breaking up  of public streets, for if a company could manage to supply electricity 
without doing this, there  were no legal fetters. T he Board o f T rade  bestowed provisional 
orders subject to subsequent approval by Parliament. Private companies and individuals anil 
local authorities could obtain powers. A provisional o rder defined the area o f supply; the 
responsibility o f the utility (undertaker) to supply would-be consumers in the area (who might 
not always be in the imm ediate area o f supply lines); the maximum rates and the m ethod of 
assessing rates (satisfactory meters were not available); maximum voltages, in the interest of 
public safety; and inspection procedures to de term ine if undertakers had fulfilled their ob
ligations. T he act is summ arized, and the provisional orders explained, in Engineering .35 
(1883): 374.

51 Sec H. L. Beales, "The ‘G reat Depression' in Industry and T radc ," Economic History Review 
5 (1934): 65-75; and A. E. Musson. “T he  G reat Depression in Britain, 1873-1896: A Reap
praisal," Journal of Economic History 19(1959): 199-228.

” Electrical Review 10 (1882): 473.
”  Ibid. 11 (1883): 209-10. At a stockholders' meeting o f  the Devon and Cornwall (Brush) 

Electric Light Sc Power Co. in Septem ber 1882, a small stockholder challenged the directors' 
purchase o f the Lanc-Fox rights from the parent company. T he  exchange that followed was 
interrup ted  by another small stockholder, who offered to bring a mine lamp to the company 
to make good on any losses that might result from the Lanc-Fox b lunder—he added that he 
saw no reason to wind up the company. T he chairman characterized these remarks as a little 
beside the mark, as lie had heard no hint about winding up the company.

M Slock market quotations in Economist (London) 40 (December 1882).



0 2  N 1 3 T W O R K S  O F  P O W E R

T h e  p a re n t p a te n t-h o ld in g  a n d  fra n c h ise -g ra n tin g  B ru sh  E lectric  L ight 
C o m p a n y  h ad  to  face n o t on ly  a d ec lin e  in th e  v a lu e  o f  its sh a re s  b u t a 
legal lest o f  its c la im  to  an  in c a n d e sc c n t- la m p  p a te n t.  A p p a re n tly  St. G eo rge  
L anc-F ox , in v e n to r  o f  B ru s h ’s lam p , h a d  a ssig n ed  th e  exclusive rig h t o f 
u sin g  a n d  g ra n tin g  licenses fo r  his p a te n ts  to  th e  B ritish  E lectric  L ight 
C o m p a n y  o n  20 July 1881, a n d  o n ly  n in e  days la te r  h a d  m ad e  th e  sam e 
a r r a n g e m e n t  w ith B ru s h .55 P ro b lem s fo r  A n g lo -A m erican  B ru sh  increased  
in 1883 w hen  su b sid ia ry  c o m p a n ie s , "w h o  [h a d  b een ] all e a g e rn e s s  to  ob tain  
a h ig h -p r ic e d  co n cessio n , . . . [w ere] on ly  to o  g lad  to  resell it to  th e  o rig ina l 
g r a n to r  o n  a lm ost n o m in a l te rm s .”55 A yea r a f te r  th e  b r ig h t p ro m ise  o f 
th e  s p r in g  o f  ’82 , th e  A n g lo -A m erican  B ru sh  C o rp o ra tio n  s to o d  revealed  
as a p a te n t-h o ld in g  a n d  m a n u fa c tu r in g  co m p a n y  w hich  h a d  b e e n  fo u n d e d  
on  an  a rc - lig h tin g  system  th a t was n o  lo n g e r  o u ts ta n d in g  in th e  field  and  
on  an  in c a n d e sc e n i- ia m p  p a te n t o f  d o u b tfu l  v a lu e .57

C a u g h t in  th e  sw eep in g  re a c tio n , th e  p a re n t  E ng lish  E d ison  C o m p an y  
so u g h t to  ea se  its d ifficu ltie s . In  O c to b e r  1883 th e  co m p a n y  m e rg e d  with 
its p r in c ip a l c o m p e tito r  in th e  m a n u fa c tu re  a n d  sale  o f  in c a n d e sc e n t lam ps, 
Sw an E lectric  L igh t C o m p a n y , w hich  h a d  b e e n  fo u n d e d  o n  th e  basis o f  the 
p a te n ts  o f  J o s e p h  Sw an o f  N ew castle  u p o n  T y n e ,  th e  in v e n to r  o f  an  in 
can d e sc e n t la m p  th a t was said  to  be c o m p a ra b le  to  E d iso n 's .58 T h u s  the 
H o lb o rn  V iad u c t s ta tio n  becam e  th e  p ro p e r ty  o f  E d iso n  a n d  Sw an U nited  
E lectric  L ig h t C o m p an y , L td . J a m e s  S taa t F o rb es, d ir e c to r  o f  th e  new  e n 
te rp r is e . to ld  s to c k h o ld e rs  in N o v e m b e r 1884 th a t H o lb o rn  h a d  b een  a 
costly a f fa ir  a n d  h a d  cau sed  th e  d ire c to rs  a g re a t d ea l o f  a n x ie ty , hav ing  
b een  o p e ra te d  a t a se rio u s  a n n u a l loss.5,1 T h e  s ta tio n  th e n  passed  from  
p ub lic  view a n d  was a b a n d o n e d  by th e  co m p a n y  in  1886.

O n  20  O c to b e r  1884 E d ison  8c Sw an also  in fo rm e d  th e  B o a rd  o f  T ra d e  
th a t n o n e  o f  th e  p ro v is io n a l o rd e rs  g ra n te d  th e  c o m p a n y  u n d e r  th e  Electric 
L ig h tin g  A ct o r  1882, o rd e r s  th a t en a b le d  th e  c o m p a n y  to  e re c t cen tra l- 
s ta tio n  system s in L o n d o n , w ould  be  c a r r ie d  o u t. In  th e  o p in io n  o f  the 
c o m p a n y ’s d ire c to rs , th e  “v ex a tio u s a n d  h a ra s s in g ” leg is la tion  o f  1882— 
especially  th e  lim ited  te n u re  a n d  “sc ra p  i ro n ” c lau se— c o n d e m n e d  to  fa ilu re  
such  v e n tu re s  on  th e  p a r t  o f  p r iv a te  business . T h is  ac tion  in d ica ted  a tren d : 
in 1883 th e  B o a rd  o f  T r a d e  g ra n te d  six ty -n in e  p ro v is io n a l o rd e rs  fo r  cen- 
ira l-s ta tio n  system s a n d  six ty-tw o w ere  su b se q u e n tly  re v o k e d ; in 1884 only 
fo u r  w ere g ra n te d  a n d  all w ere  rev o k ed ; a n d  in  1885 n o n e  was issued .60

By th e  e n d  o f  1884, th e  d o ld ru m s  h a d  set in. B ad  tim es h a d  n o t com e
u p o n  th e  B ritish  e lec trica l in d u s try  a lo n e , h ow ever. In n o v a to rs  in th e  elec
tric  ligh t a n d  c e n tra l-s ta tio n  in d u s try  fo u n d  th e ir  m e lan ch o lia  ech o ed  by

”  The FAeclncian 10 (1882) (2 iiiul 9 December). In :i subsequent settlement. Lane-Fox 
repurchased his patents from A nglo-Am erican Brush and then gran ted , as part o f the set
tlement, a lull and Irce license to the corporation to sell and use all o r  his inventions that 
were connected with electricity. Electrical Review 14 (1884): 95-96.

’" Economist (London) 42 (1884): 1480.
!‘1 Electrical Review II (1883): 452-53.
’"K enneth R. and Mary F.. Swan. J . VV. Swan: A Memoir (London: Benn. 1929); Brian 

Bowers. "Joseph Swan and the Invention o f the Incandescent Filament Lam p." Papers Presented 
at the Fourth Weekend Meeting on the History of Elecltical Engineering, Durham, England, 2 -4  July 
1976 (London: Institution of Electrical Engineers. 1976). pp  68-70.

’"R eport o f shareholders' meeting. Electrical Review 15 (1884): 397.
'"'Em ile C'>arcke. Manual of Electrical Undertakings (London, 1896). p. 393.
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fimuicic-is a n d  m a n a g e rs  fro m  (lie o ld e r  in d n s ir ie s  o f  sh ip b u ild in g  an d  iron  
a n d  steel.'1,1 K ig lneen  e igh ty -tw o  h ad  m a rk e d  (lie e n d  ol (lie reeoverv  <m  le 
w ith in  th e  "g rea t d e p re ss io n " ; 1888 a n d  IHH-I m a rk e d  th e  b eg in n in g  ol a 
s lu m p ." '’ Vet sp o k esm en  fo r th e  p r iv a te -e n te rp r is e  sec to r ol th e  eleetrical 
in d u s try  w ere re lu c tan t to  view th e  p ro b lem s ol th e  in d u s try  in th e  b ro a d e r  
persp ec tiv e  ol th e  overall eco n o m y ; they  p re fe r r e d  to  lim it th e ir  analysis 
lo  g o v e rn m e n t activity . B ecause investm en t in e lectric  ligh tin g  h ad  been  
heavy  a n d  because  in llu e n tia l p e rso n s  w ere in te re s te d  in th e  electrical in 
d u s try , in 188fi P arliam en t c o n s id e re d  a m e n d m e n ts  to  th e  1882 Electric 
L ig h tin g  A ct.'’’’

A c o m m ittee  o f  th e  M ouse o l L o rd s h e a rd  re p re se n ta tiv e s  ol p riva te  
e n te rp r is e  sp eak  as o n e  in a ttr ib u tin g  th e  d o ld ru m s  to  g o v e rn m e n t leg is
lation. Sir F rederick  J. B ram w ell suited unequivocally  that the  Electric Lighting 
Act o f  1882 h a d  set th e  B ritish  e lectrical in d u s try  hack fo u r  yc;trs." ' L ionel 
L. C o h en , f in a n c ie r  a n d  stock ex c h a n g e  offic ia l, testified  tha t c ap ita l cou ld  
not he fo u n d  fo r  th e  in d u s try  u n d e r  th e  co n d itio n s  o f  th e  ac t." '’ A d ire c to r  
o f  th e  B ank  o f  E n g lan d  a n d  lead in g  e n g in e e rs  a n d  scien tists sw elled the 
ch o ru s  o f  c o m p la in ts  th a t focused  u p o n  th e  te n u re  a n d  “sc ra p  iro n "  clause 
o f  th e  ac t.00

T h e  c o m m ittee  a lso  le a rn e d  o f  o th e r  p rov isions w ith in  th e  act. a n d  p ro 
visional o rd e rs  g ra n te d  u n d e r  th e  act w hich w orked  techn ica l an d  econom ic 
h a rd sh ip s  o n  th e  e n g in e e rs  a n d  s ta tio n  m a n a g e rs .'’7 C o m m ittee  m em b ers  
h e a rd  as well th a t fo re ig n  s ta tes  h ad  not e n ac ted  legisla tion  const ra in in g  
th e  elec tric  lig h tin g  in d u s try .r>H S p o k esm en  fo r  p riv a te  cap ita l co m p la in ed  
not on ly  o f  g o v e rn m e n t re g u la tio n  bu t a lso o f  th e  stim uli th e  act h ad  given 
m u n ic ip a l socialism . J a m e s  S taals F orbes, h ead  o f  Edison  & Sw an, a rg u e d  
th a t th e  local a u th o rit ie s  w ou ld  no t in n o v a te  in th e  e lectrical lig h tin g  Held 
n o r  w ould  th ey  allow  p r iv a te  cap ita l to  in n o v ate . Me asked  rh e to rica lly . "Is 
th a t in th e  in te re s ts  o f  th e  public?"  a n d  rep lied  catego rically . "1 am  s tup id  
en o u g h  to  believe th a t it is n o t ." 69

S p o k esm en  fo r  th e  c e n tra l g o v e rn m e n t a n d  th e  local au th o ritie s , how 
ever, called  th e  a tte n tio n  o f  th e  C o m m ittee  o f  L o rd s to  th e  ad v e rse  effects 
o f  th e  sp ecu la tio n  m an ia  o f  1882 a n d  to  th e  co m p e titio n  o f fe re d  by ch eap

n ,T hc real depression of the eighties began in 1883 in shipbuilding, engineering, .mil the 
iron and steel industry. See J. II. Clapham. An Economic History of Modern Hntmn, .‘1 
(Cambridge: At the University Press, 1981-38). 3: 3—(i.

8 ,Scc p. 61, n. 51. above: and Walt Roslow, British Economy of the Nineteenth Century (Oxlnrd. 
1949), pp. 49. 50.

05 Great Britain. Parliament. Mouse o f Lords, Hr/iorl from the Select Committee of the House of 
Lords on the Electric Lighting Act (1886) . . . (London, I88(i) (hereafter d ied  as l.oids Committee 
Hearing. 1886).

01 Ibid., pp. 46-47.
** Ibid.. p. 4.
m Ibid.. pp. 3 -4 . 15. 33.
n7 Regulations regarding service for would-be customers enabled the < ustomc i to i boose 

the type ol lamp and lo limit the nuiulrcr ol overhead wires.
*" W here local (not national) legislation existed, it was in the nature ol safely regulations 

and was intended to prevent interference with telegraph and telephone installations; see Lords 
Committer Hearing, 1886, p. 218. In the opinion ol one British engineer, the A m eiitans were 
indifferent to accidents and lircs; ibid., p. 634.

*• Ibid.. p. 106.
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g as.70 G o v e rn m e n t e lec trica l e n g in e e r  W illiam  H . P reece  sp o k e  o f  a “m oney 
m ak in g  w orld"  th a t was e a g e r  lo  “ re a p  th e  b e n e fit o f  th e  p a tie n t s tu d e n t, 
th e  in g en io u s  in v e n to r , a n d  th e  d ese rv in g  e n g in e e r .”71 T h e  tow n c le rk  of 
C h a m b e rla in ’s B irm in g h a m  te stified  lh a l th e  ra tio  o f  th e  p rice  o f  gas to 
th a t o f  e lec tric ity  was 1 :2  in B rita in , b u t on ly  2 :3  in th e  U n ited  States. 
T h is , h e  c o n te n d e d , h a d  m o re  to  d o  w ith th e  p ro g re s s  o f  e lec tric  ligh ting  
th a n  w ith g o v e rn m e n t leg is la tio n .72 E lectric  lig h t in B rita in  was a lu x u ry , 
h e  a rg u e d ,  a n d  th u s  was n o t su itab le  fo r  th e  in v e s tm e n t o f  th e  ra te p a y e r 's  
taxes. R ecent analysis o f  th e  re la tiv e  cost o f  gas a n d  e lec tric  lig h tin g  a t tha t 
lim e  su p p o r ts  th e  tow n  c le rk ’s e x p la n a tio n .73

O th e r  ex p la n a tio n s  fo r  th e  d ec lin e  o f  th e  B ritish  cen tra l-s ta tio n  in d u stry  
w ere h e a rd  d u r in g  th e  lim e  o f  its d o ld ru m s ,  b u t in th e  e n d  th e  case m ade 
by p riv a te  e n te rp r is e  was m ost e ffec tive : th e  E lectric  L ig h iin g  A ct o f  1 8 8 2 -  
g o v e rn m e n t leg is la tio n — h a d  p a ra ly zed  th e  c e n tra l-s ta lio n  in d u s try . T h e  
sp o k esm en  fo r th e  e lec trica l in d u s try  ch o se  to  ig n o re  th e  m o re  com plex  
q u es tio n s  o f  n a tio n a l in e r tia , te c h n o lo g y  a n d  te ch n o lo g ica l e d u c a tio n , and  
b usiness cycles. T h e y  c o n c e n tra te d  o n  a m o re  im m e d ia te  p ro b le m , the 
a m e n d m e n t  o f  th e  E lectric  L ig h tin g  Act o f  1882. C h a n g e s  in  g o v e rn m e n t, 
th e  Irish  H o m e  R ule  bill, a n d  ch a n g e s  a t th e  B o a rd  o f  T r a d e  all c o n tr ib u te d  
to  th e  d e lay  in  a m e n d in g  th e  act. T h e  ac t h a d  p assed  d u r in g  G lad sto n e 's  
ru le ; th e  a m e n d in g  bill passed  in 1888 u n d e r  L o rd  S a lisb u ry .74 In  1887 
p riv a te  in v esto rs  h a d  a n tic ip a te d  p assag e  w h en  cap ita l o n c e  ag a in  began  
to  flow  in to  th e  e lec trica l in d u s try . T h e  L o n d o n  E lec tric  S u p p ly  C o rp o 
ra tio n  re g is te re d  in A u g u s t 1887 w ith  a n  a u th o r iz e d  cap ita l o f  £ 1 ,0 0 0 ,0 0 0  
a n d  b o ld  p lan s to  e re c t th e  w o rld ’s g re a te s t  c e n tra l  s ta tio n  in L o n d o n  (see 
p p . 2 3 8 - 4 7  below ).75

O n  28 J u n e  1888 th e  a m e n d in g  bill b e c a m e  law . M ost s ig n if ic a n t am o n g  
its p ro v is io n s w ere  th e  ex te n s io n  o f  te n u re  fo r  p r iv a te  co m p a n ie s  from  
tw en ty -o n e  to  fo rty -tw o  years  a n d  a r e d e f in it io n  o f  th e  co m p u lso ry -p u r-  
c h ase  te rm s  to  th e  a d v a n ta g e  o f  th c  p r iv a te  e n te rp r is e .  T h e  m un ic ip a litie s  
o r  local a u th o r it ie s , o n  th e  o th e r  h a n d ,  rece iv ed  a lim ited  ve to  o n  the  
g ra n t in g  o f  a p ro v is io n a l o r d e r  by th e  B o a rd  o f  T ra d e .

J u s t  as p r iv a te  e n te rp r is e  h a d  b een  re lu c ta n t to  in te r p r e t  th e  d o ld ru m s  
in th e  in d u s try  w ith in  th e  g e n e ra l c o n te x t o f  th e  ec o n o m ic  s lu m p , now, 
w ith th e  a m e n d m e n t  o f  th e  “in iq u ito u s  E lec tric  L ig h tin g  A ct,"  th e  c o r re 
la tion  be tw een  th e  p assag e  o f  th e  a m e n d m e n ts  a n d  th e  g e n e ra l econom ic  
reco v ery  w en t u n n o tic e d . T h c  J u b ile e  Y ear, 1887, m a rk e d  th e  b e g in n in g  
o l a “b risk  rev iv a l.”70 A n a tm o s p h e re  o f  o p tim ism  a n d  e n th u s ia sm  now 
p rev a iled  a m o n g  p r iv a te  e n t r e p r e n e u r s .  In  th e  H o u se  o f  L o rd s  th e  e a r l o f 
C ra w fo rd  p re d ic te d  an  o u tp o u r in g  o f  c ap ita l a n d  fo r ty  th o u s a n d  new  jobs

’" In  I88.r> the rnm pctiiive position o f gaslight had l>een even fu rth e r s trengthened  by the 
introduction of the Wclsbach mantle, which gave a m ore efficient and agreeable light. Philip 
C hantler, The British Has Industry (M anchester: M anchester University Press, 19.38), p. 9.

71 Journal of the Society of Arts .32 (188.3-84): 347.
77 Lords Committee Hearing. 1886. p. 562.
771. C. R. Byatl, The British Electrical Industry, I 8 7 5 - I 9 H  (O xford: C larendon Press. 1979),

pp. 21-28.
71 5 1 & 52 Viet., ch. 12.
75Sec Engineering 94 (I9 I2 ): 163-64. lo r an account t>r thc D eptford  station.
7"C laphatn, Economic History of Modern Britain. 3: 5 -6
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in th e  new ly s u rg in g  sec to r o f  th e  e c o n o m y .77 E n g in ee rs  believed  th a t the  
techno log ica l fo u n d a tio n s  h ad  b een  la id .7" T h e  e d ito rs  o f  B ritish  technical 
jo u rn a ls  w ere  cau tio u s  b u t san g u in e . As o n e  o f  th e m  w ro te , "A t last . . . 
th e  a ir  c lears, a n d  activity  beg ins  to  show  itse lf  all r o u n d .”79 B rita in  w ould 
m ove a h e a d  su re -fo o ted ly , n o t p lu n g e  a h e a d  w ith th e  reck less a b a n d o n  ol 
th e  A m erican  ce n tra l-s ta tio n  m a n a g e rs  w ho h u n g  w ire  in fes to o n s a n d  the 
m a n u fa c tu re rs  w ho  c o u n te n a n c e d  im m in en t obso lescence. T h e  B ritish  
bu s in essm an  w ou ld  n o t d ru m  u p  d e m a n d  frene tica lly , as d id  his A m erican  
co u s in .80 C o ld  sta tistics s u p p o r te d  w arm  se n tim e n ts  as th e  value o f  e lectrical 
sh a re s  tu rn e d  u p w a rd  la te  in  1888, a n d  th e  t re n d  co n tin u e d  in 18 8 9 .81 The 
best in d ica tio n  o f  re n e w e d  o p tim ism  was a d ra m a tic  up sw in g  in th e  n u m b e r  
o f  p ro v is io n a l o rd e rs  g ra n te d : a f te r  1884 th e re  h a d  b e e n  only  o n e : in 1889 
th e re  w ere tw elve; a n d  in 1890 th e re  w ould  be  se v e n ty -fo u r .82

E d iso n ’s ce n tra l-s ta tio n  tech no logy , th e  k ind  th a t h ad  b een  tra n s fe r re d  
to  H o lb o rn  V iad u c t, was n o t rev ived , how ever. D u rin g  th e  six y ears tha t 
se p a ra te d  th e  o rig in a l a n d  a m e n d e d  elec tric  lig h tin g  acts, new  techno logy  
look  ro o t in E n g la n d . T h e  a tte n tio n  o f  th e  p ro fe ssio n a ls  a n d  th e  public 
sh if ted  to  S eb astian  Z. d e  F e rra n ti ,  a y o u n g  B ritish  e n g in e e r  (see p p . 9 7 -  
98  below). H is p lan s  fo r  e lec tric  lig h tin g  w ere as bo ld  as E d ison 's , a n d  he 
soon  b ecam e k n o w n  as th e  B ritish  E dison . English  E d ison 's  H o lb o rn  s ta tion  
was re m e m b e re d  by on ly  a few  a n d  as a h is to ry  o f  th e  fa ilu re  o f  tech no logy  
t ra n s fe r . B ut in  fac t it was n o t th e  tech n o lo g y  th a t h ad  fa iled . T h e  d isil
lu s io n m e n t o f  p r iv a te  in vesto rs  in  1882 a f te r  th e  co llapse o f  stock m ark e t 
sp ecu la tio n  to g e th e r  w ith  th e  p assage o f  th e  E lectric  L ig h tin g  A ct d is c o u r
ag ed  risk  tak in g . T h e  ad v e rse  effec ts  o f  th e  lig h tin g  act m ay have b een  
ex a g g e ra te d  by o p p o n e n ts  o f  re g u la tio n  a n d  m un ic ip a l socialism , b u t p r u 
d e n t  in vesto rs  rea lized  th a t a P a r liam en t th a t co u ld  pass a c o n s tra in in g  act 
in  1882 h a d  th e  a u th o r ity  a n d  possibly th e  will to  f ru s tra te  d ev e lo p m en t. 
F u r th e rm o re ,  in  th e  1880s, a lth o u g h  local g o v e rn m e n ts  h ad  th e  a u th o rity  
to  d ev e lo p  u tilities  a n d  w ere  o f te n  c o m m itted  to  m un ic ip a l socialism , they  
d id  n o t believe th a t  ra te p a y e rs ’, o r  ta x p a y e rs ’, m o n ey  sh o u ld  be invested  
in a te ch n o lo g y  w hich  h a d  n o t yet b een  p ro v en . A lso, m u n ic ip a l g o v e rn 
m en ts  h a d  inv ested  heavily  in  gas ligh ting . T h e  relatively  low p rice  o f  
gaslig h t d isc o u ra g e d  in v es tm en t in an  e lectrical system . It sh o u ld  be n o ted , 
h ow ever, th a t in  th e  U n ited  S lates th e  E d ison  c o m p an y  (an d  la te r  its co m 
p e tito rs ) was ab le  to  sell c e n tra l-s ta tio n  ligh t as a lu x u ry .

T h e  rela tively  slow d e v e lo p m e n t o f  English  e lec tric  su p p ly  system s, es
pecially  in L o n d o n , is ea s ie r to  p ro b e  w ith h in d s ig h t th a n  it was fo r analysts 
in  th e  1880s. T h e  m id -d ecad e  d o ld ru m s  w ere th o u g h t by m ost to  be a 
tran s ito ry  p h ase , b u t h isto rica l persp ec tiv e  reveals th a t fa ilu re  o f  th e  H o l
b o rn  V iad u c t s ta tio n  a n d  o th e r  p ro jec ts  was sy m p to m atic  o f  a tre n d . As 
th is s tu d y  will show , th e  H o lb o rn  fa ilu re  was soon  fo llow ed by th e  D e p t
fo rd  fa ilu re  (see p p . 2 3 8 -4 7  below). M oreover, as la te  as 1920 L o n d o n ’s

77 Electrical Engineer (London) 1 (1888): 380.
Electrical Engineer (New York) 8 (1889): 478.

7U Electrical Engineer (London) 2 (1883): 245.
“  Electrical Review 23 (1888): 329-30.
*' Economist (London) 47 (1889): I2G9.
"7 Garcke. Manual of Electrical Undertakings, p. 394.
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Figure 111.8. Emil Rathrnau. Courtesy of 
Rrrhnrr Kraft-und Licht AG (formerly

BEW).

e lectric  ligh ting  a n d  po w er facilities w ere ju d g e d  b ackw ard  w h en  co m p ared  
to  th e  system s e m p lo y ed  in o th e r  m e tro p o lita n  c e n te rs  o f  th e  W este rn  w orld 
(see p. 260  below ). W ith th e  e x cep tio n  o f  a p o w er system  o n  th e  n o rth e a s t 
coast, th e  g en e ra l situ a tio n  in E n g lan d  was also j u d g e d  to  be  n eg a tiv e  w hen  
ev a lu a ted  in te rm s  o f  th e  p rev a ilin g  c r ite r ia  o f  e lec trica l d e v e lo p m e n t.

B eliev ing  th a t th e  e conom ic  s ta g n a tio n  o f  th e  m id -1 8 8 0 s was an  ab n o rm a l 
co n d itio n , advoca tes  o f  th e  d e v e lo p m e n t o f  e lec tric  lig h tin g  id en tif ied  only 
its im m ed ia te  causes, such  as th e  1882 leg isla tion  a n d  th e  co m p e titiv e  price  
o f  gas ligh ting . I f  they  co u ld  have fo re seen  th e  ev en ts  o f  th e  n ex t th re e  
d ecades, they  w ould  have know n  th a t a f te r  rev is ing  th e  o f fe n d in g  legis
la tion , lo w ering  th e  p rice  o f  e lec tric  lig h tin g , a n d  in tro d u c in g  fo rm s of 
e lec tric  p o w er w ith w hich gas co u ld  no t c o m p e te , L o n d o n  a n d  m uch  of 
E n g lan d  w ould  c o n tin u e  to  be labe led  b ackw ard  by e lec trica l en g in e e rs  and  
m a n a g e rs  w hen  c o m p a re d  to  B erlin  a n d  C h icago , G e rm a n y  a n d  th e  U nited  
S tales. K now ing  this, they  too  w ould  have  p ro b e d  m o re  d eep ly  fo r  long- 
ru n , o r  u n d e rly in g , causes. W ith  h in d s ig h t, th e  f ru s tra t in g  in flu en ce  o f  a 
series o f  legislative acts, especially  th o se  th a t w ere  p a r lia m e n ta ry  in o rig in , 
loom s la rg e  as an  u n d e rly in g  cause . T h e s e  acts, h o w ev e r, re flec ted  the 
pervasively conserva tive  a tt itu d e s  o f  eco n o m ic , po litical, a n d  technological 
in te re s t g ro u p s  th a t w ere q u ite  co n te n t w ith  th e ir  s ta tu s  a n d  fu tu re  in a 
w orld w ith o u t e lec tric  po w er system s. F o r ex a m p le , e lec tric  p o w er supply  
th re a te n e d  to  o v e r ru n  a n d  w eaken  th e  a u th o r ity  o f  local g o v e rn m e n ts , to 
d isp lace th e  e s tab lished  gasligh t tech n o lo g y , a n d  to  d e v a lu e  in v es tm en ts  in 
th a t o ld e r  te ch no logy  a n d  its in stitu tio n s. T h e  p o w er o f  th e se  a n d  o th e r  
conserva tive  in te re s ts  was rev ea led  c learly  d u r in g  th e  D e p tfo rd  e p iso d e  a nd  
d u r in g  th e  e ffo r ts  to  b r in g  a u n ified  e lec tric  su p p ly  system  to  L o n d o n  (see 
pp . 247 a n d  260  below).

T h e  h is to ry  o f  th e  t ra n s fe r  o f  E dison  tech n o lo g y  to  B erlin  is no tab ly  
d if fe re n t, d e sp ite  th e  lact th a t th e  system  e x p o r te d  to  G e rm a n y  was sim ilar 
to  th a t installed  a l H o lb o rn  V iaduc t. A gain , h ow ever, th e  ex p la n a tio n  o f 
how  th e  system  fa red  is no t sim ply  techn ica l.

T h e  h is to ry  o f  th e  t ra n s fe r  beg ins a l th e  Paris In te rn a tio n a l E lectrical 
E xh ib ition  o f  1881. A m o n g  th e  h u n d re d s  o f  th o u sa n d s  o f  visito rs to  the 
Paris exh ib itio n  w ere  th re e  m en  w ho a re  now  re co g n ized  as o u ts ta n d in g  
figu res  in th e  h is to ry  o f  electrical tech n o lo g y , a n d  all th re e  w ere  in fluen tia l 
in b r in g in g  E dison  tech no logy  to  G e rm an y . W e rn e r  von S iem en s (1 8 1 6 -  
1892) a lread y  h ad  th e  re p u ta tio n  o f  a le ad in g  G e rm a n  elec trica l inv en to r 
an d  m a n u fa c tu re r  o f  te le g ra p h  a p p a ra tu s ,  a n d  his co m p an y , S iem ens 8c 
H alske, was m ov ing  in to  a rc  ligh ting . Emil R a ih e n a u  (1 8 3 8 -1 9 1 5 ) , a re l
atively u n k n o w n  m echan ica l e n g in e e r , visited th e  ex h ib itio n  h o p in g  lo  find 
new o p p o r tu n itie s  fo r techno log ica l in n o v a tio n . H av in g  s tu d ie d  in H an 
no v e r an d  Z urich , lie was a m e m b e r o f  th e  new  g e n e ra tio n  o f  en g in ee r in g -  
sch o o l-ira in ed  en g in ee rs . B efo re  bu y in g  a n d  o p e ra t in g  a sm all m ach ine 
factory  in B erlin , he  h ad  w orked  as an  e n g in e e r  w ith th e  B orsig  L ocom otive 

it OI|. S i ' i  ^ u q o ' l *1 c -lol l n Berm e n g in e e r in g  sh o p s  in G reenw ich , 
m g  an t . n R a ih en au  so ld  his factory  a n d  trav e led  ex tensive ly  ab road  

seek ing  e n tre p re n e u r ia l  o p p o rtu n itie s . The th ird  G e rm a n  v isito r o f  note 

^ n Z ^ r i 8 ,a r  ( l8 5 5 - |9 34). w ho also h ad  b een  tra in e d  at an
B avarian  ^ i  * m c,l).a iu l w ould  la te r  becom e th e  h ead  o f  a lead ing  

c rica en g in e e r in g  c o n su ltin g  firm  a n d  a p io n e e r  in th e  d e 
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Figure III.9. Decorative incandescent 
lamps surrounding statue of Virgin and 

child, Munich exhibition, 1882. From 
Offizieller Bericht . . . Miinchen 

1882, p. 65.

v e lo p m en t o f  w a te r p o w er a n d  reg io n a l p o w er system s (see pp . 3 3 4 -5 0  
below ).

A fte r  v iew ing th e  E d iso n  d isp lay  in Paris, R a th e n a u  d e c id e d  to  buy  (lie 
r ig h ts  lo  th e  E d ison  p a te n ts  in G e rm an y . H e  n e g o tia te d  w ith th e  C o m p a g n ie  
co n tin e n ta le  E d ison , w hich  h a d  b een  estab lish ed  to  d isp o se  o f  E d ison  p a ten t 
r ig h ts  in  E u ro p e . In  ad d itio n  to  th is co m p an y , th e  E d ison  in te re s ts  h ad  
estab lish ed  th e  S ociete  e lec tr iq u e  E d ison  to  m a rk e t sm all, iso lated  p lan ts  
a n d  th e  Societe  in d u s tr ie lle  e t com m erc ia le  E d ison , loca ted  in Ivry , n e a r  
Paris, to  m a n u fa c tu re  E d ison  in v en tio n s .83 R a th e n a u  tu rn e d  lo  severa l G e r 
m an  b an k in g  h o u ses  fo r  f in an c in g  a n d  in Ju ly  1882 a c q u ire d  th e  p a te n t 
rig h ts  f ro m  th e  F re n c h  co m p an ie s . T h e  p a r tie s  to  th e  a g re e m e n t w ere, on  
th e  o n e  h a n d , th e  b a n k in g  h o u se  o f  G e b r iid e r  S u lzbach  o f  F ra n k fo r t  on  
th e  M ain, J a c o b  L a n d a u  o f  B erlin , a n d  th e  N a tio n a l-B an k  fu r  D eu tsch lan d ; 
an d , o n  th e  o th e r  h a n d ,  C o m p a g n ie  co n tin e n ta le  E dison  a n d  Societe  e lec
tr iq u e  E d iso n  o f  Paris. By a g re e m e n t th e  b a n k in g  h o u ses  (an d  R a th en au )  
es tab lished  a S ociete  d ’e tu d e  (an e x p lo ra to ry  v e n tu re  to  a sce rta in  th e  te c h 
nical a n d  co m m erc ia l feasib ility  o f  th e  E d ison  system  in G e rm an y ) w ith th e  
in te n t o f  e s tab lish in g  a p e rm a n e n t  e n te rp r is e  a f te r  a s tip u la te d  p e r io d  o f  
m o n th s .84 T h e  S oc ie te  d ’e tu d e  p ro c e e d e d  to  try  th e  tech n o lo g y  a n d  ex p lo re  
th e  m a rk e t in B e rlin , M u n ich , a n d  S tu ttg a r t  by m ak in g  several sm all in 
s ta lla tions in  p r iv a te  c lubs a n d  th e a te rs  a n d  by d isp lay in g  th e  system  a t an  
e lectrical ex h ib itio n  o rg a n iz e d  in 1882 in M u n ich  by O sk a r  von M iller 
(1 8 5 5 -1 9 3 4 ). R a th e n a u  a n d  von M iller cam e to  know  each  o th e r  th ro u g h  
th e  e x h ib itio n  a n d  von  M iller jo in e d  R a th e n a u  in th e  new  e n te rp r is e .

P e rsu a d e d  o f  fav o rab le  d ev e lo p m e n ts , o n  13 M arch  1883 th e  th re e  G e r
m an  b a n k in g  h o u ses  fo u n d e d  a p e rm a n e n t co m p an y  h e a d e d  by R a th en au . 
T h e  D eu tsch e  E d iso n  G ese llsch a fl f iir  an g e w a n d te  E lectric ita i (G e rm an  
E dison  C o m p a n y  fo r  A p p lied  E lectricity) was estab lish ed  to  exp lo it “in 
d u s tr ia lly ” all p a te n ts  g ra n te d  to  E d ison  in G e rm a n y  re la ted  “to  m e a su re 
m en t, d is tr ib u tio n , a n d  a p p lica tio n  o f  E lectric ity  fo r  lig h tin g  a n d  th e  tra n s 
m ission o f  e n e rg y .” T o  e x p lo it th e  p a te n ts  a n d  th e  license ac q u ire d  from  
C o m p a g n ie  co n tin e n ta le , G e rm a n  E d ison  h ad  th e  rig h t to  m a n u fa c tu re  o r  
have  m a n u fa c tu re d  in  th e  fac to ries  o f  th e  fo re ig n  E dison  co m p an ie s  th e  
a p p a ra tu s  o f  th e  E d ison  system  a n d  th e  r ig h t to  e rec t lig h tin g  in sta lla tions 
o r  ced e  th is r ig h t to  o th e rs . C ash  p a y m en t to  th e  Paris co m p an y  fo r th e  
rig h ts  a n d  license1 was 35 0 ,0 0 0  m arks. T h e re  w ould  also be royalties on  
in can d escen t lam p s so ld  a n d  u sed  in G e rm a n y  a n d  on  th e  in sta lla tions 
acco rd in g  to  h o rse p o w e r. G e rm a n  E dison  was to  dea l exclusively in th e  
E dison  system  o f  in can d escen t ligh tin g , b u t cou ld  em ploy  any  system  o f  its 
cho ice  fo r  a rc  ligh tin g . T h e  co m p an y  also h ad  th e  au th o rity  lo  estab lish  
su b sid ia ry  e n te rp r is e s . Its cap ita l o f  five m illion m ark s was d iv id ed  in to  ten

*’ Conrad Malschoss, “Die gcscbichllicbc Entwicklung der Allgcmcincn Elcklricilals-Gc- 
sellschafl in den crslcn 25 Jnlircn ihres Bcslchcns." Beitrage m r C.eschichtr drr Techmk tnut 
Industrie I (1909): 55-56.

"‘‘ T he 1882 agreem ent is summ arized in an undated (1883?) ''Contract. M em orandum  of 
Agreem ent" entered into by the German banks named above and by tbc Edison companies 
in Paris. This docum ent in tbc Edison Archives is nut dated, but is an am endm ent to the 
1882 agreem ent. On Germ an banks and the electrical industry, see H ugh N ctthurgei, "The 
Industrial Politics ol the Kreditbanken, 1880-191 *1." Business History lleinrw 51 (Summer 1977): 
192.
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th o u sa n d  sh ares . By re so lu tio n  o f  th e  b o a rd  a n d  a g e n e ra l sh a re h o ld e rs  
m ee tin g , c o m m o n  stock  co u ld  be in c reased  a n d  p re f e r r e d  stock  issued. 
B esides slock, th e re  w ere  fo u n d e rs ' ce rtif ic a te s  th a t  en tit le d  th e  h o ld e rs  as 
a g ro u p  to  take  35 p e rc e n t o f  th e  n e t p ro f its  a f te r  a 6 p e rc e n t d iv id en d  
h ad  b een  d ec la red  o n  th e  p a id -u p  stock. T h e  c o m p a n y  issued  2 ,5 0 0  fo u n 
d e rs ’ ce rtifica tes. T h e se , h ow ever, d id  n o t convey  a s h a re , o r  eq u ity , in the 
com pany . O n e  th o u sa n d  certific a te s  w ere  issued  to  th e  firs t su b sc rib e rs  to 
stock on  th e  basis o f  o n e  ce rtifica te  fo r  ten  sh a re s  p a id  u p . T h e  C o m p ag n ie  
co n tin e n la le  a n d  th e  Societe  e le c tr iq u e  in Paris rece ived  th e  re m a in in g  
fifteen  h u n d re d .  T h e  C o m p a g n ie  c o n tin e n ta le  a lso h a d  th e  p o w er to  a p 
p o in t tw o p e rm a n e n t “com m issio n e rs"  lo  g u a rd  its r ig h ts  a n d  in te re s ts  in 
th e  co m p an y . The c o m m issio n e rs  a n d  d ire c to rs  o f  th e  c o m p a n y  w ou ld  get 
10 p e rc e n t o f  th e  co m p an y  s u rp lu s  re m a in in g  a f te r  th e  6  p e rc e n t d iv id en d  
to  s to ck h o ld e rs , th e  35 p e rc e n t sh a re  o f  th e  n e t p ro f its  to  th e  h o ld e rs  of 
fo u n d e rs ' ce rtifica tes , a n d  th e  5 p e rc e n t o f  th e  s u rp lu s  to  a re se rv e  fu n d  
h ad  b een  p a id .8-'

T h e  C o m p ag n ie  c o n tin e n la le , w ith th e  san c tio n  o f  T h o m a s  E d ison  and  
th e  E dison  E lectric L ight C o m p a n y  o f  E u ro p e , L td ., o f  N ew  Y ork , n o t only 
t ra n s fe r re d  p a te n t rig h ts  a n d  licenses fo r  th e  m a n u fa c tu re  a n d  e rec tio n  of 
lig h tin g  in s ta lla tions b u t also a g re e d  to  k eep  G e rm a n  E d ison  a p p r is e d  of 
all E dison  in v en tio n s un til 15 N o v em b er 1886. In  a d d itio n , th e  Paris com 
pany  w ou ld  aid  a n d  assist G e rm a n  E dison  in th e  tech n ica l d e v e lo p m e n t of 
m a n u fa c tu r in g  facilities a n d  w ould  fu rn ish  to  G e rm a n  E d ison  su itab le  “in
s tru c to rs ." 86

In  G erm an y , p ru d e n c e  d ic ta ted  th a t th e  G e rm a n  E d ison  C o m p a n y  reach  
an  u n d e rs ta n d in g  w ith th e  d o m in a n t co m p an y  in e lec trica l te ch n o lo g y  and  
m a n u fa c tu r in g . In  M arch  1883, th e re fo re .  G e rm a n  E d ison  n eg o tia ted  a 
“m e m o ra n d u m  o f  a g re e m e n t"  w ith th e  firm  o f  S iem en s Sc H a lske . T h e  
pa rtie s  to  th e  a g re e m e n t besides S iem ens Sc H a lsk e  w ere  T h o m a s  E dison; 
th e  Edison  E lectric L ight C o m p an y  o f  E u ro p e , L td .; C o m p a g n ie  co n lin en - 
tale; a n d  th e  b an k in g  h ouses  G e b r iid e r  S u lzbach , J a c o b  L a n d a u , a n d  the 
N atio n a l-b an k  fu r  D eu tsch lan d . A c co rd in g  to  th is  a g re e m e n t,  S iem ens Sc 
H alske. w hich  h ad  ten ta tive ly  b eg u n  m a n u fa c tu r in g  in c a n d e sc e n t lam ps 
with a license fro m  th e  Sw an C o m p an y , E d iso n ’s c o m p e tito r , a g re e d  not 
to  o p p o se  E dison  in c a n d e sc e n t- la m p  p a te n ts  th ro u g h  litiga tion  a n d  to  m an
u fa c tu re  E dison  lam ps u n d e r  license a n d  w ith  roya lty  p a y m e n t. B o th  G er
m an  E dison  a n d  S iem ens Sc H alske, as a re su lt, h a d  E d ison  m a n u fa c tu r in g  
rig h ts  fo r in can d escen t lam ps. I he  la tte r  f irm , h o w ev er, a g re e d  n o t to 
install Edison  lig h tin g  in G erm an y , bu t to  leave th is  w ork  lo  G e rm a n  Edison. 
In  tu rn ,  G e rm a n  E dison  w ould  p u rc h a se  an  E d ison  ty p e  o f  g e n e ra to r  and  
o th e r  e q u ip m e n t fo r th e se  in s ta lla tions (w ith th e  e x c e p tio n  o f  th e  lam ps) 
fro m  S iem ens Sc H alske. T h e  license to  S iem en s Sc H a lsk e  to  m an u fa c tu re  
E dison e q u ip m e n t was to  ru n  fo r  ten  yea rs .87

"Articles or Association ol the Herman Edison Com pany lor Applied Electricity” (1883): 
a copy is in the Edison Archives. ' ' '

'""Articles or Association." EA.

von’s ie m T n T H ^  I f  & Halske” 16 Ma" h  >883. EA. See Ceorg
Albcr, 1957) |- 92-93 ant\ c  i ' ranS A' F' Rod8er> 2 vo,s- (Freiburg/Munich:
1934 (Berlin': VDI Ver'lag. n .dTp. IO.alSCl'° SS "  WJahre B" liner E^rizitabwtrke. 1884-
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Figurr III .10. "Edison" in /lashing 
lamps. Exhibit dr signed by VV. J. Hammer 
for the health exhibition in Berlin. 188.1.

Courtesy of the National Museum of 
\mrncan History. Smithsonian Institution, 

Washington, D.C.

W illiam  H a m m e r, (he ex p e rie n c e d  E dison  e lec tric ian , left English  E dison 
to  jo in  R a th e n a u ’s new  c o m p an y  fo r e ig h te e n  m o n th s  as c h ie f  en g in e e r  
a n d  e x p e r t  fo r  th e  t ra n s fe r  o f  th e  E d ison  techno logy . H a m m e r left th e  
Edison  co m p an y  because  o f  his d if fe re n c e s  w ith A rn o ld  W hite. T h o m a s  
E dison w ro te  to  H a m m e r, say ing , “1 am  p erfec tly  well satisfied  th a t ev e ry 
th in g  fab o u l y o u r  d e p a r tu re ]  is e x p la in ed  by th e  nam e  ‘A rn o ld  W h ite .’ "HH 
Y ears la te r, acco rd in g  to  H am m er, Edison  co n fid ed  th a t H a m m e r m ust 
have b een  u p  aga in st " th e  two m eanest m en I ev e r m et . . . A rn o ld  W hile

'"F.ilison lo W. Ham mer, 4 Angus' 1883. Ham mer Collection.
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>

I . I I .  Thomas Edison and Emil 
i. Courtesy of Berliner Kraft-und 

Licht AG (formerly BEW).

in E n g lan d  & Em il R a lh e n a u  in G e rm a n y ." " 9 (See Fig. 111.11.) B u i in the  
su m m e r  o f  1883, H a m m e r  was a c tin g  as liaison Tor R a th e n a u  w ith Edison . 
H a m m e r  in fo rm e d  E d ison  th a t th e  G e rm a n  co m p a n y  was lo o k ing  beyond  
th e  iso lated  in s ta lla tions o f  th e  e x p lo ra to ry  e n te rp r is e  to  tw o c e n tra l sta tions 
in B erlin : o n e  to  su p p ly  a block  o f  b u ild in g s , in c lu d in g  th e  C a fe  B au e r, a 
w ell-know n B erlin  e s ta b lish m e n t, th e  l ig h tin g  o f  w h ich  w ou ld  a ttra c t c o n 
s id e rab le  a tte n tio n ; a n d  a n o th e r  to  ligh t ce n tra l  B erlin  w ith  Fifty th o u sa n d  
in can d escen t lam ps. T h e  la tte r  w ou ld  fu n c tio n  as a m o d e l fo r  ce n tra l  s ta 
tions th ro u g h o u t  G e rm a n y , ju s t  as P earl S tre e t h a d  d o n e  fo r  th e  U n ited  
S tates a n d  H o lb o rn  V iad u c t h a d  b e e n  ex p e c te d  to  d o  fo r  B rita in . H am m er 
m a d e  it c lea r th a t R a th e n a u  p re f e r r e d  to  o b ta in  h is tech n ica l in fo rm a tio n  
d irec tly  f ro m  E d ison  r a th e r  th a n  fro m  Paris. R a lh e n a u  w an ted  p lan s, b lu e 
p r in ts ,  a n d  d e ta ile d  spec ifica tio n s fo r  c e n tra l s ta tio n s  b ased  o n  E d iso n ’s 
e x p e r ie n c e . T h e  layout o f  a cen tra l-s ta tio n  d is tr ib u tio n  system  especially 
co n c e rn e d  R a lh e n a u , so H a m m e r  w an ted  to  know  if  a sm all-scale  analog  
m odel o f  d is tr ib u tio n  sh o u ld  be bu ilt, su ch  as th e  o n e  d o n e  a t M en lo  Park 
in p re p a ra tio n  fo r  P earl S tre e t,  o r  w h e th e r  E d iso n  co u ld  m ee t th e  re q u ire 
m en ts  sen t by th e  G e rm a n  c o m p a n y  by s u p p ly in g  a d e ta ile d  p lan . As ag re e d , 
R a th e n a u  also w an ted  w o rd  o f  th e  new est E d iso n  in v e n tio n s  d isc lo sed  to 
G e rm a n  E d ison  im m ed ia te ly . S iem en s 8c H a lsk e , a n tic ip a tin g  f u tu re  o rd e rs  
fro m  G e rm a n  E d ison , was a lre a d y  d isa ssem b lin g  E d iso n  g e n e ra to rs  to  a n a 
lyze co n s tru c tio n  de ta ils . In  a d d itio n , R a lh e n a u  w a n te d  a w ell-in fo rm ed  
E d ison  m an  to  co m e  to G e rm a n y  to  assist in th e  e s ta b lish m e n t o f  an  in- 
ca n d e sc e n t- la m p  fac to ry . In  1883, R a th e n a u , th o u g h  obv iously  d e p e n d e n t 
on  E d ison  in e lec trica l m a tte rs , was a lre a d y  p la n n in g  m o d if ica tio n s  and  
ad a p ta tio n s  in s te a m -e n g in e  d es ig n , an  a re a  in  w h ich  h e  h a d  e x p e rtis e  and  
in w hich E dison  h a d  re lied  o n  o th e r s .90

By th e  fall o f  1883 th e  b loom  was o f f  th e  ro se . R a th e n a u  h im se lf  w ro te  
to  E d ison  te llin g  him  th a t he a n d  h is P aris f r ie n d s  h a d  g o tte n  G e rm a n  
E d ison  in to  “a very  sad  d ile m m a .” T h e  G e rm a n  c o m p a n y  h a d  cu ltiva ted  
th e  soil well fo r  “th e  g ra in  we m e a n t to  sow ,” b u t th e  le ad  in  th e  E u ro p e a n  
lig h tin g  b usiness  h ad  passed  to  o th e rs . A m o n g  th e  p ro b le m s  w ere  these. 
B ecause T h o m a s  E d ison  h ad  to ld  R a lh e n a u  th a t th e  E d iso n  ty p e -H  g e n 
e ra to r  w ou ld  ru n  five h u n d re d  lam p s, h e  h a d  p ro c e e d e d  lo  o r d e r  fifteen  
g e n e ra to rs  f ro m  S iem en s 8c H alske  a n d  to  tak e  o rd e r s  f ro m  cu sto m ers . 
T h e  e n g in e e rs  a t S iem en s 8c H a lsk e  h a d  o p in e d  th a t th e  g e n e ra to r  w ould 
su p p ly  on ly  fo u r  h u n d re d  lam p s, b u t, re ly in g  o n  E d iso n , R a th e n a u  had  
g o n e  a h e a d  se lling  th e  m ach in e  fo r  five h u n d r e d .  W h e n  so  tr ie d ,  th e  a r 
m a tu re s  o f  th e  m ach in es b u rn e d  th ro u g h  th e  firs t d ay . A t c o n s id e rab le  
ex p e n se  R a th e n a u  h a d  to  c o m p e n sa te  fo r  th e se  losses. A lso, E d iso n  had  
n o t s e n t th e  d e ta ile d  p lan s fo r g e n e ra to rs  th a t  w o u ld  su p p ly  a h u n d re d  
lam ps, a n d  th e se  w ere  th e  m ach in es  Tor w hich  c o m p e tito rs  w e re  fin d in g  a 
lively m a rk e t in G erm an y . Scarcely  any  re liab le  h e lp  fo r  th e se  a n d  o th e r  
p ro b le m s was fo r th c o m in g  fro m  Paris, a n d  th e  s ta te  o f  a ffa irs  was b eco m in g  
u n b e a ra b le  as th e  b usiness w en t to  o th e rs , d e sp ite  th e  e ffec tiv e  p re p a ra tio n s  
a n d  a d v e rtis in g  o f  G e rm a n  E d iso n .91

" N o te  by H am m er about his conversation will, Edison in I HR!). H am m er Collection 
'" 'H am m er to Edison. 16 July 1883. EA.

Kallicnaii to Edison, 13 O rlolx-r 1883. FA
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A n o th e r  p ro b lem  was th e  sta tu s  ol th e  E dison in can d escen t-lu m p  pa ten ts  
in G erm an y . T h e se  w ere not secu re , in p a il  because  ol th e  Swan p a ten ts . 
E dison  was adv ised  by J o s h u a  Bailey, a re p re se n ta tiv e  lot th e  E dison Elec
tric  L ight C o m p an y  o f  E u ro p e  a n d  th e  C o m p ag n ie  c o n lin e n ia le , to  com e 
to  an  u n d e rs ta n d in g  w ith Sw an in G erm an y . Bailey also adv ised  E dison to 
s en d , as re q u e s te d , a th o ro u g h ly  co m p e te n t p e rso n , like Francis U p to n , to 
G e rm an y  to  h e lp  R a th e n a u  p lace an  in can d escen l- lam p  facto ry  in o p e ra 
tion . G e rm a n  E dison  was p re p a re d  to  pay him  u p  to  $300 . T h e  a lte rn a tiv e , 
p e rsu a d in g  G e rm a n  E dison  to  p u rc h a se  lam ps fro m  th e  U n ited  S tates, was 
not a viable o p tio n  because  G e rm a n  n a tio n a lism  w ould  b rin g  G erm an s  to 
buy lam ps m ad e  in G erm an y : "Y ou m ay th in k ,"  Edison  was to ld , " tha t 
n a tio n a l fee ling  d o es no t w eigh aga inst econom y, but that is a co m p le te  
e r ro r .  A ny G e rm a n  in te r lo p e r  w ould  have all th e  n a tio n a l sy m p ath ies , an d  
w ould  hold  th e  G e rm a n  m ark e t aga inst a fo re ig n  lam p  that sh o u ld  be bo th  
c h e a p e r  a n d  b e tte r ."  F u r th e rm o re ,  G e rm a n  p a ten t law re q u ire d  that w ithin 
th re e  years fro m  its g ra n tin g , th e  p a te n t sh o u ld  be w orked  to  an  ex ten t 
a d e q u a te  to  su p p ly  th e  m ark e t. S ince S iem ens was m a n u fa c tu r in g  on ly  o ne  
h u n d re d  lam ps a d ay , G e rm a n  Edison  n e e d e d  to  p lace a factory  in to  p ro 
d u c tio n . T h e  p u rc h a se  o f  lam ps from  th e  Paris facto ry  was im practical 
b ecause  th e  qua lity  o f  th e  lam ps was u n ev en . Also, J a m e s  H ip p ie , who 
advised  th e  Paris co m p a n y  on  lam p  m a n u fa c tu re , was believed  to  be out 
o f  to u ch  w ith new ly d e v e lo p e d  tech n iq u es  in th e  U n ited  S tates. T h o m a s  
E dison  was also  u rg e d  to  p ro v id e  an  econom ic  analysis o f  th e  costs o f  the 
Pearl S tree t sta tio n  since it b eg an  o p e ra tin g  in th e  fall o f  1882. D espite 
public ity  f ro m  th e  U n ited  S tates to  th e  e ffec t th a t la rge  p ro fits  w ere ac 
c u m u la tin g , B ailey h a d  b een  u n ab le  to  co n firm  this. In v esto rs  w ere re lu c 
ta n t to  invest in ce n tra l  s ta tio n s in E u ro p e  u n til c red ib le  fig u res  w ere avail
able. T h e y  h ad  h e a rd  ru m o rs  th a t th e  New Y ork u tility  was o p e ra tin g  at 
a loss, b u t even  a s ta te m e n t o f  loss m ig h t have been  p re fe ra b le  to  the  
ru m o rs .92 In  fact, as in te rn a l co rre sp o n d e n c e  revea led , th e  Edison  Illu 
m in a tin g  C o m p an y  was losing  m oney , b u t a p p a re n tly  Edison  a n d  his a d 
v isers w ere  no t inc lined  to  sh a re  th e  in fo rm a tio n  (see p. 45 above).

N everthe less , G e rm a n  Edison  w ent ah ead  with its p lans to  bu ild  two 
c en tra l sta tions. B e fo re  th e  techn ica l p ro b lem s cou ld  becom e th e  c e n te r  o f  
a tte n tio n , how ever, political obstacles h ad  to  be o vercom e. R a th en au . O sk ar 
von Miller, a n d  th e  o th e r  m anagers o f  G erm an  Edison had  probably learned  
o f  th e  fru s tra tin g  political situ a tio n  in B rita in  a n d  an tic ip a ted  g o v e rn m en t 
reac tion  w ith trep id a tio n . T h e  B erlin  g o v e rn m e n t h ad  am o n g  its leg isla tors 
an d  offic ia ls p e rso n s  w 'hose views para lle led  th e  views e x p re ssed  in B rita in . 
B erlin  ow n ed  its gas u tility , a n d  th e re  w ere those  w ho w an ted  the  city to 
ow n a n d  o p e ra te  an  e lectric  utility  as well. The cen tra l, o r  n a tiona l, gov 
e rn m e n t d e fe r re d  to  th e  city g o v e rn m e n t because, as in th e  U n ited  States, 
con stitu tio n a l a r ra n g e m e n ts  p ro v id ed  local a u th o ritie s  in d e p e n d e n c e  in the  
re g u la tio n  o f  u tilities .93 T h e  g o v e rn m en t o f  th e  s ta te  o f  Prussia  e x p re ssed  
som e in te rest in fram in g  special p rov isions to  gov ern  th e  in co rp o ra tio n  
a n d  o p e ra tio n  o f  electrical en te rp r ise s , but se rious m oves in this d irec tio n

U7 |. Dailey to Edison. 21 O ctober 1883, EA.
,n G. Siegel. Die Elektniilalsgebung (Berlin: VDI. 1930), pp. I. 39 -10.
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d id  n o t co m e  u n til a f te r  th e  tu r n  o f  th e  c e n tu ry .94 In  th e  B e rlin  m u n ic ipa l 
counc il th e  p re v a ilin g  a r g u m e n t— also  a d v a n c e d  in  L o n d o n — was th a t p r i
vate  e n te rp r is e  sh o u ld  tak e  th e  risks o f  in n o v a tio n , p ro b a b ly  b ecau se  the 
g ra n t in g  o f  a c h a r ie r  to  th e  G e rm a n  E d ison  c o m p a n y  p ro v id e d  fo r  de ta iled  
reg u la tio n  o f  su p p ly  a n d  a sh a re  o f  p ro f its  fo r th e  m u n ic ip a l g o v e rn m e n t. 
As B u rg o m a s te r  D u n c k e r  su m m e d  it u p , “All risks fall o n  th e  private  
co m p an y ; all f in an c ia l a d v a n ta g e  to  th e  city ."99

T h e  city  o f  B erlin  a n d  G e rm a n  E d ison  re a c h e d  a g re e m e n t  in  F e b ru a ry  
1884 (see p. 185 below ).96 T h e  c o m p a n y  o b ta in e d  a u th o r i ty  to  su p p ly  elec
tric ity  to  a d e f in e d  a re a  in th e  h e a r t  o f  B e rlin  u s in g  th e  c ity ’s s tre e ts  for 
th e  d is tr ib u tio n  system . G e rm a n  E d ison  th e n  p ro c e e d e d  to  e s tab lish  an 
o p e ra tin g  u tility  m u ch  in th e  m a n n e r  th a t th e  E d iso n  E lec tric  L igh t C o m 
p an y  h ad  es tab lish ed  th e  E d ison  E lectric  I l lu m in a tin g  C o m p a n y  o f  New 
Y ork . O n  8 M ay 1884 th e  B erlin  utility , S la d tisc h e  E lek triz ita ts-W erk e  
(StEW ), was fo u n d e d  w ith an  a u th o r iz e d  cap ita l o f  th r e e  m illion  m arks.

In  S e p te m b e r  th e  co m p a n y  b eg an  o p e ra t in g  a sm all (100-kw .) ligh ting  
p lan t a t F r ie d r ic h s tra sse  85 to  su p p ly  th e  G a le  B a u e r  a n d  th e  b lock of 
b u ild in g s  in w h ich  it was lo ca ted  (see Fig. 111.12). T h e r e  w e re  n u m e ro u s  
p ro b lem s, th e  c h a ra c te r  o l w hich is su g g e s te d  by su ch  s to rie s  as th a t of

«  Georg D cllm ar, Dir lintwicklung ,lrr Stnrhstramtrchnik in Deutschland (Berlin: ET7. Vcrlaa 
1940). pp. I3‘». 293-94.

91 C onrad Maisclioss, "Gcschiilnlichc Entwicklung iter Berliner Elektriciiais-YVerke von 
ih rer Begriindung bis zur Ubernalimc durcli die Siadl." Beit rage tur Geschichte der Technih und 
hulustrie 7 (1916): 9.

“V ertrag aiwisclicn dcr Stadlgcm eindc Berlin und de r Dem schen Edison-Cesellschall 
Berlin." 6 and 19 February 1884: a ropy is in the library o f the D riusrhes Museum. Munich.
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O sk a r von M iller in th e  b asem en t te n d in g  th e  g e n e ra to rs  w hile K a thcnau  
so o th ed  cafe  cu s to m ers  w h en  th e  ligh ts su d d en ly  w ent ou t. 1'he M arkgra- 
fen strasse  c en tra l sta tio n , th e  first co n s tru c ted  by StF.W, o p e n e d  in A ugust 
1885. T h is , loo , h ad  p ro b lem s, bu t not as m any as th e  I’ea rl S tree t sta tion , 
w h e re , th e  G e rm a n s  took  p a ins  to  p o in t o u t,  "in  th e  early  days it h ad  been  
im possib le  to  o p e ra te  o n e  o f  th e  g e n e ra to rs  an  e n tire  d ay  w ithou t re p a irs ."1’7 
T h is  o p in io n  co n tra s ts  re m ark ab ly  w ith th e  m em o irs  o f  th e  Edison  p io n ee rs  
w ho o p e ra te d  th e  New Y ork s ta tio n  a n d  w ho re p o r te d  th a t,  w ith th e  e x 
cep tio n  o f  o n e  th re e -h o u r  in te r ru p tio n ,  th e  e ig h t J u m b o  g e n e ra to rs  p r o 
d u ced  c u r re n t  w ithou t a b reak  from  S e p te m b e r  188*2 u n til fire  d e s tro y ed  
th e  sta tio n  in 1890.98

T h e  g e n e ra to rs  in M ark g ra fen s tra sse  w ere th e  Edison  type  built by S ie
m ens & H alske, a n d  th e  capacity  o f  th e  s ta tion  was 754 kw., o f  w hich 19*2 
kw. w ere fo r  in can d escen t lam ps. Pearl S tree t h ad  u sed  540  kw. fo r incan- 
d escen ts  in 1882. In  th e  case o f  M arkgrafenstras.se , how ever, th e re  w ere 
tw elve 41-kw . in can d escen i- lam p  g e n e ra to rs  in stead  o f  six 90-kw . Ju m b o s  
as in sta lled  at P earl S tree t. T h e  G e rm a n  c o m p an y  also u sed  sing le  steam  
e n g in es  lo  belt-d riv e  tw o in can d escen l-lam p  g e n e ra to rs  a n d  o n e  27-kw . a n  - 
lam p  g e n e ra to r  in stead  o f  o n e  en g in e  fo r o n e  g e n e ra to r  as at Pearl S tree t. 
C u rre n t  was d is tr ib u te d  at 100 volts by a tw o-w ire n e tw o rk .'19 (See Figs. 
I I I .1 4 - I I I .1 6 .)  B ecause  o f  th e  use o f  th e  basic Edison  d esign  an d  because 
o f  th e  rela tively  sm all size o f  th e  m ach ines, th e  G e rm a n  s ta tion  was not a 
bold techn ica l v en tu re . In  1886 th e  c o m p an y  o p e n e d  a n o th e r  s ta tion  at 80 
M au erstrasse , b u t its capac ity  o f  285 kw. was sm alle r th an  th a t o f  its p r e d 
ecessor.

T h e  in can d escen t- lig h tin g  load  c a rr ie d  by th e  tw o c en tra l sta tions in the  
h e a r t  o f  B erlin  c o n s titu te d  lu x u ry  ligh ting . In  1886 th e  largest p e rcen tag e  
o f  th e  load  was fo r “th e a te rs "  (24 p e rcen t), follow ed by banks (20 p ercen t), 
e a tin g  a n d  d r in k in g  es tab lish m en ts  (20 p e rcen t), sh o p s (17 pe rcen t), hotels 
a n d  g u es th o u ses  (8 p e rc e n t) ,  s tre e t ligh tin g  fo r  th e  city (7.5 pe rcen t), in 
d u s try  a n d  tr a d e  (2 p e rc e n t) ,  re s id en ces (1 p e rcen t), a n d  m iscellaneous (.5 
p e rc e n t) .100 As in N ew  Y ork a n d  L o n d o n , e lectric  lig h tin g  in B erlin  was 
n o t fo r th e  p o o r.

G e rm a n  E dison  a n d  StEW  b eg an  tra in in g  technical s ta f f  a n d  re ly ing  less 
th a n  at th e  s ta r t on  fo re ig n  E d ison  m en  a n d  in fo rm a tio n  from  ab ro ad . In 
1884, b e fo re  e i th e r  o f  th e  G e rm a n  cen tra l s ta tions was com p le ted , W illiam 
H a m m e r le ft B erlin . H e  h ad  h ad  serious d isag reem en ts  w ith R alh en au  
“ab o u t c e rta in  E n g lish m en ,” b u t th e  a n tip a th y  seem s to  have been  d e e p  
a n d  n o t localized lo  a p a r tic u la r  ep isode . In  ex p la in in g  his d e p a r tu re  to 
T h o m a s  E d ison , in w hose good  graces  he w ished to  rem a in  a n d  to  w hom  
he  h ad  ex p la in e d  e a r lie r  m isu n d e rs ta n d in g s  w ith th e  English com pany . 
H a m m e r b esm irch ed  th e  re p u ta tio n  o f  K athenau . R e fe rrin g  to  him  as that 
“Jew  Emil R a th e n a u , a m an  u tte rly  u n lit to  be at th e  h ead  o f  any  o rg a n i
za tion ,"  H a m m e r re p o r te d  th a t b ecause o f  n u m e ro u s  past tran sac tio n s 
R a lh en au  b o re  a n y th in g  b u t a good  n am e in B erlin . I la m m c r believed  th a t,

07 Malsclioss cl al.. 50 Jahre, p. 100.
•"Jones. History of the Consolidated Edison System, p. 203.
w Matsclioss ct al., 50 Jahre, pp. 101, 104, 138, 140. 172, 192. 209.

10,1 A rthur Wilke. Die Berliner Elektriiiliits-Wrrke (Berlin, IH90).
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Figure III .14. Interior of the Markgrafenstrasse central station. 1887. 
From Matschoss et al., 50 J ahre , p. 104.

' £
K  1 . 1 .

Figure H I.15. The Markgrafenstrasse central 
station: Stages o f expansion, 1885 and 1888. From 
Matschoss et al., 50 Ja h re , p. 101.

FHur,Out „„„„ „ cmny
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a m o n g  o th e r  u n fo r tu n a te  ch a rac te ris tics , R a th e n a u  h a rb o re d  p re ju d ic e  
aga inst fo re ig n e rs  (a cha rac te ris tic  obviously  s h a re d  by H am m er). T o  fu r 
th e r  ju s tify  his ow n d ifficu lties , H a m m e r listed fo r  E dison  o th e r  em p lo y ees 
w ho h ad  recen tly  le ft G e rm a n  E d ison  because  o f  R a th e n a u .101

As th e  g ro w in g  pa in s  o f  R a th e n a u 's  e n te rp r is e  a tte n u a te d ,  th e  G e rm an s  
b ecam e increasing ly  restless w ith th e  lies th a t b o u n d  th e m  to  th e  Edison  
co m p an y  in P aris a n d  with th e  S iem ens c o m p an y  in B erlin . T h e  tech n o lo g y  
h ad  b een  t ra n s fe r re d  a n d  a d a p te d  a n d  th e  G e rm a n s  w ere  read y  to  d ev e lo p  
th e ir  ow n style. A le tte r  s ig n ed  by bo th  R a th en au  a n d  O sk a r  von M iller, 
b u t p ro b ab ly  w ritten  by von M iller, w hose goo d  n a tu re  a n d  d ip lo m a tic  skills 
w ere leg en d a ry , in fo rm e d  E d ison  o f  th e  success o f  G e rm a n  E d ison  d u r in g  
its f irst tw o y ears o f  o p e ra tio n . H av in g  in sta lled  42 ,0 0 0  in can d escen t lam ps, 
n o t in c lu d in g  th o se  o f  its licensees, th e  G e rm a n  c o m p an y  h ad  d o n e  m o re  
business  in  E u ro p e  th a n  any  o th e r  E u ro p e a n  E dison  co m p an y  a n d  m o re  
th a n  th e  E d ison  co m p an ie s  in th e  U n ited  S tates, c o n s id e r in g  th e  s h o r te r  
tim e  it h ad  been  in ex is tence . E dison  was to ld  h e  sh o u ld  d ro p  his p re ju d ices  
aga in st h is E u ro p e a n  associates, fo r  th e  G e rm an s  w ould  “g lo rify"  his n am e 
a n d  “h o n o r” his in v e n tio n s .102 T h e  g lo ry  m igh t be sh o rt-liv ed , how ever. 
E d iso n ’s ow n so u rces  w a rn e d  o f  a n  im p e n d in g  sta lem a te  a n d  possib le  r u p 
tu re  b e tw een  th e  G e rm a n  co m p an y  a n d  th e  E d ison  co m p an y  in Paris. T h e  
Paris C o m p an y  was in p o o r  c o n d itio n , a n d  its c o n tra c tu a l links w ith G e rm a n  
E dison  f ru s tra te d  th e  in n o v a tio n s o f  th e  la tte r  co m p an y . U nless s tro n g  a n d  
re so u rc e fu l m e a su re s  w e re  soon  tak en , E dison  w ould  lose n o t on ly  incom e 
fro m  th e  P aris co m p a n y  b u t h is incom e fro m  G e rm a n y  as well. A s tro n g  
e n tr e p re n e u r  was n e e d e d  to  c larify  a n d  reo rg an ize  th e  E dison  e n te rp r ise s  
in E u ro p e .103

H e n ry  V illard  (1 8 3 5 -1 9 0 0 )  p ro m ised  to  d o  this— a n d  m u ch  m o re — fo r 
Edison . V illa rd , w ho was b o rn  in R h en ish  B avaria  o f  an  u p p e r-m id d le -c la ss  
fam ily (H ilg a rd ), e m ig ra te d  to  A m erica  in 1853. T h e re  he  ach ieved  re c 
o g n itio n  as a c o r re s p o n d e n t  fo r  th e  New York Tribune  d u r in g  th e  Civil W ar 
a n d  m a rr ie d  F an n y  G a rr iso n , d a u g h te r  o f  W illiam  Lloyd G arriso n , th e  
abo lition ist. D raw ing  o n  his e n tre p re n e u r ia l  skills, his frie n d sh ip  w ith J .  
P ie rp o n t M o rg an , a n d  his g o o d  financial co n n ec tio n s in G e rm an y , V illard  
o rg a n iz e d  a ra ilw ay e m p ire  in th e  U.S. N o rthw est, se rv in g  as p re s id e n t o f  
th e  N o r th e rn  Pacific R ailroad  (w ith M o rg an 's  backing) fro m  1881 to  1884. 
D u rin g  th e se  e v e n tfu l years, he  also p u rc h a se d  c o n tro llin g  in te re s t in (lie 
New York E vening  Post (1881) a n d  took  an  active ro le  in th e  a ffa irs  o f  th e  
E dison  E lectric  I l lu m in a tin g  C o m p an y  o f  New Y ork while th e  Pearl S tree t 
s ta tion  was b e in g  built. H e  was a d ire c to r  o f  th e  E E IC  fo r a lm ost a decad e , 
a n d  h e  also  se rv ed  on  th e  b o a rd  o f  th e  Edison  E lectric L ight C o m p an y  
d u r in g  its early  years. D u rin g  th e  d ep re ss io n  o f  1 8 83-88 , how ever, th e  
financial ex igenc ies  o f  th e  N o r th e rn  Pacific R a ilroad  fo rced  h im  to resign  
fro m  th a t c o m p an y  a n d  he r e tu rn e d  to  G e rm an y , w h e re  he  ren ew ed  his 
association  w ith G e rm a n  b a n k in g  houses.

V illard  first d iscussed  his p lans fo r reo rg an iz in g  th e  Edison  e n te rp r ise s

101 H am m er lo Edison, 16 June  1884, EA.
,u,', E. Rathenau and O. von Miller lo Edison, 29 June  1885, EA.
Il”  Francis R. Uplon (in Berlin) lo Edison, 3 June  1886, and Upton to Samuel Insull, 7 

June  1886, EA.
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Figure 111.17. Deutsche Eduon 
GeselLschaft administration building, 

Markgraferulrasse 44 (middle building). 
Note stack for central station in the rear. 
From Matschoss et at., 50 Ja lire, p. 14.

in E u ro p e  w ith F ranc is U p to n , E d iso n ’s a ssis tan t a t M en lo  P a rk , w ho  had  
beco m e  h e a d  o f  la m p  m a n u fa c tu re  in th e  U n ite d  S ta les. U p to n , w ho  was 
lo u r in g  E u ro p e  in 1886, was p e rs u a d e d  th a t V illa rd  h a d  th e  re so u rces , the  
in te llig en ce , a n d  th e  e n tr e p re n e u r ia l  ab ility  to  ach iev e  h is ob jectives. T h ese  
ob jectives w ere  to  ra ise  m o n ey  in G e rm a n y  to  s tim u la te  c en tra l-s ta iio n  
co n s tru c tio n  in E u ro p e  a n d  in  th e  U n ite d  S la tes , to  reso lve  th e  d iffe re n c e s  
be tw een  G e rm a n  E d ison  a n d  th e  P aris  c o m p a n y , a n d  to  n e g o tia te  a new 
re la tionsh ip  betw een  G e rm a n  Edison  a n d  S iem ens & H alske. H e  also w anted 
to  s tim u la te  th e  cen tra l-s la lio n  b u sin ess  o f  G e rm a n  E d iso n , possibly by 
r e o rg a n iz in g  th a t c o m p a n y .'" '1 A m o n g  o th e r  re su lts  p ro m ise d  was a sub 
stan tia l in c rea se  in  th e  r e tu rn s  to  T h o m a s  E d ison  a n d  th e  E d ison  Electric 
L igh t C o m p a n y  o f  E u ro p e .

V illa rd  r e tu rn e d  to  th e  U n ite d  S ta les  in  1886, b u t th e  p lan  h e  h a d  put 
in to  m o tio n  b o re  fru it.  In  M ay 1887 th e  G e rm a n  E d iso n  C o m p a n y  was 
re o rg a n iz e d  a n d  to o k  th e  new  n a m e  A llg em e in c  E lek triz iia is-G ese llschafl 
(G en e ra l E lectric  C o m p an y ); th c  co n tra c t o f  G e rm a n  E d iso n  w ith  Com - 
p a g n ie  c o n tin c n ta le  E d iso n  was a b ro g a te d  a f te r  su b s ta n tia l p a y m e n t was 
m ad e  to  th e  Paris c o m p a n y ; th c  c o n tra c tu a l a r ra n g e m e n t  w ith  S iem en s Sc 
H alske was rev ised ; a n d  th e  cap ita l o f  A llg em e in e  E lek triz ita ts-G ese llschafl 
(A EG ) was ra ised  fro m  live m illion  to  tw elve m illion  m ark s  to  p ro v id e  for 
e x p a n s io n  o f  th e  tw o B erlin  ce n tra l  s ta tio n s  a n d  th e  b u ild in g  o f  tw o a d 
d itio n a l s ta tio n s  in  th e  city. T h e  A EG  to o k  o v e r  m a n a g e m e n t o f  th e  Stadti- 
sche E lek lriz ita ts -W erk c  B erlin  a n d  c h a n g e d  its n am e  to  B e r lin e r  Elektri- 
c ita ts -W erk c  (B EW ) (see p p . 183 IT. below  fo r th e  c o m p a n y ’s su b seq u en t 
h is to ry ). T hom as E dison  was no t e n tire ly  p lea sed  w ith  th e se  ch an g es , how-
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ever. A EG  was no  lo n g e r  an  "E d ison" co m p an y , a n d  th e  new  co m p an ie s  
d id  n o t even  ca rry  his n a m e .105

F ro m  th e  p e rsp ec tiv e  o f  techno logy  t ra n s fe r , th e  in itia tive  tak en  by AFC. 
an d  BEW  to  d e v e lo p  th e ir  o w n d istinc tive  style o f  ccn tra l-s ta tio n  technology  
is o f  p a r tic u la r  in te re s t. Ind ica tiv e  o f  th is e m e rg in g  tre n d  was th e  design  
o f  th e  ex ten s io n  o f  th e  M ark g ra fe n s tra sse  s ta tion  in 1888 a n d  th e  o p e n in g  
o f  th e  first o f  th e  new  c e n tra l s ta tio n s at S p andauerstras .se  49 in th e  fall ol 
1889. T h e  M a rk g ra fe n s tra sse  ex ten s io n  h ad  d irectly  co u p led  s team  en g in es  
a n d  g e n e ra to rs , a n d  th e  S p a n d a u c rs tra s se  sta tion  h ad  unprec  e d e n ie d lv  
la rg e  g e n e ra to rs  d r iv e n  by 1 ,000-h .p ., s lo w -ru n n in g  s team  en g in es  d irec ily  
coup led  to specially designed  m u ltipo la r g enera to rs  built by S iem ens. T h o m as 
E dison  d isa p p ro v e d  o f  such  la rg e  un its, p re fe r r in g ,  in th e  face o f  e rra tic  
loads, th e  flex ib ility  o f fe re d  by sm a lle r ones. E dison also u sed  h ig h -sp eed  
steam  e n g in e s  th a t w ere  be lt-co u p led  to  g e n e ra to rs . T he s team  en g in es  for 
S p a n d a u e rs tra s se  a n d  fo r  th e  s ta tio n  th a t w ould  o p e n  a t S c h iffb a u e rd a m m  
in 1890 w ere o rd e re d  fro m  th e  B elg ian  factory  van d e r  K e rk h o v e n .100 John  
B eggs, v ice -p re sid en t o f  th e  Edison  Illu m in a tin g  C o m p an y  in New Y ork, 
d e sc rib ed  th e  G e rm a n  en g in es  as an  ad v an ce  u n m a tc h e d  in th e  U n ited  
S tates. E dison  view ed th em  with skeptic ism  d u r in g  his visit to  B erlin  in 
1 88 9 .107

V illard 's in v o lv em en t w ith e lectrical a ffa irs  was by no  m eans at an  end . 
H e  re tu rn e d  to  th e  U n ited  S tates in 1886 w ith a com m ission  fro m  th e  
D eu tsche  B an k  to  n e g o tia te  w ith D rexe l, M organ  a n d  C o m p an y  abou t the  
in v estm en t o f  G e rm a n  m o n ey  in A m erican  en te rp r ise s , in c lu d in g  electrical 
c om pan ies . In  1889 V illa rd  took  th e  lead  in reo rg an iz in g  th e  E dison e n 
te rp r ise s  in th e  U n ited  S tates in to  a new  co m p an y  n am ed  d ie  E dison G e n 
era l E lectric  C o m p an y . It in c lu d ed  th e  o ld  E dison  E lectric Light C om pany . 
E dison  L am p  C o m p an y , E d ison  M ach ine C o m p an y , B e rg m an n  a n d  C o m 
pany, a n d  th e  m a n u fa c tu re rs  o f  o th e r  co m p o n en ts . M ore th an  h a lf  o f  the 
cap ita l o f  E d ison  G e n e ra l E lectric was fu rn ish e d  by G erm an  banks an d  
o th e r  G e rm a n  so u rc e s .108 V illard  th en  p ro c e e d e d  to  lake  an  active part in 
p ro m o tin g  th e  m e rg e r  o f  E dison  G en e ra l E lectric  a n d  th e  T h o m so n -H o u s 
to n  E lectrical M a n u fa c tu r in g  C o m p an y  to  fo rm  th e  G en e ra l E lectric C o m 
p any , a m e rg e r  th a t was sp o n so re d  in p a r t  by D rexel, M organ  a n d  C o m 
p any . A gain , E d ison  was n o t p leased  to  see his nam e e lim in a ted .

T h e  E dison  style was indelib ly  im p ressed  u p o n  th e  h istory  o f  e lectrical 
m a n u fa c tu r in g  a n d  su p p ly  in G erm an y  a n d  th e  U n ited  S tates, how ever. 
O n ly  in E n g lan d  d id  th e  te chno logy  tra n s fe r  fail. T h e  m ost p en e tra tin g  
e x p la n a tio n  fo r  th e  fa ilu re  in L o n d o n  a n d  th e  success in B erlin  is n e ith e r  
techno log ical n o r  econom ic; it is political. T h e  co m p ara tiv e  price  o f  illu 
m in a tin g  gas a n d  electric  ligh tin g  seem s lo  have been  abou t the  sam e in

■nl* Allgcmcinc Elcktrmiais-Gcsellschafl lo Edison, 19 February 1889. EA.
I0n Felix Pinner. Emil Ruthenau und das elektrische Zeitalter (I.eip/ig: Akadeniisrlie Verlag. 

1918). p. M l.
W. von Miller. Oskar von Millrr. p. 52: comments o t John  Heggs quoted in Jones, History 

of the Consolidated Edison System, pp. 330-33.
""  H enry Villard, Memoirs of Henry Villard: Journalist and Financier, 2 vols. (boston H ough

ton MilTlin. 1904), 2: 320-26. See also Villard lo Charles CoFTin, 11 March 1889 (129-60-61) 
and 3 April 1889 (130-62-3). Houghton Library. H arvard University, Cambridge. Mass ; the 
num bers in parentheses refer lo box. folder, and letter num ber, respectively.



7 8  N E T W O R K S  O F  P O W E R

bo th  cities, a n d  f in an c in g  was availab le  in L o n d o n  u n til a c o m b in a tio n  of 
specu la tio n  a n d  re stric tiv e  laws d a m p e n e d  in v esto rs ' e n th u s ia sm . O n  th e  
o th e r  h a n d , in th e  rea lm  o f  political p o w er, th e  s itu a tio n s  in th e  tw o cities 
w ere d if fe re n t.  R a th e n a u  a n d  von M iller, in a lliance  w ith th e  inv estm en t 
banks a n d  in d u s tr ia l in te re s ts  (S iem ens), h ad  su ffic ien t p o w e r to  p e rsu a d e  
th e  local g o v e rn m e n t to  c le a r  th e  way fo r th e ir  e lec trica l v e n tu re s . In  L o n 
d o n , th e  a lliance o f  a r is to c ra tic  m o n ey  a n d  in f lu e n c e , sc ien tific  em in en ce , 
a n d  techn ica l co m p e te n c e  c o n te n d e d  w ith a ho st o f  c o n flic tin g  in te re s ts  in 
P a rliam en t. T h e  re su lt  was co n fu s io n , c o n tra d ic tio n , a n d  p a r lia m e n ta ry  
co n s tra in t.  T h e  n e x t d e c a d e  rev ea led  even  m o re  c learly  th e  p rim acy  o f 
politics in B rita in  a n d  a c o h e re n t po litical e co n o m y  in in d u s tr ia l  G erm an y .



C H A P T E R  I V

Reverse Salients and 
Critical Problems

H a v in g  e x p lo re d  th e  n a tu re  o f  th e  inv en tio n , d e v e lo p m e n t, a n d  t ra n s 
fe r  o f  E d ison 's d ire c t-c u r re n t system , we now  tu rn  to  th e  endeavor 

o f  in v en to rs  a n d  en g in e e rs  to m a in ta in  th e  m o m e n tu m  by so lv ing  th e  critical 
p ro b lem s th a t f ru s tra te d  g ro w th  o f  th e  system . "E vo lu tion"  is an  ap t m e ta 
p h o r  fo r  a n  elec tric  su p p ly  system  like E d ison 's because in te rn a l forces 
a lo n e  d id  n o t d ire c t its g ro w th ; th e  system  grew  w ith in  a co n tex t o f  g e o 
g rap h ica l, e conom ic , po litical, a n d  o rg an iza tio n a l factors. T h is  c h a p te r  will 
focus on  th e  in v en tio n s a n d  d ev e lo p m en ts  th a t allow ed an d  p ro m o te d  the  
ev o lu tio n  o f  th e  E d ison  system  w ith in  th is co n tex t. G row th  was not fo re 
o rd a in e d ; it was usua lly  p ro m o te d . Special n o te  will be taken  o f  th e  process 
by w hich a new  system  e m e rg e d  as a resu lt o f  th e  fa ilu re  to  solve a m ajor 
p ro b lem  in th e  o ld  system . At th e  e n d  o f  th is process, th e  old a n d  new 
system s ex is ted  fo r a tim e  in a re la tio n sh ip  o f  d ialectical tension , a s tru g g le  
called  “th e  ba ttle  o f  th e  system s."

Several te rm s  th a t will be u sed  in d iscussing  evolving system s n eed  fu r th e r  
d e fin itio n . T h e  first is “ rev e rse  sa lien t."  T h e  te rm  is cu stom arily  used  to 
iden tify  th a t section  o f  an  a d v an c in g  battle  line, o r  m ilitary  f ro n t, w hich is 
co n tin u o u s  w ith o th e r  sections o f  th e  f ro n t, but which has fallen beh in d  
o r  b een  bow ed back. “R everse  sa lien t"  becam e a h o u seh o ld  ex p ressio n  
d u r in g  W orld  W ar I b ecause o f  th e  p ro tra c te d  s tru g g le  o f  th e  G e rm an s to 
e lim in a te  th e  rev e rse  salien t a lo n g  th e  w estern  fro n t at V e rd u n . This c o n 
cep t is p re fe ra b le  to  “d iseq u ilib riu m "  o r  “b o ttleneck ,"  w hich som e e c o n o 
m ists a n d  econom ic  h is to rian s  use. because th e  co ncep t o f  a reverse  salient 
re fe rs  to  an  ex trem e ly  com plex  s itua tion  in w hich ind iv iduals, g ro u p s , 
m ateria l fo rces, historical in fluences, a n d  o th e r  factors have id iosyncratic , 
causal ro les, a n d  in which acc iden ts as well as tre n d s  play a part. "D ise
q u ilib r iu m "  suggests a re la tively  s tra igh t fo rw ard  abstrac tion  o f  physic al 
science, a n d  “b o ttlen eck "  is geom etrically  loo sym m etrical.

T h e  idea o f  a rev e rse  salien t suggests the  need  for concen t ra ted  ac tion 
( in v en tio n  a n d  d e v e lo p m en t) if exp an sio n  is to p ro ceed . A reverse  salient 
a p p e a rs  in an  e x p a n d in g  system  w hen a co m p o n en t o f  th e  system  does not 
m arch  alo n g  h a rm o n io u sly  w ith o th e r  co m p o n en ts . As th e  system  evolves 
to w ard  a goal, som e co m p o n en ts  Tall b eh ind  o r  out o f  line. As a resu lt o f 
the  reverse salient, g row th o f  the en tire  en te rp rise  is h a m |x rc d ,  o r thw arted ,

70
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a n d  th u s  re m e d ia l  a c tio n  is r e q u i r e d .  T h e  re v e r s e  s a l ie n t  u su a lly  a p p e a r s  
as a r e s u l t  o f  a c c id e n ts  a n d  c o n f lu e n c e s  th a t  p e r s o n s  p r e s id in g  o v e r  o r  
m a n a g in g  th e  sy s tem  d o  n o t  fo re s e e ,  o r ,  i f  th e y  d o  fo re s e e  th e m ,  a r e  u n a b le  
to  c o u n te r  e x p e d itio u s ly .  T h e  c a u se s  o f  th e  lag  c a n  a r is e  f ro m  w ith in  th e  
sy s tem ; f ro m  its e n v i r o n m e n t ,  o r  c o n te x t ;  o r  f ro m  so m e  c o m p le x  c o m b i
n a t io n  th e re o f .  T h e  re v e rs e  s a lie n t will n o t  b e  s e e n , h o w e v e r ,  u n le s s  in 
v e n to rs ,  e n g in e e r s ,  a n d  o th e r s  view  th e  te c h n o lo g y  as a g o a l- s e e k in g  sy stem .

A n  e v o lv in g  sy s tem  m o v es  in  a n y  g iv e n  d ir e c t io n  fo r  c o m p le x  re a so n s . 
T h e  fa c to rs  th a t  c a u se  so m e  c o m p o n e n ts  to  fa ll b e h in d  o r  o u t  o f  l in e  vary  
a c c o rd in g  to  t im e  a n d  p lace , as th e  e p is o d e s  in  th is  s tu d y  sh o w . M o v e m e n t 
o f te n  r e su lts  w h e n  th o se  w h o  a re  p re s id in g  o v e r  th e  sy s te m  w a n t g ro w th  
to  e x te n d  th e ir  a u th o r i ty .  O n  o th e r  o c c a s io n s  g ro w th  im p ro v e s  th e  e c o n o m y  
o f  th e  sy stem . E co n o m y  a n d  e ff ic ie n c y — th e  f irs t  c h e r is h e d  by m a n a g e rs ;  
th e  s e c o n d , esp ec ia lly  by e n g in e e r s — also  g ive  d ir e c t io n  to  th e  m o v e m e n t 
o f  a sy stem . A s n o te d ,  an a ly s is  o f  a g ro w in g  sy s te m  o f te n  re v e a ls  th e  in 
e ff ic ie n t a n d  u n e c o n o m ic a l c o m p o n e n ts ,  o r  re v e rs e  s a lien ts .

I n n u m e r a b le  (p ro b a b ly  m o st) in v e n tio n s  a n d  te c h n o lo g ic a l d e v e lo p m e n ts  
re s u lt  f ro m  e f fo r ts  to  c o r re c t  re v e rse  s a lien ts . O u ts ta n d in g  in v e n tio n s  a n d  
d e v e lo p m e n ts  in  e lec tr ic  l ig h tin g  a n d  p o w e r  d u r in g  th e  tw o  d e c a d e s  a f te r  
1880 w ere  re sp o n se s  to  re v e rse  sa lien ts . I n d e p e n d e n t  in v e n to r s — a n d  la te r, 
in v e n to rs  a n d  in d u s tr ia l  sc ien tis ts  h ir e d  by b u s in e s s  e n te r p r i s e s — a p p lie d  
th e m se lv e s  to  so lv ing  th e  p ro b le m s  in h e r e n t  in  re v e rs e  s a lien ts . T h e y  a p 
p ro a c h e d  th e  c h a lle n g e  as in v e n to rs  a n d  e n g in e e r s  u su a lly  d o — by d e f in in g  
th e  re v e rse  sa lie n t as a se t o f  "c ritica l p ro b le m s ,” p ro b le m s  w h o se  so lu tio n  
w o u ld  b r in g  th e  system  b ack  in to  lin e— i.e ., c o r r e c t  th e  re v e rs e  sa lien t. 
O u ts ta n d in g  in v e n to rs , e n g in e e rs ,  a n d  e n t r e p r e n e u r s  u su a lly  h a v e  a re c o rd  
o f  d e f in in g  a n d  so lv in g  su ch  p ro b le m s . '

H o w  d id  th e  sy stem  b u ild e rs  o f  th e  1880s id e n tify  c ritic a l p ro b le m s?  As 
o b se rv e d  in  th e  case o f  E d iso n , a p e rs o n  c o n c e p tu a liz in g  a te ch n o lo g y  
sy s tem atica lly  o r  ho listica lly  o f te n  re c o g n iz e d  in a d e q u a c ie s  in  th e  p a tte rn s  
fo rm e d  by th e  sy stem 's  c o m p o n e n ts  a n d  n e tw o rk s . T h o s e  w h o  d id  no t 
o b se rv e  system  g ro w th  f ir s th a n d  su rv e y e d  th e  p u b lic a tio n s  o f  o th e r s  w ho 
d id . P ro fe ss io n a ls  kn ew  th a t  th e  c o m p e tit io n  c o n g re g a te d  a t re v e rse  salien ts 
a n d  c rit ic a l-p ro b le m  sites. A m a jo r  re a so n  fo r  th e  s im u lta n e ity  o f  in v en tio n , 
o r  th e  s im u lta n e o u s  so lu tio n  o f  c r itica l p ro b le m s , w as th a t  in v e n to rs  in 
fe r r e d  f ro m  th e ir  fam ilia rity  w ith  th e  s la te  o f  th e  a r t  th e  sites, figu ra tiv e  
a n d  lite ra l,  o f  c r it ic a l-p ro b le m -so lv in g  activ ity  a n d  th e  n a tu r e  o f  th e  p ro b 
lem s. T h e  r e p e a te d  c lu s te r in g  o f  p a te n ts  f ro m  d i f f e r e n t  in v e n to rs  w ith in  
c o m m o n  su b jec t ca te g o rie s  was o n e  in d ic a tio n  o f  th e  co llec tive  focus. O th e r  
in v e n to rs ' p a te n t a p p lic a tio n s , as r e c o rd e d  re g u la r ly  in  te c h n ic a l jo u rn a ls , 
w ere  espec ia lly  re v e a lin g .2

1 F.lmer Ambrose Sperry (1860-1930) was a rem arkably adep t solver o r  critical problems. 
Mis record includes almost 250 patents, and tbesc, w hether actually used or not, were solutions 
to critical problem s, some relatively trivial, some of m ajor im portance. See T hom as P. Hughes. 
Elmer Sperry, Inventor and Engineer (Baltimore'. T h e  )ohns H opkins Press. 1971) esn pp 64- 
70.

* Scholars in various Helds have attacked the problem  ol simultaneity o f invention Sec 
for instance, a recent essay by A rthur P. H arrison. Jr .. "Single-Control T uning- An Analysb 
o f an Innovation." Technology and Culture 20 (1979): 314-15: and an earlier and often-cited
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In v e n to rs  like E dison  also set o u t to  in v en t a n d  d ev e lo p  new  system s. 
S om etim es— a n d  in th is c h a p te r  such  c ircum stances will be e n c o u n te re d — 
th ey  in v en ted  th e  nu c leu s o f  a new  system  w hile re sp o n d in g  to  a rev e rse  
sa lien t in an  ex is tin g  o n e . T h e  so lu tion  to  th e  critical p ro b lem , in  o th e r  
w ords, w ould  no t h a rm o n iz e  w ith th e  ex is ting  system ’s c o m p o n e n ts , so th e  
in v e n to r  w ent on  to  in v en t o r  u se  o th e r  c o m p o n e n ts  th a t d id  h a rm o n iz e  
w ith his new ly in v en ted  co m p o n e n t.

T h e  elec tric  system  in tro d u c e d  by Edison  a n d  his associates at th e  P earl 
S tre e t s ta tio n  in  1882 was a d ire c t-c u rre n t,  l im iled -a rea -o f-d is trib u iio n  sys
tem . It su ited  heavily  p o p u la te d  u rb a n  a reas , b u t th ro u g h  ad a p ta tio n s  it 
co n tin u e d  lo  evolve in th e  tw en tie th  c e n tu ry . B ecause it was a lo ser in 
h is to ry , how ever, giv ing  way o v e r a p e rio d  o f  decad es to  th e  p o lyphase , 
un iv ersa l system , m ost rem in isc in g  e n g in e e rs  a n d  m an ag e rs  a n d  m ost h is
to rian s  have te n d e d  to  ig n o re  th e  steady  im p ro v em en ts  th a t w ere m ad e  in 
it a n d  to  focus in s tead  u p o n  th e  d ra m a tic  rise  o f  th e  v icto rious c u r r e n t  in 
" th e  ba ttle  o f  th e  system s.” S uch  bias obscu res  th e  fact th a t as la te  as th e  
first d e c a d e  o f  th e  tw en tie th  c e n tu ry , som e lead in g  e n g in e e rs  still a rg u e d  
th a t d ire c t c u r r e n t  was b e tte r  fo r  th e  city th a n  th e  po ly p h ase  system  w hen 
m e a su re d  ag a in s t co n v en tio n a l yardsticks o f  p ro fitab ility , re liability , a n d  
effic iency .

T h e  d ire c t-c u r re n t system  is an  exce llen t e x am p le  o f  a system  th a t evo lved 
successfu lly , u p  to  a p o in t. R everse  salien ts w ere d e f in e d  as critical p ro b 
lem s, a n d  w ith an  e x cep tio n  o f  su rp ass in g  im p o rtan ce— th e  h ig h  cost o f  
tran sm iss io n — they  w ere  so lved. T h e re  w ere m any  ca teg o ries  o f  im p ro v e 
m en ts . E d ison  a n d  U p to n  inc rea sed  th e  effic iency  o f  th e  d .c. g e n e ra to r , 
an d  h u n d re d s  o f  in v e n to rs  su b seq u en tly  im p ro v ed  on  th e ir  w ork . M agnetic  
fields w ere  w o u n d  fo r  h ig h e r  effic iency , th e  ten d en cy  o f  a rm a tu re s  to  heat 
u p  was re d u c e d , sp a rk in g  b ru sh e s  w ere d a m p e n e d , fluc tu a tio n s in o u tp u t 
u n d e r  c h a n g in g  load  w ere reg u la r ized , a n d  th e  tra n s fe r  o f  en e rg y  o f  th e  
m ag n e tic  fie ld  to  th e  a rm a tu re  was im p ro v ed . C oun tless  p a ten ts  in th e  
in d u s tr ia l co u n tr ie s  a re  ev id en ce  o f  th e  e ffo r ts  th a t w ere m ad e  to  solve 
th ese  critical p ro b lem s.

In  G erm an y , F ried rich  von H e fn e r-A lten eck  (1 8 4 5 -1 9 0 4 ), an  associate 
o f  W e rn e r  von  S iem en s’s a n d  a p io n e e r  in th e  design  o f  a rc -ligh t system s, 
le a rn e d  th a t c en tra l-s ta tio n  o p e ra to rs  like Em il R a lh en au  w ere d issatisfied  
with th e  b e lt-d riv en , sm a ll-o u tp u t, h ig h -sp eed  g e n e ra to rs  bu ilt by S iem ens 
Be H a lske , an  E d ison  licensee. In  1886, w ork ing  w ith Karl H o ffm a n n , H ef- 
n e r-A lten eck  th en  d e v e lo p ed  a la rge , slow -speed , in te rn a l-p o le  g e n e ra to r  
su ited  fo r  d irec t c o u p lin g  to  an  e ffic ien t slow -speed s team  e n g in e .3 R ookes 
E. B. C ro m p to n  (1845—1940), an  English  electrical in v e n to r  a n d  e n g in ee r, 
in tro d u c e d  in  E n g lan d  a d irec tly  cou p led  g e n e ra to r  th a t was m atch ed  to

article by Robert K. Merlon, "Singletons and Multiples in Science," in Merton's The Sociology 
of Science, ed. N orm an W. Storer (Chicago: University of Chicago Press. 1973), pp. 843-82. 
For an analysis of the phenom enon in science, see Thomas S. Kuhn, "Energy Conservation 
as an Example o r Simultaneous Discovery," in Critical Problems in the History of Science, ed. 
Marshall Clagcll (Madison. Wis.: University o f Wisconsin Press. 1959), pp. 321-56.

•’ G eorg von Siemens, History of the House of Siemens, trans. A. F. Rodger. 2 vols. (Freiburg/ 
Munich: Albcr. 1957). I: 96-98.
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th e  B ritish  h ig h -sp eed  W illans e n g in e .4 T o  in c rea se  g e n e ra to r  capacity , 
in v en to rs  a n d  m a n u fa c tu re rs , such  as th e  G e rm a n  firm s H elios a n d  C. & 
E. Fein , in creased  th e  n u m b e r  o f  fie ld  po les. In  th e  eig h ties , W ilhelm  
L ah m ey er, a G e rm a n  in v e n to r  a n d  m a n u fa c tu re r ,  in tro d u c e d  g e n e ra to rs  
th a t w ere d e s ig n e d  lo  re d u c e  m ag n e tic  a n d  e lec trica l losses. T h e  firm  o f 
Poge in G erm an y  in tro d u c e d  ca rb o n  b ru sh e s  to  lak e  th e  c u r re n t fro m  the  
c o m m u ta to r .5 C a rb o n  b ru sh e s , like m an y  o f  th e  o th e r  im p ro v e m e n ts  m ade  
in th e  system , w ere  in tro d u c e d  at ab o u t th e  sam e lim e  in th e  U n ited  States, 
th e  U n ited  K in g d o m , a n d  o th e r  in d u s tr ia l c o u n tr ie s .

W hen  im p ro v e m e n ts  re d u c e d  th e  costs o f  g e n e ra tin g  elec tric ity , en g i
n e e rs  a n d  m a n a g e rs  th e n  so u g h t to  ach ieve  a m o to r  load  th a t w ould  com 
p e te  w ith s team  a n d  gas en g in es . Im p ro v e m e n ts  in d .c. e le c tr ic -m o to r  d e 
sign th en  becam e a crilical-problem s category. In v en to rs  m ad e  im provem en ts 
in m o to rs  th a t w ere su ited  fo r a p a r tic u la r  ty p e  o f  m ech an ica l load . M otors 
fo r  s tre e tc a rs  h ad  lo  s lo p  a n d  acce le ra te  o f te n  a n d  h a d  to  tak e  th e  abuse  
o f  po o rly  laid  rails a n d  th e  s tra in  o f  f re q u e n t tu rn s . M oto rs  fo r  e leva to rs 
h a d  to  re sp o n d  to  even  m o re  f re q u e n t a cce le ra tio n s  a n d  n e e d e d  to  be 
u n u su a lly  re liab le  to  avoid  s ta lling  a n d  t r a p p in g  p assen g e rs . M oto rs  for 
sm all h o m e  ap p lian ces  such  as fans a n d  sew ing  m ach in es  h a d  to  be d esig n ed  
to  o p e ra te  w ith o u t skilled m a in te n a n c e . Early  m o d e ls  o f  th e se  app lian ces  
w ere b a tte ry  p o w ered ; la te r  th ey  w ere d es ig n e d  fo r  c o n n e c tio n  to  cen tra l-  
s ta tion  system s.

In  th e  U n ited  S tates, th e  y o u n g  in v e n to r  F ra n k  J .  S p ra g u e  (1 8 5 7 -1 9 3 4 ) 
w on a re p u ta tio n  fo r  th e  exce llence  o f  h is in v en tio n s  a n d  d ev e lo p m en ts  
re la te d  to  th e  p ro b lem s o f  d .c. m o to rs . In  1884 h e  e x h ib ite d  his first m o to r; 
tw o years  la te r  he  look  a 15-h .p . c e n tra l-s ta tio n  m o to r  o p e ra t in g  a t 220 
volts a n d  in sta lled  il in a fre ig h t e lev a to r in B oston , M assachuse tts ; in 1887— 
88, u s in g  his m o to rs , he  co n s tru c te d  a p rac tica l s tre e tc a r  system  in R ich
m o n d , V irg in ia .6 H e  also  re sp o n d e d  to  th e  co m p lex  p ro b le m  o f  con tro ls  
fo r th e  e lev a to rs  a n d  co u p led  e lec tric  cars  u sed  in  subw ays a n d  elevated  
tra n sp o r ta tio n  sy tem s. H is c o n tro ls  fo r  th e  la tte r  w ere  kn o w n  as th e  m ul- 
tip le -u n it system . S p ra g u e  is a s u p e rb  e x a m p le  o f  a c r ilica l-p ro b lem -so lv in g  
in v e n to r  a n d  e n g in e e r  w ho was obviously  in fo rm e d  ab o u t re se rv e  salients.

S p ra g u e  is re m e m b e re d  p r im arily  fo r  his w ork  w ith la rg e  m o to rs . O th e r  
in v en to rs  fo u n d  ways o f  so lv ing  th e  p ro b le m s o f  th e  sm all m o to rs  u sed  in 
h o m e  ap p lian ces . In  1884, in th e  U n ited  S la tes, P h ilip  D iehl (1 8 4 7 -1 9 1 3 ) 
in v en ted  a variab le -sp eed  d .c. m o to r  fo r d e n ta l  m ach in es , a n d  la te r  it was 
a d a p te d  fo r use o n  sew ing  m ach in es . In  1887 S c h u y le r  S kaa ts  W heeler 
(1860—1923), w ho is c re d ite d  w ith in v e n tin g  th e  e lec tric  fan , was, with 
C h a rle s  C u rtis  a n d  F ranc is C ro c k e r , m a n u fa c tu r in g  m o to rs  d es ig n ed  to

Brian Bowers. II. E. B. Crompton (London: Science M useum, 1969). p. 12; Percy Dui 
shcalh, A History of Electrical Power Engineering (Cambridge, Mass.: M .I.T. Press. 1962). |

’ F" f im Prov^ ic m s  in d.c. generators, see Georg D ellmar. Die Entwicklung der Stcirkstron 
technik in Deutschland (Berlin: KTZ Verlag 1940). pp. 36-60. Deltm ar is exceptional in h 
attention lo the improvements made in the d r. system.

" f prn.g ' 'C a,,d ,hc deVf|opm eni o f industrial and traction motors, see H arold C. Passei 
n e  Electrical Manufacturers. IH75 - /900 (Cambridge. Mass.: H arvard University Press. 1953 
pp 237-40; on Ins construct,on of the famous Richmond streetcar system, see ibid.. pp. 242
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o p e ra te  on  in can d escen t- lig h t c ircu itry .7 O th e r  in v en to rs  a d d re s se d  sim ilar 
p ro b lem s in E u ro p e  a n d  th e  U n ited  K in g d o m .8 F ollow ing E d iso n ’s a n d  
S w an’s n ea rly  s im u lta n e o u s  in tro d u c tio n  o f  th e  h ig h -re sis tan ce  filam en t, 
cou n tle ss  in v en to rs  im p ro v e d  u p o n  its p e rfo rm a n c e , th u s  lo w ering  th e  
initia l a n d  o p e ra tin g  costs o f  th e se  lam ps. T h e  long  a n d  im p o r ta n t h istory  
o f  im p ro v e m e n ts  in  th e  in can d escen t lam p  ca n n o t be ch ro n ic led  h e re , b u t 
it sh o u ld  be n o te d  th a t th e  so lu tio n  o f  p ro b lem s re la ted  to  th is lam p  was 
especially  im p o r ta n t fo r th e  g ro w th  o f  cen ira l-s ia iio n  system s d u r in g  th e  
f irst d e c a d e  a n d  a h a lf  o f  th e ir  h isto ry , w hen  in can d escen t-lam p  load  was 
m u ch  g re a te r  th a n  th e  in d u s tria l po w er a n d  trac tio n  load  o f  m ost system s.’*

In  th e  1880s in v en to rs  a n d  e n g in e e rs  stead ily  im p ro v ed  th e  g e n e ra to rs , 
m o to rs , a n d  o th e r  co m p o n e n ts  o f  th e  d ire c t-c u r re n t system . W ith o n e  o u t
s ta n d in g  ex cep tio n , th e  p ro b lem s o f  th e  system  w ere b e in g  so lved  re a so n 
ably well; th e  e x cep tio n  was th e  h igh  cost o f  d is tr ib u tio n , especially  lo n g 
d is tan ce  tran sm issio n . E d ison  h ad  id en tified  th e  cost o f  d is tr ib u tin g  elec
tric ity  by w ire  o r  cab le  as a m a jo r rev erse  sa lien t in th e  system  he was 
d es ig n in g . D is trib u tio n  costs c o n tin u e d  to  be a b o u t th e  sam e as g en e ra tio n  
costs a n d  ro se  p ro h ib itiv e ly  h ig h e r  in th e  1880s w hen th e  rad iu s  o f  d is tr i
b u tio n  fro m  a d .c. s ta tio n  was e x te n d e d  m o re  th an  a m ile. T h e  m ajo rity  
o f  e n g in e e rs  a n d  s ta tio n  m a n a g e rs  d id  n o t believe th a t lon g -d is tan ce  “tra n s 
m ission" (as o p p o se d  to  sh o rt-d is ta n c e  “d is tr ib u tio n ”) o f  d ire c t c u r r e n t  was 
feasib le  w ith o u t s to ra g e  b a tte ries .

In  1883 E d ison  re s p o n d e d ,  if  no t en tire ly  successfully , by in tro d u c in g  
his th ree -w ire  system . T h e  rev e rse  saliency o f  d is tr ib u tio n  costs fo r  e lectric  
system s is re f le c te d  in th e  n ea rly  s im u ltan eo u s  inv en tio n  o f  th ree -w ire  d is
trib u tio n  by a t least th r e e  in v en to rs . T h e  P earl S tre e t d is tr ib u tio n  n e tw ork  
o f  1882 in c o rp o ra te d  E d iso n ’s fe e d e r-a n d -m a in  a r ra n g e m e n t, which re 
d u c e d  costs below  w hat was re q u ire d  to  ru n  a sim p le  tw o-w ire layout. Yet 
E dison  a n d  his associates rea lized  th a t c en tra l sta tions w ou ld  no t find  a 
m a rk e t un less th e  cost o f  d is tr ib u tio n  was fu r th e r  re d u c e d . T h is  was es
pecially  t r u e  in less den se ly  p o p u la te d  d istric ts. E d iso n ’s official b io g ra p h e r  
w rites th a t E d ison , “b e in g  firm ly  conv inced  th a t th e re  was a way o u t . . . 
p u sh e d  aside  a m ass o f  o th e r  w ork , a n d  se ttled  d ow n  to  his p ro b le m .” 10 
S ure ly  th is was a rev e rse  salien t. O n  20 N o v em b er 1882, on ly  tw o m o n th s  
a f te r  th e  P earl S tre e t s ta tion  b egan  o p e ra tin g  on  a re g u la r  basis, Edison  
e x ecu ted  a p a te n t app lica tio n  en titled  “System  o f  E lectrical D is tr ib u tio n ” 
(U .S . P a ten t no . 274 ,290) (see Fig. IV. 1). In  th e  t ra d e  it cam e  to  be know n

7 On the m anufacturers o f d.c. motors in the 1880s. see Malcolm MacLaren, Tht Rise of the 
Electrical Industry during the Nineteenth Century (Princeton: Princeton University Press, 1943). 
pp. 92-95.

"See Dctlmar, Slarkstromtechnih, pp. 36-61; Dimslieath, History of Electrical Power Engineer- 
mg, pp. 182-87; anti E. J. Holmyard, A. R. Mall, anti T. I. Williams, etls., History o f Technology 
(Oxford: Clarendon Press. 1958).

For developments in France, sec Robert Moi'sc and Maurice Daumas “l.'Electriciić ititlus- 
iriclle." in llistoire genfrale des techniques, etl. M. Daumas cl al. (Paris: Presses Univcrsiiaircs. 
1978), pp. 337-66.

“ T he history o f incandescent lamps is given in detail in A rthur A. Bright, Jr ., The Electric- 
Lamp Industry: Technological Change and Economic Development from 1800 lo 1947 (New York: 
Macmillan. 1949). Bright includes the history or British and European developments.

lo Frank L. Dyer and Thom as C. Martin. Edison: His Life and Inventions, 3rd etl.. 2 vols. 
(New York: H arper Sc Bros.. 1930). I: 424.



Figure IV .I. Drawingi from llopkinson's 
patent for n llnee-whe distribution system
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Figure IV .2. John llopkmson. Courtesy 
of the Institution of Electrical Engineers.
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as th e  th ree -w ire  system , a n d  it c o n tin u e s  to  be u sed  fo r  d is tr ib u tio n  today. 
T h e  th re e -w ire  a r ra n g e m e n t saved  60  p e rc e n t o f  th e  c o p p e r  n e e d e d  to 
o p e ra te  E d iso n ’s tw o-w ire, fe e d e r  a n d  m ain , n e tw o rk .

J o h n  H o p k in so n  (1 8 4 9 -1 8 9 8 ), B ritish  in v e n to r , e n g in e e r , a n d  scientist, 
p a te n te d  a th re e -w ire  system  a few m o n th s  e a r lie r  (B ritish  P a te n t no . 3,576 
d a te d  27 Ju ly  1882). T h e  p a ten t a p p lica tio n  p ro v id es  a luc id  d esc rip tio n  
o f  th e  in v en tio n :

For the purpose of economising die cost o f main conductors I place two dynamo 
machines in series and place two systems o f lamps o r o ther appliances 
consuming electricity o f approximately equal capacity also in a series. A main 
conductor is taken from each extrem e pole of the two dynam os to points 
between the two systems o f lamps, the interm ediate conductor serving to bring 
back to the central station any electricity required Tor one system o f lamps in 
excess o f that required by the other system of lam ps."

E d iso n ’s rep re se n ta tiv e  in L o n d o n , E. H . J o h n s o n ,  ask ed  th e  y o u n g  A m e r
ican naval o ffice r, F ran k  J .  S p ra g u e , w ho was th e n  rev iew in g  th e  Crystal 
Palace ex h ib itio n  o f  1882, to  m ak e  a re p o r t  o n  th e  H o p k in so n  system . 
W hen  S p ra g u e  re tu rn e d  to  A m erica  in 1883, h e  w en t to  w o rk  fo r  Edison, 
w ho assigned  h im  to  th e  in s ta lla tion  o f  th e  p io n e e r in g  th re e -w ire  system  
in th e  sm all tow n o f  S u n b u ry , P ennsy lvan ia  (see pp . 4 3 2 -3 3  below).

In  G e rm an y , m eanw hile , W ilhelm  von S iem en s, o n  b e h a lf  o f  S iem ens 8c 
H alske, a lso  a p p lied  fo r a th re e -w ire -d is ir ib u iio n  p a te n t, b u t his app lica tion  
was re jec ted  because  of th e  p r io r ity  o f  H o p k in so n ’s p a te n t .12 N evertheless, 
th e  th ree -w ire  system  is an  exce llen t ex a m p le  oT th e  n e a r  sim u ltan e ity  of 
p e rc e p tio n  o f  a rev e rse  salien t.

I!)70)^UOI33 m ^ lm r* l ’Te,R 'J ol,n Electrical Engineer (London: Science Museum.

'* Deiinuir, Starkslromterlmik. n. 117
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A n o th e r  in g en io u s a tte m p t to  solve th e  d is ir ih u tio n - tian sm iss io n  p ro b 
lem  involved s to rag e  b a tte ries . S to rage  b a tte ries  w ere used  to  im p ro v e  the 
load  fac to r; in a d d itio n , b a tte rie s  w ere u tilized fo r d .c. transm ission . D irect 
c u r re n t tak en  fro m  g e n e ra to rs  at ov e r a th o u san d  volts was tra n sm itte d  
o v e r  sub stan tia l d is tan ces  (at reaso n ab le  cost because  o f  th e  h igh  voltage) 
a n d  was th e n  fed in to  b a tte rie s  c o n n ec ted  in series; each  ba tte ry  took an 
a p p ro p r ia te  in c re m e n t o f  th e  h igh  voltage in a m a n n e r  sim ila r to  th e  c o n 
nec tin g  o f  a rc  lam ps in series in a h igh -vo ltage circu it. A lte r  ch a rg in g , the  
b a tte r ie s  w ere d isco n n ec ted  fro m  th e  g e n e ra to rs  an d  c o n n ec ted  in paralle l 
lo  o b ta in  a low vo ltage a p p ro p r ia te  fo r th e  d is tr ib u tio n  ne tw ork .

B ecause a lte rn a tin g -c u r re n t transm ission  u ltim ately  d isp laced  d ire c t-c u r 
re n t a n d  s io ra g e -b a lle ry  su bsta tions, h is to rian s  have te n d e d  to  ig n o re  the 
b a tte ry  in sta lla tions. R. H . P arsons, how ever, h is to rian  o f  th e  first gene t 
a tion  o f  c e n tra l p o w er s ta tio n s, has succinctly  re c o u n te d  th e  h isto ry  o f  the 
use o f  s to rag e  b a tte r ie s  by th e  C o lcheste r, E n g land , u n d e rta k in g  a n d  by 
th e  C helsea  E lectric ity  S u p p ly  C o m p an y  in L o n d o n . T h e  S o u th  Eastern  
B ru sh  E lectric L ig h t C o m p an y , L td ., built th e  C o lch este r system , which 
b egan  o p e ra tin g  in 1884. T h e  B ru sh  C o m p an y , B ritish  c o u n te rp a r t  ol 
A m erican  E d ison , p io n e e re d  in th e  in tro d u c tio n  o f  arc-ligh t system s, an d  
th e  C o lch es te r p lan  was d ra w n  u p  to  acco m m o d a te  E d iso n ’s incandescen t 
elec tric  lig h tin g  system . H ig h -v o ltag e  B rush  a rc -ligh t g e n e ra to rs , which 
en jo y ed  a g o o d  re p u ta tio n ,  w ere insta lled  in th e  cen tra l sta tion  at C o lcheste r 
an d  tra n sm itte d  c u r r e n t  to  five ba tte ry  su bsta tions located  in cellars b en ea th  
th e  to w n ’s shops. B a tte rie s  th a t w ere c h a rg e d  in series d isch a rg ed  in paralle l 
a t 60  volts. T h e  o rg a n iz e rs  o f  th e  p lan  in te n d e d  to  supp ly  p ow er to  two 
th o u sa n d  in can d escen t lam ps, b u t they  failed to  d o  so because th e  b a tte ries  
cau sed  u n e n d in g  a n d  in su rm o u n ta b le  p ro b le m s .13

O n  th e  o th e r  h a n d , fo r ab o u t fo rty  years th e  C helsea Electricity  S upply  
C o m p an y  successfu lly  u sed  ba tte rie s  as p a r t  o f  its tran sm issio n -d is trib u iio n  
system . It u sed  B ru sh -V ic to rian  g e n e ra to rs  to  send  o u t d irec t c u r re n t  at 
m o re  th a n  1,000 volts. W hen  th e  load  on  th e  system  was relatively  low, the  
g e n e ra to rs  c h a rg e d  th e  b a tte ries , w hich w ere conn ec ted  in series, as at 
C o lch este r; w hen  th e  load was relatively h igh , th e  ba tte ries , w hich a u to 
m atically  re c o n n e c te d  in para lle l, d isch a rg ed  to  th e  load at abou t 100 volts. 
T h e  co m p an y  also u sed  m o to r  g e n e ra to rs  in th e  substa tions to  act as “c o n 
tin u o u s -c u r re n t tra n s fo rm e rs .” A fte r 1893 th e  co m p an y  su p p lied  v irtually  
all o f  C h elsea. O n ly  in 1928 w hen s tan d a rd iza tio n  was in tro d u c e d  th ro u g h 
o u t E n g lan d , d id  it co n v e rt its system  to a lte rn a tin g  c u r r e n t .1'1

T h e  s im u ltan eo u s  in v en tio n  o f  th ree -w ire  d is trib u tio n  system s (la te r, as 
m an y  as five w ires w ere tried ), use o f  th e  com plex  co m bina tion  o f  g e n e r 
ato rs  a n d  im p e rfec t s to rag e  ba tte ries , a n d  e x p e rim en ts  w ith h igh-voltage, 
d ire c t-c u r re n t transm ission  (see pp . 131 an d  234 below ) testify  to  th e  rec 
o g n itio n  th a t th e  h igh  cost o f  low -vollage d is trib u tio n  an d  transm ission

15 R. I I. Parsons, The Early Days of the Power Station Industry (Cambridge: At the University 
Press, 1940). pp. 52-5!). For exhaustive accounts of the neglected history of the storage battery, 
see Richard I I. Schallcnbcrg. Bottled Energy: Electrical Engineering and the Evolution of Chemical 
Energy (Philadelphia: American Philosophical Society, 1982); and idem. The Anomalous 
Storage Battery: An American Lag in F.arly Electrical Engineering." Technology and Culture 
22 (1981): 725-52.

Parsons, Early Days of the Power Station Industry, pp. 58-65.



n e t w o r k s  o f  p o w e r

c o n s titu te d  a rev e rse  sa lien t. E d ison , it sh o u ld  be reca lled , id en tified  the 
cost o f  d is tr ib u tio n  as a critical p ro b lem  w hen  in v en tin g  his system . In  the 
early  1880s v arious in v e n to rs  a n d  e n g in e e rs  d e f in e d  th e  critical p rob lem  
d iffe re n tly  in an  a tte m p t to  im p ro v e  th e  s itu a tio n . T h e  d e f in itio n  that 
u ltim ate ly  re su lted  in a p rac tica l so lu tio n  cam e fro m  a F re n c h m a n  w orking 
w ith an  E n g lish m an  in L o n d o n . H ow ever, n e ith e r  th e ir  co n tem p o ra r ie s  
n o r  h is to rian s  have g iven L ucien  G a u la rd  a n d  J o h n  G ibbs th e  recogn ition  
they  d eserv e . T h e ir  h is to ry  is o n e  o f  litig a tio n , c o u n te rc la im s  fo r priority , 
f ru s tra tin g  techn ica l p ro b lem s, a n d  p e rso n a l trag ed y .

M ore  th a n  any  o th e r  in v en to rs , th e  F re n c h m a n  L ucien  G a u la rd  a n d  his 
B ritish  b usiness p a r tn e r ,  J o h n  D. G ibbs, a re  re sp o n s ib le  fo r  th e  se ries  o f 
in v en tio n s a n d  d e v e lo p m e n ts  th a t c u lm in a te d  in th e  so lu tio n  o f  th e  tra n s 
m ission a n d  d is tr ib u tio n  p ro b lem . G a u la rd  a n d  G ibbs d e m o n s tra te d  tha t 
by u sin g  a lte rn a tin g  c u r re n t  a n d  tra n s fo rm e rs ,  h ig h  vo ltages co u ld  be em 
p loyed  fo r th e  econom ic  tran sm iss io n  o f  e lec tric ity  a n d  low vo ltage  fo r 
d is trib u tio n  at th e  p o in t o f  c o n su m p tio n .

T h e  h is to ry  o f  G a u la rd  a n d  G ibbs a n d  th e ir  t r a n s fo rm e r  system  is ex 
trem e ly  co m p lica ted . It p ro v id es  in s ig h t in to , a n d  ra ises q u e s tio n s  abou t, 
th e  n a tu re  o f  th e  in v e n tio n -a n d -d e v e lo p m e n t p ro cess , re v e rse  sa lien ts  and  
critical p ro b lem s, th e  em e rg e n c e  o f  new  system s, a n d  p r io r ity  cla im s and  
p a te n t co n tro v e rsy . B e fo re  tu rn in g  lo  th e  p a r tic u la r  c ritical p ro b le m s th a t 
G au la rd  a tta ck ed  in re sp o n se  lo  pe rce iv ed  re v e rse  sa lien ts , we will co n sid e r 
brie fly  th e  overall sta le  o f  th e  te ch no logy .

In  1831, a lm ost h a lf  a cen tu ry  b e fo re  G a u la rd  a n d  G ibbs o b ta in e d  th e ir  
first p a te n t on  th e ir  t ra n s fo rm e r  system  o f  d is tr ib u tio n , M ichael Faraday  
(1 7 9 1 -1 8 6 7 )  d isco v ered  th e  p r in c ip le  o f  in d u c tio n . In  th e  in te rv e n in g  dec
ades, m any  in v en to rs  ap p lied  th e  p r in c ip le  o f  in d u c tio n , w hich  s la ted  that 
fro m  a p rac tica l in v e n to r ’s po in t o f  view, a v a r ia tio n  in th e  e lec tric  c u r re n t 
in a coil o f  co n d u c tin g  w ire will in d u c e  a c u r r e n t  in  a coil th a t is in close 
p ro x im ity . M any o f  th e  a p p lica tio n s  th a t p re c e d e d  G a u la rd ’s w ere  various 
fo rm s o f  th e  sp a rk  in d u c e r , o r  in d u c tio n  coil, d e v e lo p e d  by th e  G erm an  
physicist H e in rich  D aniel R u h m k o rf f  ( 1 8 0 3 - 1877) in 1848, a n d  in tro d u c e d  
in a m o re  p rim itiv e  desig n  by C h a rle s  G ra l lo n  Page (1 8 1 2 -1 8 6 8 )  in the  
U n ited  S lates in 1836 on  th e  basis o f  Jo se p h  H e n ry 's  in d e p e n d e n t  d iscovery 
of in d u c tio n . T h e  object o f  ih e se  devices, w hich cam e  lo  be  know n  as 
R u h m k o rf f  coils, was to  in d u c e  a h igh  e lec tro m o tiv e  fo rce  (vo ltage) in  the  
seco n d a ry  fro m  a low e lec tro m o tiv e  fo rce  in th e  p r im a ry . T h e  resu ltin g  
voltage, o r  ten sio n  as it was th e n  called , was t ra n s fo rm e d ,  bu t it was step p ed  
u p , n o t d o w n .15

As th e  use ol a rc  lam ps in c rea sed  in th e  la te  1870s, severa l in ven to rs  
ad d re sse d  th e  p ro b lem  of p re v e n tin g  th e  e x tin g u ish in g  o f  o n e  lam p , e ith e r 
in ten tio n a lly  o r  by acc id en t, fro m  b re a k in g  th e  e n tire  c ircu it a n d  ex tin 
g u ish in g  th e  re m a in d e r  of th e  lam ps. T o  d o  th is, th e  p r im a rie s  o f  a n u m b e r  
of in d u c tio n  coils w ere co n n ec ted  in se ries  in a c ircu it su p p lie d  by a g en 
e ra to r . a n d  in d iv idua l a rc  lam ps w ere  c o n n e c te d  to  th e  in d u c tio n  coils’ 
seco n d aries . B ecause th e  s eco n d a rie s  w ere  n o t in th e  p r im a ry  e lec tric  circuit

r Z ^ ! , |T n|l)0rn' l l " " 'n n f ,h'  r ' an-'former (London: Spon, I8B9), pp. 6 -10. For a biographyla!,, * a« I'? r y rlt,urical invcn,ions’s- ***"c *«■ paî andA Orography of Charles Graf,on / y  ,N ew York: Watson. 19761



8 7  R E V E R S E  S A L I E N T S  A N D  C R IT IC A L  l ’R O R L E M S

Figure IV .3. Gaulard and Gibbs's patei 
for a transformer distribution system, !8 8 ‘.

b u t w ere re la ted  lo  th e  p r im a rie s  th ro u g h  an  e le c tro m a g n e iir  field , in d i
v idual lam ps cou ld  be ex tin g u ish ed . T h e  electrical circ uit re m a in e d  u n 
b ro k en ; on ly  a m ag n etic -fic ld  re la tio n sh ip  was in te r ru p te d .  A m ong  ilie 
several in v en to rs  w ho e m p lo y ed  th is p lan  was th e  R ussian -ho rn  inven tn i 
Paul J a b lo c h k o lf  (1 8 4 9 -1 8 9 4 ). w ho d isp layed  his lam ps (JablochkolT c a n 
dles) a t th e  Paris In te rn a tio n a l E xhib ition  o f  1878. T o  supp ly  his lam ps 
w hich h ad  vertical side-by -side  c a rb o n  ro d s se p a ra te d  by the- in su la to r ka 
olin , he u sed  th e  th en -fa m o u s  a lte rn a tin g -c u rre n t g e n e ra to r  d ev e lo p ed  l>\ 
th e  B elg ian  in v e n to r  a n d  en g in e e r , Z enobe  T h e o p h ile  ( d a m m e  (I82<> 
1901). A m o n g  Ja b lo c h k o lfs  d em o n s tra tio n s  in 1878 w ere those  at th e  ex 
h ih ition  hall a l th e  C h a m p  d e  M ars, M agazins d u  L ouvre , on  I'A venue tic 
I 'O p e ra . Jab lo ch k o ff e x p e r im e n te d  w ith vary ing  th e  in tensity  o f  th e  lam | 
by vary in g  th e  tu rn s  a n d  d ia m e te r  (resistance) o f  th e  w ire o f  th e  induc tion  
coils. T h u s  he  e m p lo y ed  th e  t ra n s fo rm e r  p r in c ip le ." ’ Like sim ilar p lans 
how ever, em p lo y in g  a t ra n s fo rm e r  w ith a seco n d ary  o f  h ig h e r  resistance 
th a n  th e  p r im a ry  ra ised  th e  vo ltage ra th e r  th a n  low ered  it. In  essence, 
Jab lo ch k o ff u sed  th e  t ra n s fo rm e r  as a m o d e  o f  co n n ec tin g  lam ps to a circuit, 
no t as a m ean s o f  tra n sm ittin g  electric ity  econom ically  at h igh  voltage and  
d is tr ib u tin g  it a t low voltage in a safe  a n d  usable  lo rn t.

U p  un til 1880, th e  h is to ry  o f  th e  t ra n s fo rm e r— as d is tin g u ish ed  from  the 
R iih m k o rff  coil— involved  th e  c o n n ec tio n  o f  p rim arie s  in series, th e  ra ising  
o f  th e  seco n d a ry  vo ltage  in re la tio n  to  the  p r im ary , a n d  th e  supp lv  o f  arc 
lam ps. P rio r to  th a t tim e, no  in v e n to r  h ad  an tic ip a ted  by d e m o n s tra tio n  
th e  p a r tic u la r  co m b in a tio n  m ad e  by G a u la rd : th e  conn ec tio n  o f  p rim arie s  
in se ries in a h ig h -v o ltag e , a lte rn a tin g -c u r re n t,  e x te n d e d  circu it; th e  low
e rin g  o f  th e  sec o n d a ry  vo ltage: th e  supp ly  o f  incan d escen t a n d  a rc  lam ps; 
an d  th e  su p p ly  o f  loads o f  d if fe re n t m a g n itu d e  from  d iffe re n t tra n s 
fo rm e rs .17

A ssisted by his business  p a r tn e r  G ibbs, G au la rd  used  ex isting  techno logy  
a n d  kn o w led g e  to  solve th e  critical p ro b lem s o f  tra n s fo rm e r  d e v e lo p m en t. 
H e  believed  th a t a p rac tica l tra n s fo rm e r  system  w ould  co rrec t th e  reverse  
sa lien t o f  h igh -cost tran sm issio n . F u r th e rm o re , in d e f in in g  th e  p rob lem s 
o f  t ra n s fo rm e r  d e v e lo p m e n t, he  look  in to  accoun t th e  sections in th e  Elec
tric  L ig h tin g  A ct o f  1882 th a t g o v e rn ed  th e  transm ission  an d  d is trib u tio n  
o f  electric ity . In  re sp o n d in g  to  th e  prov isions o f  th e  leg islation, he also 
m ad e  possible th e  use o f  a sing le  tra n s fo rm e r  to  supp ly  various e lectric 
lam ps re q u ir in g  d if fe re n t vo ltages a n d  c u rre n t.  T h e  available reco rd  does 
n o t m ak e  c lear, how ever, w h e th e r  his p rim ary  objective was to  fulfill the  
legislative re q u ire m e n ts , as he in te rp re te d  th em , o r  to  d esign  a tra n s fo rm e r  
su itab le  fo r v arious loads.

Section  18 o f  th e  law s ta led  tha t “th e  u n d e rta k e rs  [supp lie rs  o f  elect rici(y| 
shall n o t be en titled  to  p rescrib e  any  special Torm o f  lam p  o r b u rn e r  to  be 
u sed  by a ny  c o m p an y  o r  p e rso n .” 1" A p a rliam en ta ry  c o m m ittee  h ad  publicly  
de lib e ra te d  th e  p rovisions o f  th e  legislation in th e  sp rin g  o f  1882 a n d  the 
act was d a te d  18 A ugust 1882, so G au la rd  a n d  G ibbs had  had  an  o p p o r-

'*Engineering 23 (1877): 366; 26 (1878): 63 IT.. 125-27. 321-22; and ( t|>|>c-iiIm>i n. Hntoiy  
of the Transformer, pp. 13-16.

17 U pprnbom . History of the Transformer, pp. 23-29.
'"Klcrlric LifthliiiK Act of 1882, 45 8c 46 Virl.. rh. 56. JI8.



88 n e t w o r k s  o p  p o w e r

Figure IV.4. The Gaulard and Gibbs 
transformer. From Fleming, T he 

Alternating Curren t 
T ransform er, 2: 74.

Figure IV. 5. Figures from Gaulard and 
Gibbs's patent no. 4,362 (13 September 

1882). Figure 1 shows transformer

Figure IV.6. Gaulard and Gibbs's first 
hi, 1882. From Fleming, The 

A lternating C urrent 
T ransform er, 2: 72.

m n ity  to  co n s id e r its p rov is ions b e fo re  leav ing  th e ir  p a te n t specifications 
at th e  O ffice  o f  th e  C o m m iss io n e rs  o f  P a ten ts  on  13 S e p te m b e r  1882.

E vidence th a t G a u la rd  a n d  G ibbs d e s ig n e d  th e ir  system  w ith section  18 
in m in d  is fo u n d  in c o n te m p o ra ry  d esc r ip tio n s . S h o rtly  b e fo re  th e  system  
w en t on  d isp lay  at th e  W estm in s te r A q u a riu m  in L o n d o n , Engineering, 
B rita in ’s le ad in g  techn ica l p e rio d ica l, p u b lish ed  an  a r tic le  w ritten  by the 
in v en to rs  ab o u t th e ir  system . T h e  a rtic le  b eg an  w ith a re m in d e r  th a t the  
E lectric L ig h tin g  A ct ex p re ssly  p ro sc r ib e d  th e  use o f  any  p a r tic u la r  lam p  
a n d  th a t availab le  in c a n d e sc e n t lam p s v aried  in sp ec ifica tion  fro m  48  to  91 
volts. T h e  re a d e r  was also  r e m in d e d  th a t “a d iv e rg e n c e  o f  ten  pe rcen t 
above o r  below  th is s ta n d a rd  is in ju r io u s  to  th e  lile o f  th e  lam p , o r  g reatly  
red u ces  its lig h tin g  p o w e r ." 1” As th e  a rtic le  c o n tin u e d , G a u la rd  a n d  G ibbs's 
system  allow ed th e  su p p lie r  to  use  c u r r e n t  at h igh  ten s io n  to  th e  p o in t o f 
co n su m p tio n  a n d  th e n  m a d e  th e  u se r  “in d e p e n d e n t  o f  th e  p ro d u c e r ,"  
en ab lin g  "h im  to  ap p ly  th e  c u r r e n t  he  receives to  any  p u rp o s e  he may 
p lease, such  as a rc  ligh tin g , in c a n d e sc e n t lig h tin g , th e  g e n e ra tio n  o f  p ow er, 
o r  o f  h e a t.”20 A c o n su m e r  w ho was “in d e p e n d e n t  o f  th e  p ro d u c e r ,” th e re 
fo re , co u ld  no t be fo rced  to  use th e  ligh ts o r  vo ltages o r  o th e r  specific 
co m p o n e n ts  th a t a su p p lie r , o r  u n d e r ta k e r ,  m a n u fa c tu re d ,  so ld , o r  had  
o th e r  in te re s ts  in.

G au la rd  a n d  G ibbs’s d e sign  c a n n o t be fully a p p re c ia te d  w ith o u t tak ing  
in to  acco u n t th is re sp o n se  to  leg isla tion  a n d  th e  d e s ig n e rs ' an tic ip a tio n  of 
v aria tio n s in load . T h e  fa ilu re  o f  som e critics o f  th e  G a u la rd  a n d  Gibbs 
system  to tak e  in to  c o n s id e ra tio n  its re sp o n se  to  th e  1882 act ex p la in s  why 
th e  system  was “ received  w ith very  c o n s id e ra b le  d o u b t, n o t to  say con 
te m p t.”21 T o  an  even  g re a te r  e x te n t it e x p la in s  th e  inab ility  o f  som e h is
to r ian s  to  a p p re c ia te  G au la rd  a n d  G ibbs’s in v e n tio n .22 T h e  severa l m ethods 
th a t G au la rd  a n d  G ibbs p ro v id e d  to  allow  c o n su m e rs  to  vary  th e  cha rac 
teristics o f  su p p ly  involved  a n u m b e r  o f  co m p lica tio n s  in d es ig n  th a t ap p ea r 
ir ra tio n a l un less th e  d e s ig n e rs ’ in te n t is know n .

A d esc rip tio n  o f  th e  system  tha t G au la rd  a n d  G ibbs d isp lay ed  at the  
W estm in ste r A q u a riu m  ex h ib itio n  in 1883 illu stra te s  th e  re la tio n sh ip  be
tw een  leg isla tion  a n d  desig n . T h e  t ra n s fo rm e r  in tro d u c e d  in 1883 consisted  
ol fo u r  sets o f  fo u r  vertically  slacked  bobb ins. T h e  bob b in s , w o u n d  with 
w ire, c o n s titu te d  th e  s e co n d a ry  o l th e  tra n s fo rm e r .  The p r im a ry  consisted  
ol an  in su la ted  c o p p e r  c o n d u c to r  w o u n d  on  a ho llow  p a p e r  tu b e . T h e  open  
co re  (£ ) o l th e  t ra n s fo rm e r  was a soft iro n  b a r  fitted  in side  th e  tu b e  on 
w hich th e  p r im a ry  was w o u n d . (See fig s . IV .4 -IV .6 .)

T h e  a d ap tab ility  ol th e  t ra n s fo rm e r  re su lte d  fro m  th e  fact th a t th e  bob
b ins co u ld  be co n n e c te d  to  o n e  a n o th e r  in d if fe re n t ways, th e  slacks o r  fou r 
cou ld  be co m b in ed  variously , a n d  th e  iro n  co re  o f  th e  p r im a ry  cou ld  be 
c ra n k e d  in a n d  o u t o l th e  stack of bobbins. Each o f  th e  six teen  bobbins 
h ad  tw o sp r in g  te rm in a ls  re s tin g  on  a vertical c o m m u ta to r  th a t cou ld  be

<>l F.lrcirical Distribution." Engineering 35 (1883): 205.'“ "Gaulard anti Gibbs' System 
Ibid.

”  Ibid.. p. <158.
» A . A. I lalacsy an,I G. II. von Kurils ("T ransform er Invent«! ScventyTtve Years Ago." 

eanacMons of the American Institute of Electrical Engineers: Tower Apparatus and Systems 80 110 6 11: 
121) make only bnet reference to (laniard and Gibbs, rem arking upon the anomalies o f their
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tu rn e d  by a c ra n k  m o u n te d  in th e  c e n te r  on  to p  o f  th e  t ra n s fo rm e r . By 
tu rn in g  th e  c o m m u ta to r , th e  positive  en d  o f  each  bobb in  co u ld  be c o n 
n ec ted  lo  th e  n eg a tiv e  e n d  o f  th e  ad jacen t o n e  in th e  slack o f  fo u r; in 
a n o th e r  position  o f  th e  c ra n k , all positive e n d s  w ere jo in e d ,  as w ere all 
n eg a tiv e  en d s ; a n d  in a th ird  position , th e  bobb ins  w ere g ro u p e d  in two 
series  o f  tw o each . N ot lim ited  to  these  p e rm u ta tio n s , th e  t ra n s fo rm e r  also 
p ro v id e d  te rm in a ls  on  th e  u p p e r  b o a rd  fo r  th e  low er a n d  u p p e r  e n d s  o f 
each  slack o f  b o bb ins  a n d , by m eans o f  sh o rt p ieces o f  w ire, th e  te rm in a ls  
co u ld  be co n n e c te d  in  such  a way as to  g ro u p  th e  stacks in series, in p ara lle l, 
o r  "in  sets o f  tw o ea c h .”

G a u la rd  a n d  G ibbs d es ig n ed  th is tra n s fo rm e r  to  be co n n e c te d  in th e  
c ircu it o f  an  a l te rn a tin g -c u r re n t g e n e ra to r . T h e  n u m b e r  o f  t ra n s fo rm e rs  
in a c ircu it va ried : they  h a d  o n ly  tw o tra n s fo rm e rs  a t th e  a q u a riu m  in 
s ta lla tion , b u t th e ir  d e sc rip tiv e  li te ra tu re  m e n tio n e d  as m an y  as e lev en .28 
T h e y  also d e c id e d — a n d  th is tu rn e d  o u t to  be critical— to  co n n ec t th e  p r i 
m arie s  o f  th e  tra n s fo rm e rs  in series, as was cu sto m ary  at th a t tim e. C ritics 
o f  G au la rd  a n d  G ibbs w ere o f  th e  o p in io n  th a t th e  w iring  o f  t ra n s fo rm e rs  
in se ries  was an  e x a m p le  o f  th e ir  ig n o ran ce  o f  tra n s fo rm e r  princ ip les. 
W ith in  a few  years, o th e rs  w ould  co n n ec t tra n s fo rm e r  p r im a rie s  in paralle l, 
an  a r ra n g e m e n t  th a t w ould  p ro v e  ad v a n ta g e o u s  a n d  becom e s ta n d a rd .

A t least o n e  c o n te m p o ra ry  a u th o rity  m isu n d e rs to o d  th e  G a u la rd  a n d  
G ibbs tra n s fo rm e r ,  tak in g  it to  have a 1:1 ra tio  o f  tran s fo rm a tio n  (the 
red u c tio n  o f  vo ltage  was believed  lo  resu lt solely f ro m  th e  subdiv ision  th a t 
o c c u rre d  w ith m u ltip le  tra n s fo rm e rs  in se ries).24 In  co n tra s t,  th e  d e sc r ip 
tions, u n d o u b te d ly  su p p lie d  to  techn ica l jo u rn a ls  by G a u la rd  a n d  Gibbs 
them selves, exp lic itly  s ta te  th a t each  co n su m e r u sin g  a tra n s fo rm e r  "w ould 
h ave it in  his p o w er to  g e n e ra te  c u r re n ts  a t a p o ten tia l o f  45 , 60, 91, o r 
o th e r  n u m b e r  o f  volts as h e  c h o se .”25

A n o th e r  d e s ig n  fe a tu re  o f  th e  G au la rd  a n d  G ibbs t ra n s fo rm e r  tha t was 
s ing led  o u t fo r  critic ism  was th e  o p e n  c o re .26 B ut G au la rd  a n d  G ibbs had  
g ood  rea so n  to  u se  an  o p e n  r a th e r  th a n  a closed  m agnetic  co re . T h e  closed 
co re , o r  closed  m ag n e tic  c ircu it, w ould  have p re v e n te d  loss o f  m agnetism  
(in d eed , G au la rd  a n d  G ibbs's successors in tra n s fo rm e r  d esign  re so rted  to 
it), b u t G a u la rd  a n d  G ibbs chose  th e  o p e n  co re  because it cou ld  be c ran k ed  
in a n d  o u t o f  th e  coils. In  th is way they  in te n d e d  to  p ro v id e  th e  m eans fo r 
va ry in g  th e  seco n d a ry  o u tp u t,  p re su m ab ly  in re sp o n se  to  any  m in o r  vari
a tio n s  re su ltin g  fro m  load  ch an g es; in fact, in 1885 G au la rd  w ro te  th a t he 
w ould  d isp en se  w ith th e  m ovable  co re  a n d  use a closed co re  if  th e  cu s to m er 
load was inv a riab le .27

'iS Engineering 35 (1883): 205.
M U ppcnborn, History of the Transformer, pp. 35. 41.
n Engineering 35 (1883): 205. " If  the secondary coil be made in several parts, each with 

independent terminals, these parts may be variously combined cither in parallel arc. or com
pound parallel arc, o r scries, according lo the conditions under which the second, or locally 
generated current, is lo be employed, and thus it is possible to generate by means of one 
secondary generator, currents of high or low potential" (ibid., p. 206).

”  U ppenborn.. History of the Transformer, pp. 34-35, 46—49: Telegraphic Journal and Electrical 
Revieui 17 (1885): 114-16 and 465-66.

”  I.etter from G aulard to the journal, Telegraphic Journal and Electrical Review 17 (1885):
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W hen  th e  s ta te  o f  th e  te ch n o lo g y  a n d  c ircu m stan tia l fac to rs  a re  co n sid 
e re d , G a u la rd  a n d  G ibbs’s co n n e c tin g  o f  th e  tr a n s fo rm e r  p rim a rie s  in series 
a lso  seem s rea so n ab le . U n lik e  E d iso n , w ho  d e s ig n e d  an  e n tire  system  o f 
in c a n d e sc e n t e lec tric  lig h tin g , G a u la rd  a n d  G ibbs d e s ig n e d  a t ra n s fo rm e r  
fo r  c o m b in a tio n  w ith av a ilab le  c o m p o n e n ts  to  fo rm  a  system . F o r  exam ple , 
th ey  u sed  a S iem en s a l te rn a t in g -c u r r e n t  g e n e ra to r  in th e  W estm in ste r 
A q u a riu m  in sta lla tio n . O rig in a lly  d es ig n e d  fo r  a rc  lig h ts  c o n n e c te d  in se
ries, th e  S iem en s m a c h in e  w as a c o n s ta n t-c u r re n t  m ach in e . T h is  type  o f  
g e n e ra to r  m ain ta in ed  a con stan t c u rre n t th ro u g h  th e  en tire  c ircu it by m eans 
o f  an  au to m a tic  re g u la to r  th a t v a ried  th e  g e n e ra to r  o u tp u t  a n d  e lec tro 
m o tiv e  fo rce  a c c o rd in g  to  th e  load . By v a ry in g  th e  c ircu it, o r  te rm in a l, 
v o ltage , th e  c ircu it c u r r e n t  co u ld  be h e ld  c o n s ta n t d e sp ite  varia tio n s in 
o u tp u t .  T h e re fo re ,  it seem s p ro b a b le  th a t G a u la rd  a n d  G ibbs d ec id ed  to 
tak e  a d v a n ta g e  o f  th e  c o n s ta n t-c u r re n t  c h a ra c te r is tic  o f  th e  S iem en s m a
c h in e  by w irin g  th e  p r im a r ie s  o f  th e ir  t r a n s fo rm e r s  in se rie s , as a rc  lights 
w ere  w ired . T h e y  e x p e c te d  th a t  th e  c o n s ta n t- c u r r e n t  flow  th ro u g h  the 
c ircu it w o u ld  re su lt in th e  a p p ro p r ia te  e le c tro m o tiv e  fo rc e  acro ss  th e  sec
o n d a r ie s . T h e y  also  b e liev ed  th a t it w o u ld  be p ossib le  to  o b ta in  a variab le  
s e c o n d a ry  c u r r e n t ,  w hich  was n ecessa ry  fo r  an  in c a n d e sc e n t- la m p  load 
w ired  in p a ra lle l .28 T h e y  w o u ld  h av e  b e e n  w iser to  d e s ig n  a n d  d e v e lo p  a 
g e n e r a to r  espec ia lly  fo r  th e ir  sy stem , as E d iso n  h a d , b u t th e y  p ro b a b ly  w ere 
n o t ab le  to  o b ta in  fin a n c in g  as read ily  as h a d  th e  W iza rd  o f  M en lo  Park .

B e fo re  1885, h o w ev e r, a m a jo r  flaw  in th e  system  h a d  b e e n  d iscovered : 
th e ir  e x p e c ta tio n  th a t  a c o n s ta n t p r im a ry  c u r r e n t  w o u ld  re su lt  in  a co n s tan t 
s e c o n d a ry  v o ltag e  h a d  p ro v e d  e r ro n e o u s .  I f  th e  lo ad  in  th e  seco n d a ry  
v a r ie d , as. fo r  e x a m p le , w h en  in c a n d e sc e n t la m p s  w e re  sw itch ed  o u t, the  
re m a in in g  la m p s  b e c a m e  b r ig h te r .  T o  r e m e d y  th is , G a u la rd  a n d  G ibbs 
in tro d u c e d  in th e  s e c o n d a ry  c irc u it a n  a u to m a tic  r e g u la to r  d e s ig n e d  to  vary 
th e  s e c o n d a ry  c u r r e n t  in  a c c o rd a n c e  w ith  th e  lo ad  a n d  to  m a in ta in  a c o n 
s ta n t s e c o n d a ry  vo ltag e . W h a te v e r  th e  su ccess o f  th e  dev ice , it a d d e d  a n 
o th e r  c o m p lic a tio n  to  an  a lre a d y  e x tre m e ly  co m p lic a te d  t r a n s fo rm e r  d e 
s ig n .20

G a u la rd  a n d  G ib b s’s e f fo r ts  to  rec tify  th e  in a d e q u a c ie s  o f  th e ir  system  
in c lu d e d  sw itch in g  fro m  an  o p e n  to  a c lo sed  m a g n e tic  co re , c o n n e c tin g  the  
p r im a r ie s  in p a ra lle l r a th e r  th a n  in se r ie s , a n d  v a ry in g  th e  w in d in g  o f  the  
p r im a r ie s . N e v e rth e le s s , th ey  e n c o u n te re d  se r io u s  p ro b le m s . U se o f  the  
c lo sed  m a g n e tic  c o re  ra ise d  th e  e ffic ien cy  o f  th e  t r a n s f o r m e r  b u t e lim in a ted  
th e  a d v a n ta g e  o f  th e  m o v ab le , ro d -s h a p e d ,  o p e n -e n d e d  co re . In  la te  1885 
o r  e a r ly  1886 G a u la rd  a n d  G ibbs a lso  tr ie d  a c o m b in a tio n  o f  p r im arie s  
c o n n e c te d  in  p a ra lle l  a n d  a c lo sed  c o re . T h e y  h a d  b e e n  to ld  th a t th is com 
b in a tio n  w o u ld  p ro v id e  g o o d  v o ltag e  r e g u la tio n ,  b u t th e  r e s u ltin g  system  
d id  n o t fu n c tio n  sa tis fa c to r ily .80 Its c o m p o n e n ts  p ro b a b ly  r e q u ir e d  m o re  
r e d e s ig n in g  th a n  th ey  c o u ld  a f fo rd  o r  w ere  c a p a b le  o f  d o in g . In  th e  end , 
it seem s, v o ltag e  re g u la tio n  w as th e  m a jo r  re v e rse  sa lien t in th e ir  system .

'JI>The Engineer (L ondon) 00 (1885): 430.
Ibid.

’"P . Siriingc, "Some Tests on a G aulard and  Gibbs T ran sfo rm er,"  Papers Presented at the 
Third Weekend Meeting on the History o f Electrical Engineering, Manchester, England, 11-13 July 
1975 (L ondon: Institution o f  F.lccniral Engineers, n.d.), p. 4/5.
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T h e y  re so r te d  to  e x trem e ly  co m plex  devices to reg u la te  th e  secondary  
voltage u n d e r  ch an g in g  load  co n d itio n s, hu t they  w ere u n ab le  to  solve the 
p ro b lem , a n d  it was o th e r  in v en to rs  a n d  o th e r  e n g in e e rs  w ho fo u n d  the 
answ er. O u ts ta n d in g  am o n g  th o se  w ho su cceed ed  w ere th re e  m en  assoc i
a ted  w ith o n e  o f  E u ro p e 's  le ad in g  electrical m a n u fa c tu re rs . C a n /  Sc C o m 
pany  o f  B u d ap es t. H u n g a ry  (th en  a k in g d o m  in th e  A u s tro -H u n g a ria n  
E m pire ).

B e fo re  co n s id e r in g  th e  c ritical rev isions m ad e  by th e  H u n g a ria n s , h o w 
ever, it is im p o r ta n t to  n o te  th a t G au la rd  a n d  G ibbs laid tb e  fou n d a tio n s 
fo r a new  system  o f  lig h tin g  d u r in g  th e ir  search  fo r a so lu tio n  to  th e  prob lem  
o f  tran sm issio n  a n d  d is trib u tio n  in th e  d .c. system . In  e ffec t, they  re sp o n d ed  
to  a rev e rse  salien t in in can d escen t ligh tin g  in g en e ra l a n d  w ere not in ten t 
on  sav ing  th e  ex is tin g  d .c. system , as w ere Edison  a n d  o th e r  in v en to rs  and  
e n g in e e rs . The g e n e ra l rev e rse  salien t th a t G a u la rd  a n d  G ibbs o b served  in 
evolv ing  e lec tric  lig h tin g  was clearly  a n d  succinctly  desc rib ed  by them . In 
M arch  1883, in an  a r tic le  in Engineering, they  desc rib ed  th e ir  system  as a 
so lu tio n  lo  th e  p ro b lem  “o f  th e  f u r th e r  in d u s tr ia l d ev e lo p m en t ol abso lu te  
d is tr ib u tio n , th a t is to  say, a system  o f  d is tr ib u tio n  lim ited  n e ith e r  by the 
d is tan ce  o f  th e  c e n tra l fac to ry  fro m  th e  p o in t o f  c o n su m p tio n , n o r  by the 
n u m b e r  o f  co n su m e rs  to  be s u p p lie d ." 31 T h e y  te rm e d  th e  p ro b lem  "d is
t r ib u t io n ” ; today , b ecau se  o f  th e  d is tan ce  env isaged , we w ould  te rm  the 
p ro b lem  “tra n sm iss io n .” (O n e  o f  th e  first p ro p o sa ls  m ad e  by G au la rd  and  
G ibbs was to  illu m in a te  th e  Suez C anal u sin g  4 0 ,000  volts fo r transm ission .)

T o  d esc rib e  G a u la rd  a n d  G ibbs's w ork  as th e  in v en tio n  a n d  deve lo p m en t 
o f  a new  system  is valid  fo r severa l reasons. First o f  all, co n te m p o ra r ie s  
re fe r re d  to  a lte rn a tin g  c u r r e n t  w ith tra n s fo rm e rs  as a new  system , calling 
th e  c o m p e titio n  be tw een  d .c. l ig h tin g  a n d  a.c. lig h tin g  “th e  b a ttle  o f  the  
c u r re n ts ,” o r  “th e  b a ttle  o f  th e  system s." In  ad d itio n , G au la rd  a n d  Gibbs 
a n d  th e ir  successors in th e  a.c. field  h ad  to  in tro d u c e  d iffe re n t c o m p o n en ts  
f ro m  th o se  u sed  in th e  d .c. system , w ith th e  m a jo r ex cep tio n  o f  th e  in can 
d escen t lam p . O th e r  reaso n s fo r c a teg o riz in g  d .c. a n d  a.c. as d istinct system s 
in c lu d e  th e  d ev e lo p m e n t o f  d if fe re n t theo re tica l s tru c tu re s  to  analyze and  
ex p la in  th e m  a n d  th e  e s tab lish m en t o f  s e p a ra te  en g in ee rin g -sch o o l cou rses 
to  teach them . M ore im portan t fo r an  u n d e rs tan d in g  o f  technological change 
is th e  fact (hat th e  h isto ry  o f  th e  in v en tio n  a n d  dev e lo p m en t o f  G au la rd  
a n d  G ibbs’s system  is a case o f  th e  d y nam ic  m o v em en t from  o n e  system  to 
a n o th e r  as a re su lt o f  a flaw in th e  first be ing  co rrec ted  by p ro b lem  id e n 
tifica tion  a n d  an  inv en tio n  th a t becam e th e  essen tia l co re  o f  a new  system .

B ecause m any  in v en to rs  p e rce ived  th e  reverse  salien t in th e  d ire c t-c u r
r e n t system  a n d  because  som e saw w eaknesses in th e  G au la rd  a n d  G ibbs 
system  a n d  in tro d u c e d  im p ro v em en ts , th e re  was in ten se  litigation  over the  
p rio rity  o f  in v en tio n  a n d  p a te n ts .32 T h e  basic p a ten t was a p rovisional 
spec ifica tion  e n title d  "A  New System  o f  D istribu ting  Electricity  lo r  the 
P ro d u c tio n  o f  L ight a n d  Pow er" a n d  d a te d  13 S e p te m b e r  1882. C a u la rd  
a n d  G ibbs took  o u t re la ted  p a ten ts  in 1884 an d  1885. O n  II  D ecem ber

51 "Gaulard and Gibbs System ol Electrical Distribution." Engineering 35 (1883): 205.
” 1*. Strange. "T ransform er Patent Litigation. I: 1880-1890," Papers Presented at the First 

Weekend Meeting on the History of Electrical Engineering. Birmingham, England, 11 -11 July 1971 
(London: Institution o f Electrical Engineers, n.d ). pp. 8 /I-8/8.
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1886 Sebasiian  Z iani d e  F e rra n ti ,  a c tin g  fo r  S ir C o u tts  L indsay  a n d  C o m 
pan y  o r  L o n d o n  (see p p . 9 7 -9 8  below ) p e tit io n e d  fo r  th e  rev o ca tio n  o f  the  
o rig in a l G au la rd  a n d  G ibbs p a te n t,  a lleg in g  th a t it lacked  novelty  a n d  utility . 
In  M arch  1887 G a u la rd  a n d  G ibbs c o u n te re d  w ith  an  ac tion  c la im in g  in 
fr in g e m e n t o f  th e ir  p a te n t by F e r ra n ti  a n d  S ir C o u tts  L indsay  a n d  C o m 
pan y .33 T h e  p e titio n e rs  a lso c la im ed  th a t G a u la rd  a n d  G ibbs’s co m p le te  
spec ifica tions d id  n o t c o n fo rm  to  th e  p ro v is io n a l sp ec ifica tion . In  A pril 
1888 th e  c o u r t  a llow ed G a u la rd  a n d  G ibbs to  a m e n d  th e ir  specifications. 
T h e n ,  h e a r in g  th e  p e titio n , th e  j u d g e  d e c la re d  th e  p a te n t  void b ecause  o f 
th e  in su ffic iency  o f  th e  co m p le te  a n d  a m e n d e d  sp ec ifica tions. G a u la rd  an d  
G ibbs a p p e a le d  th e  case to  B rita in 's  C o u r t o f  A p p ea l, w hich  h e ld  th a t the  
in v en tio n  was u se fu l a n d  n o t an tic ip a te d , b u t th a t  th e  p a te n t was void 
becau se  a d isc rep an cy  re m a in e d  b e tw een  th e  p ro v is io n a l a n d  com p le te  
spec ifica tions a n d  because  th e  a m e n d m e n t  e x te n d e d  th e  scope  o f  th e  in 
ven tio n . G au la rd  a n d  G ibbs th e n  p re se n te d  a n  a p p e a l to  th e  H o u se  o f  
L o rd s, w h e re  th re e  m e m b e rs  h e a rd  th e ir  case. T h e  L o rd  C h a n c e llo r  d id  
n o t see th e  novelty  th e  C o u r t o f  A p p ea l h a d  p e rce iv ed  in  th e  co m b in a tio n  
p ro p o se d  by G au la rd  a n d  G ibbs; L o rd  F a r r e r  H e rsch e ll ru le d  th a t th e  sta te  
o f  p u b lic  kno w led g e  was such  th a t th e  a lleg ed  in v en tio n  “was a m e re  a d 
a p ta tio n  re q u ir in g  no  in v en tio n  a n d  possessed  o f  n o  novel fe a tu re s ”; an d  
L o rd  M o rris  d e c id e d  th a t by w ith d raw in g  th ro u g h  a m e n d m e n t  th e ir  claim  
to  a specially  c o n s tru c te d  a n d  novel s e c o n d a ry  g e n e ra to r  ( tra n s fo rm e r) , 
G a u la rd  a n d  G ibbs h ad  left H am le t o u t o f  th e  p lay . In  J u ly  1890 th e  ap pea l 
was d ism issed  w ith  costs.34

In  th e ir  p e titio n  fo r  rev o ca tio n , F e r ra n ti  a n d  h is assoc ia tes c ited  as p r io r  
pub lica tio n  th ir te e n  B ritish  p a te n ts , F a ra d a y ’s Experim ental Research in  Elec
tricity, p o r tio n s  o f  th re e  w orks by “N o a d ,” tw o artic le s  in  th e  Telegraphic 
Journa l and  Electrical Review  o f  15 A p ril 1879, a n d  C o u n t d u  M oncel’s 
d e sc r ip tio n  o f  th e  Ja b lo c h k o ff  system  in Expose des applications d ’electricite 
(1878). In  c iting  p r io r  use, they  w ere less specific , c la im in g  th a t th e  alleged  
in v en tio n  was com m o n ly  used  in te le g ra p h y ; th a t e lec tric ian s  u sed  the  
alleged  in v en tio n  ( in d u c tio n  coils c a rry in g  a lte rn a t in g  c u r r e n t)  to  supply  
ligh t w h en  they  fo u n d  it co n v en ien t a n d  a p p ro p r ia te ;  a n d  th a t J a m e s  E d
w ard  H e n ry  G o rd o n , in  M ay 1880 a n d  su b se q u e n tly , u se d  th e  inv en tio n  
to  su p p ly  ligh t a t  his h o m e  in D o rk in g  a n d  at v a rio u s  p laces in  L o n d o n .33 
T h e  re fe re n c e  to  use  o f  th e  t ra n s fo rm e r  system  by th e  w ell-know n  in v en to r 
a n d  e n g in e e r  G o rd o n  was th e  m ost specific  cla im , b u t h is in sta lla tio n s w ere 
n o t d iscussed  in th e  lo rd s ’ ru lin g .

1 h e  tw o p r io r  p a te n ts  th a t w ere  c o n s id e re d  m o st im p o r ta n t  by th e  lo rds 
w ere J a b lo c h k o ffs  (B ritish  P a ten t no . 1 ,996 o f  1887) a n d  E d w ard s  and  
N o rm a n d y ’s (B ritish  P a te n t no . 4,611 o f  1878). T h e  lo rd s  fo u n d , how ever, 
th a t J a b lo c h k o f fs  p a te n t d id  n o t specify  th a t his t ra n s fo rm e rs  w ou ld  low er, 
o r  s tep  d o w n , th e  e lec tro m o tiv e  fo rce  (voltage); h e  sim p ly  d id  n o t exc lude  
th a t possibility . E d w ard s a n d  N o rm a n d y ’s p a te n t g re a tly  im p ressed  L ord  
H ersche ll because  it d e sc rib ed  a t ra n s fo rm e r  th a t w ou ld  low er th e  tension

”  G rcal Britain, Reports of Patent, Design, and Trade Mark Cases, vol. 4. no. 7 (30 April 1887). 
pp. 189-91.

”  Ibid., vol. 7. no. 40 (5 November 1890). pp. 382-87 and 388.
,s Ibid.. p. 371.
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(vo ltage) a n d  ra ise  th e  q u an tity  (a m p erag e ) o f  e lectric ity . L o rd  H ersche ll 
reco g n ized , h ow ever, th a t E d w ard s  a n d  N o rm a n d y  c o n te m p la te d  u sing  no t 
a h ig h -ten s io n  circu it fo r  e x te n d e d  tran sm issio n  but a rela tively  low o n e  
fo r  d is trib u tio n  in a s ing le  b u ild in g  fro m  a so u rce  o f  en e rg y  in th a t bu ild in g . 
M o reo v er, th ese  in v en to rs  d id  n o t have access to  prac tica l incan d escen t 
lam ps.

T h is  rev iew  o f  th e  legal p rocess  serves as a r e m in d e r  th a t p a te n ts  a n d  
legal dec isions co n c e rn in g  th e m  a re  n o t th e  sam e as in v en tio n s a n d  in 
fo rm e d  ju d g m e n ts  a b o u t th em . T h e  lo rd s  took  an  am biv a len t position , fo r 
ex am p le , on  th e  novelty  o f  com b in a tio n s. As L o rd  H ersche ll said n o n e  too 
clearly ,

T he tru th  is that the Patentee was simply applying to a g reater distance and 
working through a greater length o f wire that which had been conceived by 
other people before him, and if he used an alternating curren t o f high tension, 
which they did not, it was simply that he applied to the purpose which he 
wanted to accomplish the ordinary well-known means o f producing that result, 
namely, using for long distances an alternating curren t o f high tension.5*

F u r th e rm o re ,  L o rd  H ersch e ll m in im ized  th e  sign ificance  o f  th e  use o f 
in can d escen t lam p s by G a u la rd  a n d  G ibbs a n d  n o t by o th e rs  by co m 
m e n tin g , “ It was on ly  ju s t  p rev iously  to  th e  tim e  o f  th e  A p p e lla n t’s a lleged  
in v en tio n  th a t th e se  in c a n d e sc e n t ligh ts h ad  com e in to  use, a n d  it was on ly  
ju s t  a b o u t th a t tim e  th e re fo re  th a t p eo p le  h ad  b een  c o n c e rn e d  to  find  a 
m ean s o f  c o m b in in g  th e  c a rry in g  o f  a c u r r e n t  to  a c o n s id e rab le  d is tance  
w hich co u ld  on ly  be d o n e  a t h ig h  tension , w ith a t th e  sam e tim e u tiliz ing  
it w h e re v e r  it was w an ted  a t low ten s io n ."37 B ecause L o rd  H ersch e ll’s p h i
lo sophy  o f  in v en tio n  ex c lu d ed  th e  d e fin itio n  o f  p ro b lem s a n d  th e  com bi
na tio n  o f  availab le  te ch n o lo g y  to  e ffec t th e ir  so lu tio n , o n e  w o n d e rs  w hat 
h e  d id  co n s id e r  to  be an  inv en tio n .

In  m ak in g  th e ir  dec ision , th e  lo rd s  d id  n o t w eigh heavily  th e  d e m o n 
s tra tio n s  o f  tran sm issio n  a n d  d is tr ib u tio n  m ad e  by G au la rd  a n d  G ibbs in 
1883 a n d  1884, d e m o n s tra tio n s  th a t w ere n o t m atch ed  in com plex ity , ex 
te n t,  a n d  success by any  o th e r  in v en to rs  o f  a lte rn a tin g -c u rre n t transm ission  
system s b e fo re  1885. T h e  first o f  G a u la rd  a n d  G ibbs’s pub lic  d e m o n s tra 
tions took  p lace a t th e  W estm in ste r A q u a riu m  ex h ib ition  in A pril 1883. In 
N o v em b er 1883 a system  was p laced  in to  o p e ra tio n  fo r th e  M etro p o litan  
Railway C o m p an y  usin g  g e n e ra to rs  a t th e  C hapel S tree t w orks a n d  a m ix 
o f  a rc  a n d  in can d escen t lam ps a t u n d e rg ro u n d  s ta tions at N o ttin g  Hill 
G ale , G ow er S tree t, K ing ’s C ross, A ldga te , a n d  E dgew are  R oad . T h e  system  
e x te n d e d  fo r  fifteen  m iles a n d  “seem s to  have w orked  well acco rd in g  to 
re p o r ts  in th e  techn ica l p re ss .’’38

L acking  m o n ey  to  p u rc h a se  new  e q u ip m e n t, G au la rd  a n d  Gibbs m oved 
eq u ip m e n t fro m  th e  M e tro p o litan  Railway C o m pany  to  T u r in ,  Italy, fo r 
an  in te rn a tio n a l exh ib itio n  a n d  co m p etitio n  fo r  the best system  o f  lo n g 
d is tan ce  electrical transm ission . W ith g re a t w ater-p o w er sites in th e  Alps, 
th e  Ita lians  w ere sensitive  to  th e  in ad eq u ac ies  o f  th e  Edison  a n d  o th e r

“  Ibid., p. 386.
17 Ibid.. p. 387.
5* Stranac. "Some Tests on a G aulard and Gibbs Transform er," p. 4/1.
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d ire c t-c u r re n t,  low -voltage system s in tra n sm ittin g  e n e rg y  fro m  site  to  u r 
ban  load  c en te rs . In  S e p te m b e r  1884 G a u la rd  a n d  G ibbs p laced  th e ir  tra n s 
fo rm e rs  o n  a fifty -m ile  c ircu it th a t lig h ted  th e  ex h ib itio n  b u ild in g s, the  
T u r in  railw ay s ta tio n , a n d  s ta tio n s  a l V en e ria  R eale  a n d  a t L anzo , a small 
v illage in th e  Savoy A lps. F o r th e  T u r in  in sta lla tio n , G a u la rd  a n d  G ibbs 
w ere  a w a rd e d  th e  g ra n d  p r ize  o f  10,000 fra n c s .39 P e rm a n e n t in stalla tions 
fo llow ed in  1885 a n d  1886 a t T o u r s ,  F ran ce ; R om e, Ita ly ; a n d  A schersle- 
ben , G e rm an y . G a u la rd  a n d  G ibbs’s best-k n o w n  in s ta lla tio n  was b eg u n  at 
G ro sv e n o r  G alle ry , L o n d o n , in M arch  1885.'’°

T h e  ad ju d ic a tin g  lo rd s  n o t o n ly  d id  n o t co n s id e r  successfu l d e m o n s tra 
tions a n d  in sta lla tio n s to  be e v id en ce  o f  an  Entw icklungsfahig  (“d e v e lo p m en t- 
feasib le”) in v en tio n  b u t they  failed  to  p o n d e r  th e  p a r tic u la r  p ro b le m s th a t 
G a u la rd  a n d  G ibbs a t te m p te d  to  solve w ith th e ir  syslem . A m o n g  th e  con 
d itio n s  G a u la rd  a n d  G ibbs took  in to  a cco u n t, a n d  th e  lo rd s  ig n o re d , were 
th e  E lectric  L ig h tin g  A ct o f  1882 a n d  th e  va ried  c h a rac te ris tic s  o f  ex isting  
lam ps. T h e y  in te n d e d  lo  use  th e  p u b lic  s tre e ts  fo r  tran sm iss io n  a n d  d is
tr ib u tio n  fro m  c e n tra l sta tio n s, a n d  th e re fo re  th ey  c o rrec tly  an tic ip a ted  
th a t th e ir  system  w ou ld  h av e  to  c o n fo rm  to  th e  p ro v is io n s o f  th e  1882 
leg is la tion . N o n e  o f  th e  in v e n to rs  w hose p a te n ts  w ere  c ited  as an tic ip a tin g  
G a u la rd  a n d  G ibbs’s h a d  so lved  th a t p a r tic u la r  co n te x tu a l p ro b lem .

T h e  litiga tion  was ex ten siv e , th e  c o n tro v e rsy  in  tech n ica l jo u rn a ls  h ea ted , 
a n d  th e  n eg a tiv e  c o u rt  dec isions w e re  like tria l v e rd ic ts  fo r  G a u la rd  and  
Gibbs. B ro k en  by th ese  e x p e rien ces , G a u la rd  d ie d  in sa n e  o n  26  N ovem ber 
1888 a t th e  S a in te -A n n e  H o sp ita l in Paris. By th e n  o th e r  in v e n to rs  and  
e n g in e e rs , w ho  ack n o w led g ed  th e  p r io r ity  o f  G a u la rd  a n d  G ibbs’s d em 
o n s tra tio n s  b u t stre ssed  th e ir  ow n im p ro v e m e n ts , w e re  ra p id ly  in tro d u c in g  
th e  tra n s fo rm e r  system . T h e  e d ito r  o f  th e  B ritish  jo u r n a l  Telegraphic Journal 
and Electrical Review  w ro te  th a t th e  ca re s  a n d  d isa p p o in tm e n ts  o f  th e  long 
a n d  b itte rly  c o n te s ted  p a te n t litiga tion  h a d  a g g ra v a te d  “a n te r io r  te n d e n 
cies” a n d  h a s te n e d  G a u la rd ’s Final b re a k d o w n .41 S evera l m o n th s  b e fo re  his 
un tim e ly  d e a th , G au la rd  h ad  a p p e a re d  a t th e  Elysee a sk in g  th e  concierge 
to  co n d u c t h im  to  th e  p re s id e n t o f  F ran ce , fo r  w h o m , h e  sa id , h e  h ad  an 
u rg e n t m essage. T h e  m essage was, “ I am  G o d  a n d  G od  d o es  n o t w ait.”42 
O n e  F ren ch  h is to r ian  o f  tech n o lo g y  d esc rib e s  G a u la rd  as a su f fe r in g  in
v e n to r  w hose in g en u ity  cost h im  n o t on ly  his m o n ey  b u t re a so n  a n d  life as 
w ell.43

G a u la rd ’s la te  was trag ic . H is e x p e r ie n c e  also su g g es ts  th a t it is fu tile  for 
an  in v e n to r , a h is to rian  o f  in v en tio n , o r  ev en  th e  co u rts  to  a tte m p t to  prove 
w ho in v en ted  a m ach in e , dev ice, o r  p rocess  su ch  as th e  s team  e n g in e , the 
te le p h o n e , o r  th e  tra n s fo rm e r .  Jam es W all, fo r  in stan ce , d id  n o t inven t the

,0 Tele.graphic Journal and Electrical Review l.r> (188-1): 363-64. For descriptions of installa
tions, s e e j. A. Fleming, The Alternating Current Transformer in Theory and Practice. 2 vols. (New 
York: Van N ostrand. 1892), 2: 75-77; and Engineering 38 (1884): 529-30.

•"•Strange. ■Transform er Patent Litigation," p. 8/2.
Telegraphic Journal and Electrical Review. 23 (1888): 620.

**Electrical Engineer (London) I (1888): 147.
”  Pierre Rousseau. L'Histoire des techniques el des inventiones (Paris: Fayard, J958). p. 477. 

Rousseau describes Gaulard as "ruin* abandonne. malade et sans Tamille. ii lut i t r e  endem i* 
a hospice dc alienćs. et r  esl de jusiesse quc I on sauva ses restes de la fosse com m une" (ibid.).
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steam  e n g in e ; he  in v en ted  a sep a ra te ly  co n d e n s in g  s team  e n g in e . A lex
a n d e r  G ra h a m  Bell d id  n o t in v en t th e  te lep h o n e ; he  p u t to g e th e r  a te le 
p h o n e  system  th a t em b o d ied  a p a r tic u la r  app lica tio n  o f  th e  p rin c ip le s  o f 
variab le  res is tan ce  a n d  in d u c tio n . A nd  E dison  d id  n o t in v en t th e  in c a n 
d e sc e n t lam p ; his ach iev em en t was an  in can d escen t lam p  w ith a h igh- 
resis tan ce  filam en t. S im ilarly , L ucien  G a u la rd  d id  n o t in v en t th e  t ra n s 
fo rm e r; he  b u ilt a tran sm issio n  a n d  d is tr ib u tio n  system  th a t in c o rp o ra te d  
tra n s fo rm e rs  w ith p r im a rie s  co n n e c te d  in series in a h igh -vo ltage , a lte r 
n a tin g -c u r re n t c ircu it, a n d  seco n d a rie s  capab le  o f  su p p ly in g  v arious co m 
b in a tio n s  o f  re la tively  low voltage a n d  h ig h  c u r re n t  to  in can d escen t a n d  
a rc  lam ps. E ven such  qua lific a tio n s sim plify  th e  n a tu re  o f  th ese  in v en tions, 
how ever. In  fact, th e  in v en tio n s  w ere p a r tic u la r  so lu tions to  p a r tic u la r  
critical p ro b lem s d e f in e d  w ith in  th e  co n tex t o f  place, tim e , a n d  o th e r  c ir 
cu m stan ces. T h e  in v e n to rs  im p ro v ed  on  th e ir  ea rly  inv en tio n s, a n d  o th e r  
in v en to rs  also a d a p ie d  a n d  m o d ified  th em  to su it o th e r  p laces, tim es, an d  
c ircum stances.

G au la rd  a n d  G ibbs m e rit  a p ro m in e n t place in  h is to ry  because  they  in 
v e n ted , d ev e lo p e d , a n d  d e m o n s tra te d  a system  th a t was, to  use th e  a p t 
G e rm a n  ex p re ss io n , Entwicklungsfahig. O n ce  d e m o n s tra te d , th e ir  in v en tio n  
s tim u la ted  a s tre a m  o f  im p ro v em en ts . T h e ir  system  was a com b in a tio n  o f 
know n  p rin c ip le s  a n d  devices, b u t it was a u n iq u e  c o m b in a tio n  th a t fu n c 
tio n ed  to  solve a p ro b le m  a n d  c o rre c t a rev e rse  sa lien t. N everthe less , w hen  
th is Entwicklungsfahig  in v en tio n  was in tro d u c e d , its p o ten tia l was quickly 
sen sed ; in v e n to rs  a n d  e n g in e e rs  w ere  aw are  o f  th e  flaw in th e  d.c. system  
an d  eag erly  set a b o u t so lv ing  th e  p ro b lem . T h u s  it p ro v ed  to  be difficu lt 
to  give G au la rd  a n d  G ibbs c re d it  fo r  th e ir  c o n tr ib u tio n  in a c o u rt o f  law.

As n o te d , th re e  in v e n to r-e n g in e e rs  associated  w ith G anz 8c C o m pany , 
th e  p ro m in e n t H u n g a r ia n  e lectrical m a n u fa c tu r in g  firm , substan tia lly  im 
p ro v ed  th e  d es ig n  o f  th e  G au la rd  a n d  G ibbs t ra n s fo rm e r. A cco rd in g  to 
G a u la rd , th e  H u n g a r ia n  e n g in e e r  O tto  T itu s  B lathy  (1 8 6 0 -1 9 3 9 ) a p 
p ro a c h e d  h im  ab o u t his t ra n s fo rm e r  system  a t th e  T u r in  ex h ib ition . B lathy 
is sa id  to  have  a p p e a le d  to  h im  n o t to  license th e  system  in A ustria  un til 
B lathy  co u ld  co n v ince  his firm , G anz 8c C o m p an y  o f  B u d ap est, o f  its value.'1-1 
B lalhy  a c k n o w led g ed  th a t h e  a n d  a n o th e r  G anz e n g in e e r , C h a rle s  Z iper- 
now ski (1 8 5 3 -1 9 4 2 ) , d id  see G a u la rd  at T u r in ,  b u t th a t all they  lea rn ed  
fro m  him  was how  a tra n s fo rm e r  sh o u ld  n o t be c o n s tru c te d .45 G anz  & 
C o m p an y  e n g in e e rs  th e n  b o u g h t a G au la rd  a n d  G ibbs tra n s fo rm e r  a n d  in 
th e  w in te r o f  1884/85 m ad e  tw o m a jo r im p ro v em en ts  in it. B lathy d ec ided  
th a t a closed  co re  co u ld  be u sed  to  p ro v id e  a m o re  effective m agnetic  field 
th a n  th e  o p e n  co re . M ax D eri (1 8 5 4 -1 9 3 8 ), also o f  G anz 8c C o m pany , a n d  
Z ipernow sk i reco g n ized  ineffective vo ltage re g u la tio n  in th e  seco n d a ry  c ir
cu its as a rev e rse  sa lien t in th e  G au la rd  a n d  G ibbs system  a n d  conn ec ted  
th e  p r im a rie s  in p ara lle l. By May 1885 D eri, B lathy , a n d  Z ipernow ski had  
d e v e lo p ed  th e ir  system  a n d  d e m o n s tra te d  it a t th e  H u n g a ria n  N ationa l 
E xh ib ition  in B u d ap est. T h e ir  tra n s fo rm e r  is co n sid e red  by som e to  have

Lcllcr from Gaulard lo the journal. Telegraphic Journal and Electrical Uevirw 17 (1R85):

■“ Lciier from Dlitlliy to llie journal, ibid.. pp. 465-66.
508.
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Figure IV .7. The Den. Blathy, and 
Zipernowski transformer, 1885. From 
Fleming. T he  A lternating C urren t 

Transform er, 2: 87.

b een  “th e  first c o m m erc ia l, p rac tica l t ra n s fo rm e r ." '" 5 F lem in g  d esc rib e s  it 
as a m a jo r  im p ro v e m e n t u p o n  th a t  o f  G a u la rd  a n d  G ibbs.47 (See Fig. I V.7.)

T h e  in v en tio n  a n d  d e v e lo p m e n t o f  th e  c lo sed -co re , p a ra lle l-co n n ec ted  
tra n s fo rm e r  by B ld lhy , D eri, a n d  Z ip e rn o w sk i was n o t fo r tu ito u s — they  a n d  
G an z  8c C o m p a n y  h a d  bu ilt u p  a m o m e n tu m  in th e  a l te rn a t in g -c u r re n t  
field  th a t c a r r ie d  th e m  in to  t r a n s fo rm e r  d e v e lo p m e n t g en e ra lly , a n d  p a r 
alle l co n n e c tio n s  specifically . In  1878 G a n z  8c C o m p a n y  a ss ig n ed  p a r t  o f 
its e x ten s iv e  e n g in e e r in g  w orks to  th e  m a n u fa c tu re  o f  e lec tric  ligh tin g  
a p p a ra tu s  in  A u s tr ia -H u n g a ry  a n d  by 1883 h a d  m a d e  o v e r  fifty  in sta lla 
tions. I t o f fe re d  a n  e n t i r e  system  c o n s is tin g  o f  b o th  a rc  a n d  in can d escen t 
lam p s, g e n e ra to rs ,  a n d  o th e r  a c c e sso rie s .T h e  fact th a t it a d o p te d  a lte rn a t
ing  c u r r e n t  exclusively  w as n o ta b le  in  th e  e r a  o f  th e  E d iso n  d ire c t-c u r re n t 
sy stem .48 T w o  o f  th e  e n g in e e rs  w h o  w o rk e d  o n  t r a n s fo rm e r  d e s ig n  had  
p r io r  e x p e r ie n c e  w ith  a lte rn a t in g  c u r r e n t .  Z ip e rn o w sk i, f o u n d e r  o f  the  
e lec trica l d iv is ion  a t th e  G an z  fa c to ry , d e s ig n e d  th e  c o m p a n y ’s p a te n te d  
a l te rn a t in g -c u r re n t  system . B ld thy , te ch n ica l d ir e c to r  o f  th e  e lec trica l d i
v ision  a f te r  1883, also  h e ld  m an y  a.c. p a te n ts . A lth o u g h  D eri w as m ost 
ac tive  in th e  sales d iv is ion , h e  too , c o n tr ib u te d  to  th e  tech n ica l d e v e lo p m e n t 
o f  th e  t ra n s fo rm e r .

In  d e s ig n in g  v a rio u s a l te rn a t in g -c u r r e n t  in s ta lla tio n s , G a n z  en g in e e rs  
u sed  p a ra lle l c ircu its  a n d  c o n s tan t-v o ltag e  g e n e ra to r s .49 T h is  ex p e rie n c e  
u n d o u b te d ly  in flu e n c e d  Z ip e rn o w sk i, D eri, a n d  B la th y  to  try  w o rk in g  th e  
tr a n s fo rm e r  in  pa ra lle l, fo r  su ch  a n  a r r a n g e m e n t  ca lled  fo r  a con stan t-  
v o ltage  g e n e ra to r .  S ince t ra n s fo rm e rs  w ith  p r im a r ie s  w ired  in  p a ra lle l and  
su p p lie d  f ro m  a c o n s tan t-v o ltag e  g e n e ra to r  w e re  s e lf-re g u la tin g , G an z  e n 
g in e e rs  co u ld  d isp e n se  w ith  th e  c o m p le x  r e g u la to r  G a u la rd  a n d  G ibbs had  
p laced  in th e  s e c o n d a ry  c ircu it.

T o  u n d e r s ta n d  w hy G an z  8c C o m p a n y  su c c e e d e d  w h e re  G a u la rd  and  
G ibbs fa iled  it is im p o r ta n t to  n o te  th a t G an z  8c C o m p a n y  h a d  custom arily  
d e s ig n e d  a n d  m a n u fa c tu re d  an  e n t i re  system . B ecau se  o f  th is, it was not 
in c lin ed  to  d e v e lo p  a co m p lica ted  t r a n s fo rm e r  th a t p e rm it te d  a d a p ta tio n  
to  o th e r  in v e n to rs ’ a n d  m a n u fa c tu re r s ’ c o m p o n e n ts . T h u s ,  Z ipernow sk i 
a n d  h is co lleag u es d id  n o t re so r t  to  su ch  in g e n io u s  e x p e d ie n ts  as th e  op en , 
rem o v ab le  c o re  a n d  sets o f  b o b b in s  w ith  c o n n e c tio n  p e rm u ta tio n s . T h e  
G an z  a p p ro a c h  was m o re  an a lo g o u s  to  th e  system s a p p ro a c h  o f  E dison. 
B u t a n o th e r  m a jo r  e x p la n a tio n  fo r  th e  in g e n io u s  a n d  c o m p lica ted  G au la rd  
a n d  G ibbs d es ig n  a n d  th e  in g e n io u s  a n d  re la tive ly  s im p le  G a n z  & C o m p an y  
d es ig n  is th a t th e  E lectric  L ig h tin g  A ct o f  1882 d id  n o t a p p ly  in th e  A ustro- 
H u n g a r ia n  E m p ire . I t sh o u ld  also  be  n o te d  th a t  by 1885, in  th e  U nited  
K in g d o m  a n d  e lsew h ere  in th e  in d u s tr ia l  W est, la m p  v o ltag es  w ere  being  
s ta n d a rd iz e d , a n d  it was n o  lo n g e r  likely th a t  a fix ed  v o ltag e  fro m  the 
s u p p lie r  w ou ld  d ic ta te  th e  capac ity  o f  a p a r tic u la r  m a n u fa c tu re r ’s lam ps. 

T h e  G an z  8c C o m p a n y  system  w as w idely a d o p te d .  By 1890 n ea rly  seventy

■"* Malacsy and von Fuchs. "T ransform er Invented Seventy-five Years Ago," p. 121.

' THt Al,,l nm!in« Cu,r'" '  Transformer. p. 86. A balanced view attributed to Caulard 
and Gibbs the  introduction o f  a transform er system that could be developed in a practical 
fonr>{Detnebsf6h,g) and to the H ungarians the actual in troduction o f  that form . L. Schuler 
Geschtclile des Transformatori, quoted in Dellmar. Starkslromlechnik p  84 

“ Engineering, 35 (1883): 80-81 and 550.
,g Ibid.. pp. 550-51.
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c en tra l s ta tions o f  vario u s sizes h ad  been  p laced  in o p e ra tio n  using  th e  
com pany’s a lte rn a tin g -cu rren t genera to rs, transfo rm ers , an d  controls. T h ese  
sta tio n s su p p lie d  100 ,000  incan d escen t lam ps a n d  1,000 a rc  la m p s . '0 B oth  
C an z  & C o m p an y  a n d  G a u la rd  a n d  G ibbs d isp lay ed  th e ir  system s at th e  
In v e n tio n s  E xh ib ition  in th e  s p r in g  o f  1885 at S o u th  K en sin g to n  in L o n d o n . 
T h e  d isp lays d rew  th e  a tte n tio n  o f  m any  elec tric ians a n d  en g in e e rs  (am ong  
th e m , th e  A m erican  G eo rg e  W estin g h o u sc) to  a lte rn a tin g -c u r re n t d is tr i
b u tio n .

O th e rs  soon  jo in e d  th e  G anz  & C o m p an y  en g in e e rs  in th e  ran k s  o f  th e  
im p ro v e rs  o f  G a u la rd  a n d  G ibbs's system . In  L o n d o n  a tra in  o f  e ven ts  was 
set in to  m o tio n  th a t re su lte d  in a m o d ifica tion  to  th e  system  G au la rd  a n d  
G ibbs in sta lled  in L o n d o n ’s G ro sv e n o r  G allery . T h e  o w n ers  o f  th e  gallery  
h a d  s id e -s te p p e d  th e  re s tric tio n s  o f  th e  E lectric L ig h tin g  A ct o f  1882 by 
s tr in g in g  th e ir  w ires a lo n g  ro o fto p s , th e re b y  av o id in g  th e  o p e n in g  o f  th e  
s tree ts . T h e y  th e n  w an ted  an  econom ical m ean s o f  tra n sm ittin g  across th e  
ro o fto p s.

T h e  G ro sv e n o r  ce n tra l  s ta tio n  h ad  u n o r th o d o x  o rig in s . W h en  th e  tw enty- 
six th  e a rl o f  C ra w fo rd , J a m e s  L udovic  L indsay , se rved  as B ritish  co m m is
s io n e r  a t th e  P aris  E lectrical E x h ib itio n  o f  1882, h e  fo u n d  th e  d isp lays o f 
th e  new  in c a n d e sc e n t lig h t— especially  th a t o f  T h o m a s  A. E d ison— im 
pressive. H e  th e n  p e rs u a d e d  his uncle , S ir C o u tts  L indsay , p ro p r ie to r  o f  
th e  G ro sv e n o r  A rt G alle ry  o n  N ew  B o n d  S tree t, to  insta ll a p o rta b le  g e n 
e ra to r ,  th e  b e tte r  to  lig h t th e  w orks o f  B u rn e -Jo n es , W histle r, a n d  o th e r  
c o n te m p o ra ry  artis ts . E lectric  lig h t w ould  n o t sm oke  th e  p a in tin g s  as d id  
gas a n d  b u rn in g  oils a n d  w axes.

N ew  a r t  a n d  tech n o lo g y  soon  c o n v e rg ed . S ir C o u tts  L indsay  a n d  C o m 
p an y  was fo u n d e d  to  su p p ly  lig h tin g  n o t on ly  to  th e  ga lle ry  b u t to  n e ig h 
b o rin g  businesses  w hose cu s to m ers  w ere  im p ressed  by th e  ligh tin g  o f  the  
a r t  g a lle ry  a n d  its “g re e n e ry  y a lle ry” w orks o f  a r t .5' T o  m ee t th e  g row ing  
d e m a n d , th e  co m p an y  tu rn e d  to  G a u la rd  a n d  Gibbs, w ho in stalled  th e ir  
tra n s fo rm e rs  in se rie s  in a 2 ,500-volt c ircu it w ith S iem ens s ing le -phase  
a lte rn a to rs . As th e  load  in c rea sed , h ow ever, th e  system  p ro v ed  v irtually  
u n w o rk a b le .52

T h u s ,  in 1886 S ir C o u tts  L indsay  a n d  C o m p an y  called in th e  y o u n g  an d  
b r ig h t e n g in e e r  S ebastian  Z iani d e  F e rra n ti (1864—1930), th e  m a n u fa c tu re r  
o f  m e te rs  u sed  by th e  co m p an y . B o rn  in L iverpool to  an  I ta lian  fa th e r  w ho 
h ad  o nce  b een  g u ita r is t to  L eopo ld  1 o f  B elg ium  a n d  a m o th e r  w ho was 
th e  d a u g h te r  o f  a p o r tra it  p a in te r , F e rra n ti was a s trik in g  p e rso n  both  
physically  a n d  in te llec tua lly .53 C o m p a re d  in his y o u th  to  E dison , he su b 
seq u en tly  h ad  a lo n g  a n d  active c a re e r  as a n  inv en to r, en g in e e r , a n d  lead in g  
B ritish  e lectrical m a n u fa c tu re r . H e  h ad  n o  ad v an ced  scien tific  o r  en g i
n e e r in g  tra in in g  b e fo re  b eg in n in g  w ork  in 1881 fo r S iem ens B ro th e rs , the

*° Fleming, The Alternating Current Transformer, p. 121.
“  A. P. T ro tter, "Early Days o f the Electrical Industry and O ther Reminiscences” (typescript 

at the library o f the Institution of Electrical Engineers. London), p. 586.
“* Parsons, Early Days of the Power Station Industry, p. 22.
“  On Ferranti's life see W. L. Randcll, 5. Z. de Ferrantt and His Influence upon Electrical 

Development (London: Longmans, Green, 1948): A rthur Ridding, S. Z. de Ferranti, Pioneer of 
Electrical Power (London: Science Museum. 1964); and G ertrude Ziani de Ferranti and Richard 
Ince. The Life and Letters of Sebastian Z. de Ferranti (London: Williams Sc Norgate, 1934).
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B rilish  b ra n c h  o f  th e  G e rm a n  e n te rp r is e ,  b u t a t th e  S iem ens w orks at 
C h a rlto n , n e a r  W oolw ich, his e n th u s ia sm  fo r  th e  new  fie ld  o f  e lectrical 
en g in e e r in g  grew  w h en  h e  fo u n d  h im se lf  s u r ro u n d e d  by d y n am o s, arc 
ligh ts, a n d  o th e r  a p p a ra tu s .  H e  so o n  im p re sse d  h is associates w ith h is m e
chan ica l gen ius .

N o tin g  his g e n iu s  a n d  s tr ik in g  p e rso n a lity , F e r ra n t i ’s law yer adv ised  him  
in 1883 to  estab lish  h im se lf  as a p riv a te  m a n u fa c tu re r  o f  his a lte rn a to rs  
a n d  o th e r  e q u ip m e n t. F e r ra n ti  r e s p o n d e d  by m a rry in g  th e  law yer’s d a u g h 
t e r  a n d  g a in in g  his fa th e r-in -law  as h is f inanc ia l back e r. As a b r ig h t young 
e n g in e e r  a n d  th e  re sp e c te d  in v e n to r  o f  an  a lte rn a to r ,  F e rra n ti  th u s  drew  
th e  a tte n tio n  o f  S ir C o u tls  L indsay  w h en  n u m e ro u s  techn ica l difficu lties 
a ro se  a t th e  G ro sv e n o r  G alle ry  s ta tio n .

A p p o in te d  c h ie f  e n g in e e r  of S ir C o u lls  L indsay  a n d  C o m p a n y  in 1886, 
F e rra n ti  fo llow ed th e  p re c e d e n t o f  G an z  8c C o m p a n y  a n d  c h a n g e d  o v e r to 
th e  p a ra lle l co n n e c tio n  o f  th e  G a u la rd  a n d  G ibbs tr a n s fo rm e r  p rim aries . 
In  1886, o n  b e h a lf  o f  h is new  em p lo y e r , h e  also  p e tit io n e d  fo r  revocation  
o f  th e  G a u la rd  a n d  G ibbs p a te n ts . G a u la rd  a n d  G ibbs h a d  c h a rg e d  fees 
fo r  th e  u se  o f  th e ir  p a te n te d  tr a n s fo rm e r  a n d  in tu rn  th re a te n e d  F erran ti 
a n d  S ir C o u tts  L indsay  a n d  C o m p a n y  w ith  in f r in g e m e n t p ro c e e d in g s  for 
th e  re d e s ig n e d  tra n s fo rm e r .  F e r ra n ti  a lso  p ru d e n t ly  re p la c e d  th e  S iem ens 
a lte rn a to rs  w ith m ach in es  o f  his ow n d es ig n . In  sh o rt ,  h e  re d e s ig n e d  the 
s ta tio n 's  c o m p o n e n ts  system atically  (see Fig. IV .8). T h e  G ro sv e n o r  G allery 
s ta tio n  th e n  e x p a n d e d  im pressively  un til in  1888 th e re  w ere  five m achines, 
five c ircu its , a n d  34 ,000  lam ps lig h tin g  a la rg e  d is tr ic t o f  L o n d o n . Its peak 
load  in 1888 was 60 0  kw.54 G ro sv e n o r  G alle ry  was ca lled  th e  on ly  cen tra l 
s ta tio n  in E n g lan d  w o rth y  o f  th e  n a m e  a n d  th e  “o n e  e v e r  g re e n  oasis 
s ta n d in g  bold ly  o u t in th e  m id st o f  a d ism al w aste .”55 (See Fig. IV .9 .)

In  th e  U n ited  S tates, still a n o th e r  in v e n to r  a n d  a n o th e r  co m p an y  im 
p ro v ed  on  th e  G au la rd  a n d  G ibbs system  a t a b o u t th e  sam e tim e as the 
D eri, B lathy , a n d  Z ipernow sk i m o d ifica tio n s w ere  b e in g  d e v e lo p e d  in H u n 
g ary  a n d  th e  F e rra n ti  system  was b e in g  bu ilt in E n g lan d . T h e  A m erican , 
W illiam  S tan ley  (1 8 5 8 -1 9 1 6 ) , th e  H u n g a r ia n s , a n d  F e r ra n ti  all knew  abou t 
th e  w ork  o f  G a u la rd  a n d  G ibbs; in d e e d , th ey  h a d  h a d  in tim a te  con tac t with 
it, d e sp ite  th e ir  in sis tence  th a t th ey  h a d  le a rn e d  little  fro m  it. P a ten t tactics 
su g g ested  th a t they  m ak e  th is d isc la im er. D eri, B lathy , a n d  Z ipernow ski 
w ent so fa r  as to  say th a t th ey  le a rn e d  only  how  n o t lo  b u ild  a tra n s fo rm e r; 
F e rra n ti c la im ed  th a t th e  G a u la rd  a n d  G ibbs in v e n tio n  was n o t pa ten tab le ; 
a n d  W illiam  S tan ley  o b se rv ed  years  la te r  th a t a lth o u g h  th e  w ork  o f  G au lard  
was re m a rk a b le  in sh o w in g  a co m p re h e n s iv e  k n o w led g e  o f  th e  laws o f  the 
in d u c tio n  coil a n d  reac tive  e lfec ts , “it was hope lessly  ill-fitted  to  th e  con 
d itio n s  im p o sed  by a g e n e ra l lig h tin g  sy stem .”5'1 As n o te d  ea r lie r ,  BMthy

M Clipping from Engineering, 2 August 1912; and London Electric Supply Corp.. Lid.. 
Annual Itefiort, 1888.

“ See Electrical Engineer ( I^ ndon ) I (I88H): 348; quotation from ibid. 2 (1888): 386.
“ T hom as C  Martin's unpublished manuscript "b iography o f William Stanley” was kindly 

loaned to me by Mr. Samuel Sass. librarian of the William Stanley L ibrary. G eneral Electric 
Co.. Pitislicld. Mass. (hereafter cited as Martin. "Stanley Biography"), lab o ra to ry  and personal 
notebooks spanning Stanley's career as a professional inventor (c. 1882-1910). as well as 
company records and personal materials, arc p an  o r the William Stanley Papers on file at 
the William Stanley Library. Karen Belmore o r the University of Pennsylvania is currently 
writing a biography of William Stanley the inventor
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Figure IV.8. Ferranti's 1885 notebook 
sketches fo r  transformers installed at the 

Grasvenor Gallery central station, London. 
Courtesy o f the Ferranti Ltd. Archives, 

Hollinwood, England.

Figure IV. 9. Overhead distribution system 
(1887) from the Grosvenor Gallery central 

station.
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Figure IV .10. William Stanley. From 
Creating the Electrical Age, ed. Nilo 

Lindgren. a special issue of EPR1 
Jou rnal 4 (1979): 37.

d iscussed  llie  G a u la rd  a n d  G ibbs system  with G a u la rd  a t th e  T u r in  ex h i
b ition , a n d  F e r ra n ti  w o rk e d  w ith  th e  system  at G ro sv e n o r  G allery . S tan ley , 
too , h a d  a G a u la rd  a n d  G ibbs tr a n s fo rm e r  a t his d isp o sa l as h e  d ev e lo p ed  
his ow n d es ig n . T h e  in fo rm a tio n  in G a u la rd  a n d  G ibbs’s p a te n ts  a n d  in 
th e  te chn ica l p e rio d ica ls  was ava ilab le  to  all.

T h e  G a u la rd  a n d  G ibbs dev ice  cam e  in to  S tan ley ’s h a n d s  th ro u g h  G eo rg e  
W esiin g h o u se , w ho  by 1884 o w n ed  tw o p ro s p e ro u s  m a n u fa c tu r in g  firm s, 
th e  W esiin g h o u se  A ir B rak e  C o m p a n y  a n d  th e  U n io n  Sw itch  8c S ignal 
C o m p a n y  (m a n u fa c tu re r  o f  ra ilw ay  e q u ip m e n t) . W es lin g h o u se ’s c e n te r  of 
o p e ra tio n s  was s te e l-p ro d u c in g  P ittsb u rg h . H is b ro th e r ,  H . H . W estin g 
h o u se , w ho m a d e  s team  e n g in e s  to  d r iv e  e lec tric  g e n e ra to rs ,  in tro d u c e d  
W illiam  S tan ley  to  G e o rg e , w ho, a f te r  d e c id in g  to  e n te r  th e  fie ld , co n tra c te d  
w ith S tan ley  to  d e v o te  his tim e  to  f u r th e r  d e v e lo p m e n t o f  a n  e lec tric  ligh ting  
system . W e stin g h o u se  a lso p u rc h a se d  th e  in c a n d e sc e n t- la m p  a n d  g e n e ra to r  
p a te n ts  th a t S tan ley  h a d  a ssig n ed  e a r lie r  to  th e  Sw an In c a n d e sc e n t E lectric 
L igh t C o m p a n y  o f  B oston , M assachuse tts . S ev e ra l o f  th e  U n io n  Sw itch & 
S ignal C o m p a n y  e n g in e e rs  w e re  a ssig n ed  to  e lec tric  l ig h tin g  d ev e lo p m en t 
as w ell.57

S tan ley , a n a tive  o f  B ro o k ly n , N ew  Y ork , w as th e  son  o f  a p ro m in e n t 
law yer. T h e  fam ily  la te r  m oved  to  E n g lew o o d , N ew  Je rse y , w h e re  Stanley 
g rew  u p . E n c o u ra g e d  by his fa th e r  to  s tu d y  law , S tan ley  e n te r e d  Yale 
U n iv ersity , b u t left a f te r  severa l m o n th s . In  a n o te  to  h is f a th e r  h e  ex 
p la in e d , “ H av e  [h ad ] e n o u g h  o f  th is— am  g o in g  to  N ew  Y o rk .”58 Being 
in c lin ed  to w a rd  m ech an ica l a n d  sc ien tific  activ ities, S tan ley  firs t fo u n d  e m 
p lo y m e n t w ith a N ew  Y ork  m a n u fa c tu re r  o f  te le g ra p h ic  a p p a ra tu s .  His 
fa th e r  so o n  b ecam e  re s ig n e d  to  his p re d ile c tio n s , h o w ev e r, a n d  fu n d e d  his 
e n te r in g  a p a r tn e r s h ip  in th e  e le c tro p la tin g  b u sin ess . A b o u t 1881 Stanley 
a b a n d o n e d  e le c tro p la tin g  to  jo in  th e  w ell-know n  in v e n to r  o f  th e  m achine 
g u n , H ira m  M axim  (1 8 4 0 -1 9 1 6 ) , w ho  at th e  tim e  was e n g a g e d  in the 
in v e n tio n , d e v e lo p m e n t, a n d  m a n u fa c tu re  o f  e lec tric  a rc  a n d  in can d escen t 
lam ps fo r th e  U.S. E lectric  L ig h tin g  C o m p a n y  in N ew  Y ork  C ity. T his 
c o m p a n y  was E d iso n ’s m a jo r  c o m p e tito r  fo r  th e  in c a n d e sc e n t lig h tin g  m a r
ket u n til 1885, b u t it h a d  on ly  ab o u t o n e -f if th  as m an y  cu s to m e rs  as the 
E dison  e n te rp r is e .  O n e  o f  th e  U.S. E lectric  L ig h tin g  C o m p a n y ’s prob lem s 
was its fa ilu re  to  d e v e lo p  a c o h e re n t system . M axim  c o n c e n tra te d  on  the 
incandescen t lam p , leaving th e  deve lo p m en t o f  th e  d.c. g e n e ra to r  to  o thers .59 
A fte r  M axim  le ft th e  c o m p a n y  a n d  r e tu rn e d  to  E u ro p e  in 1881 o r  1882, 
E d w ard  W eston  (1 8 5 0 -1 9 3 6 )  b ecam e  c h ie f  e n g in e e r  fo r  th e  co m p an y , and  
S tan ley  w o rk ed  fo r a few m o n th s  u n d e r  a n o th e r  o f  th e  p io n e e r  in ven to rs  
a n d  e n g in e e rs  o f  th e  in d u s try ,<>n In  1882 S tan ley  w en t to  w ork  fo r  a n o th e r  
m a n u fa c tu re r  o f  in ca n d e sc e n t lam ps, th e  Sw an E lectric  C o m p a n y  in  Bos
to n , a n d  severa l o l his in v en tio n s  w ere  p a te n te d  by th e  co m p an y . A fte r  a 
y ear, h o w ev er, he  re tu rn e d  to  E ng lew o o d , N ew  J e rse y , a n d  es tab lish ed  his

r Dol,Klav Willi(""  S“" ' b  ^  Short Biography (New York: II. S. Robinson. 1903). pp.
j9 . fi'l-Gti; and Passer, Electrical Manufacturers, p. 131. Sec also the biographical booklcl by 
Laurence A. Hawkms, Will,am Stanley. 1X38-1916  (New York: Newcomen Socie.y. 1951).

s" Douglas, Stanley, p. 33.
Passer. Electrical Manufacturers, p. 148.

McGraw°iliM"iMr'i"7 ,  ̂̂ ° f Grf,‘,ne": A Short Biography of Edward Weston (New York:



F ig u r tIV .il . Entry from William 
Stanley's notebook, 18 September 1883, 
showing work with alternating-current 

generator (G) and translating devices (T) 
for transmitting induced currents to 

secondary circuits. Courtesy of J . Church 
and the Stanley Library, 

Pittsfield, Mass.
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■

ow n lab o ra to ry  to  e x p e r im e n t w ith e lec trochem istry , incan d escen t lam ps, 
a n d  s to ra g e  b a tte rie s  (see Fig. IV . 1 1). F rom  th e re , in 1884, he  was en ticed  
to  G eo rg e  W estin g h o u se ’s co m p an y . S tan ley ’s hav ing  w orked  with m ost of 
th e  le ad e rs  in th e  fie ld  b e fo re  he  was th irty  ind ica tes how  sm all a n d  in tim ate  
th e  p io n e e r  co m m u n ity  was.

S tan ley  d id  n o t lose his s ta tu s  as a p ro fessiona l in v en to r by associating  
w ith W estin g h o u se , b u t W eslin g h o u se ’s su p p o r t o f  his w ork was c o n tra c 
tual. T h e  a g re e m e n t th e  tw o m en  s ig n ed  on  5 M arch 1884 specified  th a t 
S tan ley  w ould  assign all fu tu re  inven tions fu n d e d  by W estinghouse  to  W esl
inghouse on  condition  tha t W eslinghouse would m anufac tu re  and  sell them . 
S tan ley  was to  receive o n e - te n th  o f  th e  p ro fits  a n d  an  an n u a l salary o f  
$5 ,000 . R esponsib ility  fo r th e  d e v e lo p m en t o f  W estin g h o u se’s e lectric  lig h t
ing  p ro jec t th u s  fell to  S tan ley . In  1885 he estab lished  a factory  fo r  m a n 
u fa c tu r in g  in can d escen t lam ps o f  his design , an d  he  d esig n ed  d ire c t-c u r
re n t g e n e ra to rs  to  fun c tio n  system atically  with his lam ps. H e  also took  o u t 
ten  p a te n ts  on  th e  in can d escen t-lam p  system , p lu s o ne  th a t was taken  o u t 
jo in tly .

In  th e  s u m m e r o f  1885 G eo rg e  W estinghouse o rd e re d  several G au la rd
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a n d  G ibbs t ra n s fo rm e rs  a n d  s e c u re d  an  o p tio n  o n  th e  A m erican  p a ten t 
rig h ts , w hich  he  la te r  ex e rc ised , b u t th e re  a re  con flic tin g  acco u n ts  as to 
w ho  at W es tin g h o u se  p ro m o te d  th e  tr a n s fo rm e r  system . R ely ing  o n  the  
rem in iscen ces a n d  c o r re s p o n d e n c e  o f  o n e  o f  W e slin g h o u se ’s em ployees 
a n d  p ro te g e s , G u id o  P a n ta le o n i, H a ro ld  P asser, th e  h is to r ia n  o f  A m erican  
electrical m an u fac tu re rs , conc ludes th a t G eo rg e  W eslinghouse a lone pushed  
th ro u g h  th e  p ro jec t: “O p p o s itio n  by A L L  th e  e lec tric  p a r t  o f  th e  W esting 
h o u se  o rg a n iz a tio n  was su ch  th a t it was on ly  M r. G e o rg e  W eslin g h o u se ’s 
p e rso n a l will th a t p u t it th ro u g h ." 61 A t W e s lin g h o u se ’s re q u e s t,  P an ta leon i 
h ad  se c u re d  th e  o p tio n  o n  th e  G a u la rd  a n d  G ibbs p a te n t rig h ts  a f te r  d is
cu ssin g  th e  system  with G a u la rd  a t T u r in ,  h a d  c o n su lte d  W e rn e r  S iem ens 
ab o u t it, a n d  h a d  also  so u g h t th e  adv ice o f  G an z  & C o m p an y .

S tan ley  h im se lf  m in im izes  th e  ro le  p lay ed  by G e o rg e  W eslin g h o u se  in 
p ro m o tin g  th e  system , m a in ta in in g  th a t W es lin g h o u se  was ad v ised  against 
th e  a lte rn a t in g -c u r re n t  system  by a " t ru s te d  e x p e r t .” A cco rd in g  to  S tanley, 
W e s lin g h o u se ’s co n tr ib u tio n  was to  m ak e  cap ita l ava ilab le  fo r  e x p e r im e n 
ta tio n . b u t h e  d id  so o n  te rm s  th a t w e re  n o t fav o rab le  to  S tan ley . O nly 
w h en  W estin g h o u se  saw S tan ley ’s system  in o p e ra tio n  d id  h e  d ec id e  to 
e n te r  th e  a.c. field  actively .02 A cco rd in g  to  T h o m a s  C o m m e rfo rd  M artin , 
b io g ra p h e r  o f  S tan ley  a n d  E d ison , S tan ley  h a d  th e  g re a te s t  d ifficu lty  b r in g 
in g  W estin g h o u se  to  a c lea r u n d e r s ta n d in g  o f  th e  tra n s fo rm e r  system .63 
F u r th e rm o re ,  M arlin  co n c lu d es , “F o r  so m e  re a so n , W es lin g h o u se , who 
seem s to  have  r e g a rd e d  S tan ley  as r a th e r  u n s ta b le  a n d  v isionary , full of 
ch im erica l p ro jec ts , a n d  w ho  was p ro b ab ly  g u id e d  by in s id e  in flu en ces  not 
too  fr ie n d ly  to w ard  th e  im p e tu o u s , se lf-c e n te re d  y o u n g  g en iu s , dec lined  
flatly  to  fu rn ish  S tan ley  w ith any  m o n ey  to  b u ild  a n d  try  o u t his new 
a lte rn a tin g  c u r r e n t  sy stem .”0‘l

T h e  " tru s te d  e x p e r t"  a n d  " in sid e  in f lu e n c e ” m e n tio n e d  by S tan ley  and  
M artin  was p ro b ab ly  P an la leo n i. A c co rd in g  to  H e n ry  M. B yllesby, a p ro m 
in e n t p io n e e r  in th e  d e v e lo p m e n t o f  e lec tric  ligh t a n d  p o w e r w ho  assisted 
E dison  in th e  d e s ig n  o f  th e  P earl S tre e t s ta tio n  a n d  w ho  jo in e d  W esting
h o u se  a t ab o u t th e  sam e tim e  as S tan ley , “ P an la leo n i h im se lf  w h en  I first 
jo in e d  th e  W estin g h o u se  in te re s ts  was s co rn fu lly  pessim istic  r e g a rd in g  S tan 
ley a n d  all his w ork , a n d  th e  possib ilities o f  a n y th in g  w o rth w h ile  resu ltin g  
fro m  th e  a lte rn a t in g  c u r re n t .  T h e y  w ere  w holly  a n tith e tic a l ch a ra c te rs , and  
th e  m o m e n t th ey  cam e  in con tac t tro u b le  a ro se , w hich  was d es tru c tiv e  o f 
any  resu lt. 03 In  su m , W estin g h o u se  p ro b ab ly  d id  p u sh  th e  d e v e lo p m en t 
o f  a tr a n s fo rm e r  system , b u t n o t S tan ley 's  a p p ro a c h  to  it.

W h en  B yllesby b ecam e g e n e ra l m a n a g e r  o f  th e  W eslin g h o u se  electrical 
e n te rp r is e , he tried  to  h e lp  his f r ie n d  S tan ley , w hom  h e  saw as a te m p e r 
a m en ta l in v e n to r  w ho d id  his best w ork  aw ay fro m  th e  ro u tin e  a n d  disci
p lin e  of in d u s try . H e  su p p o r te d  th e  dec is ion  o f  S tan ley  a n d  W estinghouse

■>(. lllllMaCCIlC(:S Ol V       ̂ ^ MfirinrII---- ... x.. . iniiuKum, I1M;#, |
and quoted in Passer, Electrical Manufacturers, p. |S2.

“ William Stanley. "Alternating C urren t Development in America" (Paper read belon 

..
”  2 ' ’  M ani"- Biogrnphy," c fe p . 7. p. 2

Ibid.. p. 5.
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to  se p a ra te — at least physically . O n  24 D ecem ber 1885 W csiiitghousc  an d  
S tan ley  s igned  a new  c o n trac t. A cco rd ing  to  its te rm s. S tan ley  w ould leave 
P ittsb u rg h  to  res id e  in G rea t H a rrin g to n , M assachusetts, in th e  lte i ksh ires 
he h ad  know n  d u r in g  vacations as a ch ild . F u r th e rm o re . W esiingho iise  
w ould  p u rc h a se  back fo r  $ 1 2 ,500 . $25 ,000  w orth  o f  secu rities  in a new 
W estin g h o u se  co m p an y  in w hich S tan ley  he ld  o n e -te n th  o f  th e  sh a re s , the  
to tal va lue  o f  w hich was $ 100 ,000 . T h e  re m a in in g  s h a re s  (valued  at $75 ,000) 
w ere to  he d e liv e red  fully p a id  to  S tan ley . S tan ley  was to  use th e  $12,50(1 
to  o p e ra te  a la b o ra to ry  at ( ’.rea l B a rr in g to n , l i e  w ould  receive a salary  ol 
$4 ,0 0 0  an n u a lly , o r  $ 1 ,0 0 0  less th an  he was th en  receiv ing . W esiinghousc  
also a g re e d  to  c o n tr ib u te  $ 2 0 0  a m o n th  tow ard  g en e ra l la b o ra to ry  expenses . 
In  r e tu rn ,  S tan ley  was to  su b m it his inv en tio n s to  th e  c o m p an y  fo r p a ten tin g  
a n d  accep tan ce . I f  they  w ere  not tak en  up , S tan ley  co tdd  d isp o se  o f  th em  
as he p lea sed .Wi

Stan ley 's m ove lo  his ow n la b o ra to ry  in G rea t B a rr in g to n , M assachusetts, 
m ir ro re d  T h o m a s  E d iso n ’s q uest for g r e a te r  au to n o m y . T h e  freed o m  to 
co n cep tu a lize  a system  m a d e  u p  o f  o n e ’s ow n in v en ted  co m p o n e n ts  won 
ou t o v e r  th e  re s tr ic tio n s  o f  fittin g  o n e 's  inv en tio n s in to  th e  co n cep tu a l 
fram ew o rk  o f  a n o th e r .  M o reo v er, this h a rm o n io u s  c o o rd in a tio n  o f  c o m 
p o n e n ts  e lim in a te d  rev e rse  salien ts. It is in te re s tin g  to  no te  tha t S tan ley , 
w ho h ad  b een  d e p re s se d  a n d  in p o o r  hea lth  in P ittsb u rg h , was re ju v en a ted  
soon  a f te r  his a rr iv a l in G rea t B a rr in g to n . E arly in 1886 he a c q u ired  an 
a b a n d o n e d  m ill, re s to re d  an  o ld  s team  en g in e , set u p  a S iem ens a lte rn a to r  
lo an ed  to  h im  by th e  W estin g h o u se  co m p an y , h ired  o n e  assistan t, and  
pain stak in g ly  b eg an  d es ig n in g  a n d  d e v e lo p in g  new  tra n s fo rm e rs . 11 is t ra n s 
fo rm e rs  a n d  lam ps w ere  soon  in sta lled  in houses  a n d  businesses in ( h e a t  
B a rr in g to n , a n d  on  6 M arch  1886 th e  system  b egan  to  o p e ra te  on  a reg u la r 
basis. H is a l te rn a tin g -c u r re n t tra n s fo rm e r ,  een lra l-s ta tio n  system  fo r public 
serv ice, “th e  very  first in A m erica  bey o n d  all d isp u te ,"  used  a 25 -h .p . steam  
engine, tran sfo rm ers  supp ly ing  e ith e r twenty-five o r  fifty incandescent lamps, 
a n d  w ires s t ru n g  on  in su la to rs  a tta ch ed  to th e  "g ra n d  o ld  e lm s" that lined 
th e  village s tre e ts .67 T h e  len g th  o f  th e  transm ission  circu it from  cen tral- 
s la tio n  lab o ra to ry  to  village c e n te r  was a b o u t 4 .000  feet. C o n n ec ted  to  it 
w ere  th ir te e n  s to res , tw o d o c to rs ' o ffices, o n e  b a rb e rsh o p , th e  te lep h o n e  
ex ch an g e , a n d  th e  p ost office . In itia lly . S tan ley  s te p p e d  u p  th e  g e n e ra to r  
o u tp u t f ro m  500  to  3 ,000  volts, tra n sm itte d  th e  c u rre n t to  th e  ( e n te r  o f 
th e  village, a n d  th e n  d is tr ib u te d  it th ro u g h  th e  stree ts  a f te r  s tep p in g  it 
dow n  to  500  volts.

O n e  q u es tio n  rem a in s  to  be answ ered : W hat d id  S tan ley  invent and  
dev e lo p ?  H e h ad  access to  th e  p a ten ts  an d  technical l i te ra tu re  co n ce rn in g  
th e  G a u la rd  a n d  G ibbs a n d  G an/. 8c C o m p an y  system s. Follow ing the  wcll-

“  Ibid.. p. 7. Passer lisls laboratory siip|>orl as $60(1 a m onth and implies that the <<imp.niy 
in which Stanley held one-tenth of the shares was the Wcstinghouso t.leclrii Company h irinrd 
on 8 January  1886. This, however, contradicts Passer's statement on the same pan«- that 
W cstinghousc received all the stock in the Wcslinghouse Kleru ii Company except 2,lllll) sliates 
(onc-tcnlh). which were sold to seven business associates I’assei. Iterlnral M nnu/a,linen. p 
136.

Marlin, "Stanley Biography.”; quotation in chap. 7, p. 8. A decade latet franklin  I.. Pope, 
a pioneer in the field ol electrical engineering, was electrocuted when he accidentally made 
contact with wires leading lo the Stanley system transform er in his basement. Woodbury. 
Measure of Greatness, p. 143.
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Figure IV .12. The Westinghotisr 
transformer.

pub lic ized  G anz  d isp lay  a l th e  H u n g a r ia n  N a tio n a l E x h ib itio n  in B ud ap est 
in M ay 1885, D eri, B lathy  a n d  Z ip ern o w sk i d isp lay ed  th e ir  system  a t the 
In v e n tio n s  E x h ib itio n  in L o n d o n  in  J u ly  1885.B8 T h e n ,  in  th e  fall o f  1885, 
R eg ina ld  B elfie ld , an  E ng lish  e lec tric ian  w ho h a d  b een  in ch a rg e  o f  a 
d e m o n s tra tio n  o f  th e  G a u la rd  a n d  G ibbs system  a t th e  In v en tio n s  E xhi
b ition  in L o n d o n , was b ro u g h t  to  P ittsb u rg h  by W estin g h o u se  a n d  e n te re d  
his em p lo y  a t a b o u t th e  lim e  th a t th e  G a u la rd  a n d  G ibbs tra n s fo rm e rs  
a rr iv e d . B elfie ld  b ro u g h t  w ith  h im  su b s tan tia l k n o w led g e  o f  tra n s fo rm e r  
d es ig n  a n d  o p e ra tio n . D esp ite  th e  p r io r  l i te ra tu re  a n d  ex h ib itio n s , how ever, 
S tan ley  faced  th e  e x tre m e ly  d e m a n d in g  c h a llen g e  o f  ac tua lly  b u ild in g  tra n s 
fo rm e rs  a n d  a system  w ith in  w hich  th ey  w ou ld  fu n c tio n . O n  th e  th eo re tica l 
level, S tan ley  be lieved  th a t o n e  o f  his p a r tic u la r ly  im p o r ta n t  co n trib u tio n s  
was reco g n iz in g  th e  e ffec tiv en ess  o f  u s in g  c o u n te r  e lec tro m o tiv e  fo rce  in 
th e  t ra n s fo rm e r  to  o b ta in  a h ig h  d e g re e  o f  se lf -re g u la tio n .

A gain , it was Byllesby w ho  sen sed  S tan ley ’s w o rth  a n d  reco g n ized  his 
ach iev em en ts . In  F e b ru a ry  o r  M arch  1886 h e  v isited  th e  in s ta lla tion  at 
G re a t B a rr in g to n ; o th e rs  in P ittsb u rg h  w ou ld  pay  S tan ley  n o  h eed . Byllesby 
r e p o r te d  to  VVestinghouse a n d  o th e rs  th a t th e  t ra n s fo rm e rs  w e re  p ro p e rly  
p ro p o r t io n e d ,  well re g u la te d , a n d  th a t h e  was “ p ro fo u n d ly  im p re sse d .” 
T h e n ,  a f te r  m ak in g  a th o ro u g h  ex a m in a tio n  h im se lf, W es tin g h o u se  ag reed  
th a t th e  a lte rn a t in g -c u r re n t  system  h a d  “a r r iv e d .”69 P e rsu a d e d  th a t the 
system  was m ark e tab le , W estin g h o u se  te s ted  th e  S tan ley  system  m o re  th o r 
o u g h ly  in P ittsb u rg h  in th e  s u m m e r  o f  1886 u s in g  an  a l te rn a to r  de sig n ed  
by S tan ley  to  rep lace  th e  S iem en s m o d e l, w hich  re g u la te d  v o ltage  poorly. 
T ra n sm iss io n  ra n  fro m  th e  p la n t o f  th e  U n io n  Sw itch Sc S igna l C o m p an y  
to  E ast L iberty , a d is tan ce  o f  th re e  m iles. S a tisfied  by th e  p e rfo rm a n c e  of 
th is p ilo t system , W estin g h o u se  b eg an  co m m erc ia l p ro d u c tio n  a n d  sh ip p ed  
his c o m p a n y ’s first com m erc ia l p la n t to  B u ffa lo , N ew  Y ork , w h e re  a local 
u tility  p laced  it in serv ice. O rd e r s  fo r  tw en ty -five  a l te rn a t in g -c u r re n t  p lan ts 
fo llow ed w ith in  a few  m o n th s .7"

G eo rg e  W estin g h o u se  a n d  his e n g in e e rs  c o n tr ib u te d  sub stan tia lly  to  the 
d e v e lo p m e n t o f  a t ra n s fo rm e r  system  by d e s ig n in g  c o m p o n e n ts  fo r eco
nom ical a n d  q u an tity  p ro d u c tio n . T o  fac ilita te  m a n u fa c tu re ,  W eslinghouse  
p a te n te d  th e  desig n  g iven  th e  tr a n s fo rm e r  by S tan ley  (see Fig. IV .1 2 ).7' A 
n o te d  W estin g h o u se  e lec trica l e n g in e e r  a n d  p a te n t law yer, F ran k lin  L. 
P ope , pe rce iv ed  th e  essence  o f  th e  W estin g h o u se  c o n tr ib u tio n  w hen  he 
w ro te  in 1887, "I saw th a t th e re  w ere  g re a t possib ilities in  th e  system  
[G au la rd  a n d  G ibbs sj a lth o u g h  it was n o t w o rk ed  o u t p rac tica lly  a l all— 
n o t w o rk ed  o u t as we w ould  w ork  it o u t in th is c o u n try  by any  m eans— 
a n d  I was so well sa tisfied  . . .  o f  th e  possib le  re su lts  w h ich  we cou ld  get

""Halacsy and von Fuchs, T ran sfo rm er  Invented Seventy-five Years Ago"; the authors 
cue the extensive contem porary literature describing the Ganz system.

'M artin , “Stanley Biography." chap. 7, p. 13.
Passer. Electrical Manufacturers, p. 138. In his account o r G aulard and Gibbs. Stanley, and 

w eslinghouse, Passer mistakenly presents the Gaulard and Gibbs system as one without 
voltage-trans form ation characteristics. He may have assumed this because the Gaulard and 

S id  pra in35°rmCr "  WeS,i" RhOUSf was wircd for ° " e l°  »"*■ Pr 'mal7  IO secondary. 

352 ^  ' a r*CS ^Cnl1, * e ,*‘l s f 'o n ,r>hution to Electric Power." Electrical Engineering 62 (1943):
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w hen  wc p u t o u r  y o u n g  m en  on  it in this c o u n try ." 7* At abou t th e  sam e 
tim e, a w rite r in an  E nglish techn ical jo u rn a l la m en ted . "It is not a very 
c o m p lim e n ta ry  re flec tio n  fo r  E u ro p e a n  elec tric ians a n d  capita lists that a l
th o u g h  all ideas a n d  e x p e rim e n ta l w ork n e e d e d  have com e fro m  E u ro p e  
. . .  it sh o u ld  be re se rv ed  fo r an  A m erican  firm  lo take  u p  th e  system  and  
m ak e  it th e  com m erc ia l a n d  p ractical success which (he W estin g h o u se  C o m 
p an y  is now  d o in g .”73 W cslingho iise 's  m a n u fa c tu re  a n d  m ark e tin g  o f  the  
t ra n s fo rm e r  system  was im pressive : by S ep tem b er  1887 th e  co m p an y  had  
in serv ice o r  u n d e r  co n s tru c tio n  cen tra l s ta tions w ith a to tal capacity  o f  o n e  
h u n d re d  th ir ty - fo u r  th o u sa n d  16-c.p. in can d escen t lam ps; by 18‘K) th e re  
w ere th re e  h u n d re d  W estin g h o u se  cen tra l s ta tions w ith a to tal capacity  ol 
h a lf  a m illion 16-c.p. lam p s .7,1

”  Telegraphic Journal and Electrical Review 20 (I8H7): S49 
”  Ibid., 21 (1887): 44G.
71 Passer. Electrical Manufacturers, p. 149; Firming. The Alternating Current Transformer, 2:

167.



C H A P T E R  V

Conflict and 
Resolution

By t h e  en d  of th e  1880s, E d iso n 's  d ire c i-c u r re n t  system  faced  sub
s tan tia l co m p e titio n  fro m  th e  m o re  recen tly  d ev e lo p e d  a lte rna ting - 

c u r re n t  system . T h e  W estin g h o u se  E lec tric  C o m p a n y  h a d  in tro d u c e d  the 
tra n s fo rm e r  in A m erica ; G anz  & C o m p a n y  h a d  m an y  in sta lla tio n s in Eu
ro p e ; a n d  th e re  w ere sm all m a n u fa c tu re rs  o f  a.c. e q u ip m e n t w ith a few 
in sta lla tions in B rita in . D u r in g  th e  c lo sing  years  o f  th e  e ig h tie s , technical 

jo u rn a ls  a n d  even  th e  p o p u la r  p ress  k ep t re a d e rs  in fo rm e d  o f  “ th e  battle 
o f  th e  c u r re n ts ,"  o r  " th e  ba ttle  o f  th e  system s."  P ro fe ssio n a l societies held 
d eb a te s  c o n c e rn in g  th e  m erits  o f  each  system , a n d  e n g in e e rs  a n d  station 
m an ag e rs  filled th e  techn ica l jo u rn a ls  w ith  a rtic les  p ro c la im in g  th e  technical 
an d  econom ic  a d v an tag es  o f  o n e  system  as c o m p a re d  to  th e  o th e r . ' T he  
d e b a te  co n tin u e d  u n til th e  1890s, w ith  low -vo ltage d ire c t c u r r e n t  co m p et
ing  aga inst s in g le -p h ase  a lte rn a tin g  c u r r e n t  fo r  th e  in can d escen t-ligh ting  
m ark e t.

T h e  sin g le -p h ase  a lte rn a tin g -c u r re n t system  o rig in a te d  as a so lu tion  to 
a critical ( tran sm issio n ) p ro b lem  in th e  d ire c t-c u r re n t system . Engineers 
an d  m an ag e rs  h ad  g rea tly  im p ro v ed  th e  d .c. sy stem , b u t th ey  rem ained  
stym ied by th e  cost o f  tran sm issio n  b e y o n d  a ra d iu s  o f  severa l miles. Al
te rn a tin g  c u r re n t p ro v id ed  relatively  low-cost tran sm iss io n , b u t th e  single- 
p hase  a lte rn a tin g -c u r re n t system  also  h a d  a se rio u s  d raw b ack ; it lacked a 
practical m o to r. So h a n d ic a p p e d , th e  tw o system s c o m p e te d  in tensely , es
pecially d u r in g  th e  y ears 18 8 7 -9 2 . T h e  “ba ttle "  e n d e d  in th e  1890s, but 
not w ith th e  d es tru c tio n  o f  o n e  side  by th e  o th e r .  In s te a d , th e re  was a 
n o tab le  re so lu tio n  o f  th e  co n tro v e rsy  on  bo th  th e  tech n ica l a n d  th e  o rg an 
izational level. R esourcefu l inv en tio n  a n d  d e v e lo p m e n t w ere  necessary  to 
b rin g  it ab o u t. B efo re  an a lyz ing  th e  re so lu tio n , h o w ev er, we will follow the 
cou rse  o f  th e  d eb a te , fo r  it re p re se n ts  th e  k ind  o f  con flic t b e tw een  o r  am ong 
technological system s tha t has o c c u rre d  th ro u g h o u t  th e  h is to ry  o f  tech
nological change .

1 For an extended discussion ol die various advantages and disadvantages o f the two cur
rents, see the scries of papers printed in Electrical Engineer 7 (1888): 166-68, 220-24. See also 
Frank L. Pope, "'Fite W cslinghouse Alternating System o f Electric Lighting." Electrician and 
Electrical Engineer 6 (1887): 332-42. for the well-stated opinions o f an advocate for alternating 
current who died accidentally in |H9!i—a victim of that current.

i on
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In  so m e  a re a s  th e  co n flic t was b ased  p r im arily  on  techn ica l a n d  econom ic  
facto rs. B ecause  th e  n e e d s  o f  heavily  p o p u la te d  cities d if fe re d  fro m  those  
o f  ligh tly  p o p u la te d  tow ns a n d  city su b u rb s , th e  advoca tes  o f  th e  c o m p e tin g  
system s co u ld  p o in t to  c le a r  techn ica l a n d  eco n o m ic  ad v a n ta g e s  fo r  each . 
In  city c e n te rs , heavy  p o p u la tio n  co n c e n tra tio n  d im in ish e d  th e  n e e d  fo r 
la rg e  su p p ly  a re a s  to  o b ta in  a d iv e rse  a n d  reaso n ab ly  w ell-ba lanced  load . 
In  th e  ligh tly  p o p u la te d  a rea s , eco n o m ies o f  tran sm issio n  gave th e  a l te r 
n a t in g -c u r re n t sa le sm an  th e  a d v an tag e . I t  was in in te rm e d ia te  s itu a tio n s  
lh a l th e  te chn ica l a n d  eco n o m ic  a d v an tag es  o f  th e  tw o system s w ere  not 
c lea r-cu t a n d  th a t c o m p e titio n  was m ost in te n se .2

In  th e  a re a s  w h e re  te chn ica l a n d  econom ic  c o n s id e ra tio n s  d id  n o t lead  
lo  s tra ig h tfo rw a rd , ra tio n a l dec is ions, p e rso n s  skilled  in o th e r  m o d es  o f 
a rg u m e n t  e n te r e d  th e  fray . T h e i r  p a r tic ip a tio n  a n d  th e ir  in f lu e n c e  u p o n  
decisions a b o u t technology  a re  sign ificant rem in d e rs  tha t technological change  
can n o t be u n d e rs to o d  if  v iew ed on ly  fro m  th e  p e rsp ec tiv e  o f  th e  d e s ig n in g  
e n g in e e r  a n d  th e  c a lcu la tin g  cost a c c o u n ta n t. S pecial n o te  sh o u ld  be tak en  
o f  th e  way in w hich  political p o w er, p a r ticu la r ly  th a t ex e rc ised  th ro u g h  
law, was b ro u g h t  lo  b e a r  d u r in g  “th e  b a ttle  o f  th e  system s.” T h e  d e b a te  
ra g e d  m ost fu rio u s ly  in  th e  U n ite d  S tales, w h e re  th e  use o f  e lec tric  lig h tin g  
was m ost w id esp read . T h e  le a d in g  p ro ta g o n is ts  w ere th e  W estin g h o u se  a n d  
Ed ison  E lectric  L ig h t co m p an ie s , b u t o th e r  m a n u fa c tu re rs , in c lu d in g  th e  
firm  o f  T h o m s o n -H o u s to n  w ere  involved . N e ith e r  G e o rg e  W estin g h o u se  
n o r  T h o m a s  E d iso n  was above  e n te r in g  th e  fracas, even  th o u g h  by th e  la te  
1880s E d iso n  w as sp e n d in g  m u c h  o f  h is tim e  a t te n d in g  to  m a tte rs  o th e r  
th a n  th e  e lec trica l c o m p a n ie s  h e  h a d  fo u n d e d . R e v e rb e ra tio n s  o f  th e  s t ru g 
gle w ere  h e a rd  a b ro a d , b u t we will c o n c e n tra te  h e re  o n  th e  A m erican  
scen e .3

T h e  E d ison  in te re s ts  firs t re so r te d  to  u n o r th o d o x  political tactics. F o r 
this, th ey  h a d  a b ro a d e r  ra n g e  o f  po litical con tac ts  on  w hich  to  call th an  
d id  th e  c o m p e titio n . T h e y  a n d  o th e r  d ire c t-c u r re n t advoca tes  rea lized  th a t 
th e ir  fa ilu re  to  so lve th e  tran sm iss io n  p ro b lem  called  fo r  a non tech n ica l 
co m p e n sa to ry  re sp o n se . B e fo re  th e  final ex c h a n g e  in “th e  ba ttle  o f  th e  
c u r r e n ts ,” an  a t te m p t was m a d e  to  c re a te  p ub lic  in d ig n a tio n  ag a in st an  
electrical system  th a t  su p p o sed ly  e n d a n g e re d  life. E ssentially  th e  ep iso d e  
co n c e rn e d  o n e  p r iv a te  e n te rp r is e ’s e n d e a v o r , th ro u g h  political p o w er a n d  
leg isla tion , to  ou tlaw  th e  techno log ica l ad v a n ta g e  o f  a n o th e r . It was n e ith e r  
th e  firs t n o r  th e  last in s tan ce  o f  such  m a n e u v e rin g  in th e  h is to ry  o f  te c h 
nology .

In  1888 th e  E d ison  in te re s ts  w ere  n o t u n h a p p y  to  see an  u n k n o w n , sclf-

7T he  technical periodicals have carried historical essays on the struggle; sec especially the 
one hy L. B. Stillwell in the fiftieth anniversary issue o f Electrical Engineering 53 (1934), 
"Alternating C urren t versus Direct C urren t."  l-larold C. Passer. The Electrical Manufacturers. 
1875-1900  (Cambridge, Mass.; H arvard University Press, 1953), is informative on the m an
ufacturers' role.

’ T here  is secondary literature about the struggle in England and Europe. See, for instance, 
R. A. S. Hennessey, The Electric Revolution (Newcastle upon Tyne: Oriel, 1971), which has a 
chapter on “the battle o f the systems" in Britain; R. I I. Parsons, The Early Days of the Power 
Station Industry (Cambridge; At the University Press, 1940), which also has a chapter so tilled; 
and Georg von Siemens, History o f the House of Siemens, trans. A. F. Rodger, 2 vols. (Fricburg/ 
Munich: Alber, 1957), which treats the conflict and its resolution in a chapter entitled "The 
Alternating C urren t Revolution."
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styled e lectric ian  w ho h a d  o n ce  so ld  E d ison  elec tric  p en s  a p p e a r  with a 
schem e. H aro ld  B row n first a ch iev ed  pub lic  a tte n tio n — p e rh a p s  no torie ty  
w ould  be a b e tte r  w o rd — w h en  in July 1888 a t C o lu m b ia  C o llege’s School 
o f  M ines he e lec tro cu ted  a d o g  d esc rib ed  by h im  as vicious. T h e  anim al 
w as n o t sim ply  e le c tro c u te d , h o w ever; it was first sub jec ted  to  d ire c t cu r
ren ts  o f  vary ing  voltages a n d  th e n  d isp a tc h e d  by a lte rn a tin g  c u r re n t. It is 
obvious th a t B row n was try in g  to  p e rsu a d e  his au d ie n c e  th a t d ire c t cu rren t 
was relatively  safe , w hile a lte rn a tin g  c u r re n t  was th e  d ead ly  c u r re n t. In 
d e e d , B row n show ed  his h a n d  n o t lo n g  a f te r  th is d e m o n s tra tio n  w hen  he 
to ld  an  au d ie n c e  th a t in c lu d ed  N ew  Y ork  law m akers , " I t  is c e r ta in  that 
y e s te rd ay ’s w ork  ( th e  e lec tro cu tio n  o f  a seco n d  d o g ] will ge t a law passed 
by th e  leg is la tu re  in th e  fall, lim itin g  th e  v o ltage  o f  a lte rn a tin g  c u rre n ts  to 
300  volts.”4

A co n flu en ce  o f  c ircu m stan ces co m p lica ted  th e  grisly  a ffa ir .  B ecause the 
New Y ork  S ta te  leg is la tu re  was seek in g  a m o re  h u m a n e  m o d e  o f  execution  
th a n  h an g in g . B row n seized  th e  o p p o r tu n ity  to  c o m b in e  th e  e f fo r t  to  outlaw 
h igh  voltages in th e  s tree ts  w ith th e  m ove to  u se  a l te rn a tin g  c u r re n t for 
e lec tro cu tio n s  in th e  prisons. H e ex p e c te d  th e  assoc ia tion  o f  d e a th  with 
a lte rn a tin g  c u r r e n t  to  facilita te  leg isla tion . W ith  th e  ap p ro v a l o f  T hom as 
Edison  a n d  th e  h e lp  o f  his lab o ra to ry  s ta ff, in c lu d in g  A r th u r  Kennelly, 
la te r p ro fe sso r  o f  e lectrical e n g in e e r in g  a t th e  M assachuse tts  In s titu te  of 
T ech n o lo g y  a n d  at H a rv a rd  U n iversity , B row n  ex e c u te d  calves a n d  horses, 
a n im als  th a t w ere  la rg e r  th a n  h u m a n s , h e  p o in te d  o u t. A fte r  th e  New York 
S ta te  leg is la tu re  h e a rd  tes tim o n y  ab o u t e le c tro c u tio n  fro m  w itnesses, in
c lu d in g  T h o m a s  E d ison , it vo ted  in fav o r o f  th e  m e th o d . D esp ite  th e  d e 
te rm in e d  o p p o s itio n  o f  W eslin g h o u se , B row n  m a n a g e d  to  a c q u ire  a Wesi- 
in g h o u se  g e n e ra to r  an d  p laced  it in N ew  Y o rk ’s A u b u rn  S ta te  P rison. In 
A u g u st 1890, w ith B row n p re se n t,  th e  first p e rso n  was legally  e lectrocuted . 
T h e n  a public ity  c a m p a ig n  was la u n c h e d  ask in g . Do you w an t th e  execu
tio n e r ’s c u r re n t  in y o u r h o m e  a n d  ru n n in g  th ro u g h  y o u r  s tree ts?

B row n a n d  E dison  p ro c e e d e d  with th e  sch em e  to  ou tlaw  th e  cu rren t, 
b u t m et w ith fa ilu re  in N ew Y ork S la te  a n d  e lsew h ere . In  o n e  case before 
th e  V irg in ia  leg is la tu re , they  bo th  u rg e d  th a t a lte rn a tin g  c u r r e n t  be  lim ited 
to  200  volts. T h e  legisla tion  d id  n o t pass, h ow ever, b ecau se  a m em b er ol 
th a t body  lea rn ed  th a t th e  V irg in ian s w ere b e in g  u sed  in a com petitive 
s tru g g le  betw een  tw o "Y ankee"  c o rp o ra tio n s .

D espite  co n flic ting  o p in io n s  as to  th e  efficacy  o f  e lec tric ity  (in its first 
lest) as a m eans o f  e x ecu tio n , N ew  Y ork S la te  re ta in e d  th e  system . Ex
p re ssin g  th e  be lie f th a t th e  use ol a co m m erc ia l g e n e ra to r  m ig h t have been 
u n fa ir  “to  a p a r tic u la r  electrical firm "  (W estin g h o u se), th e  o fficial repo rt

1 H arold P. Hrown lo A rthur E. Kcnnelly, <1 August 1888, Edison Archives. Edison National 
Historic Sue. Wesi O range. N.J. For a de.ailed account based on original sources, see Thomas 
P. Hughes, H arold P. Drown and the Executioner s C urren t: An Incident in the AC-DC 
Controversy, //n ra rr f  History Review 32 (1958): M 3-65. Some inventors and engi
neers. such as Eliliu Thomson, were seeking means o f ensuring the safely o f alternating 

,hCm' SCC Elihu Thom son 10 Thom son-H ousion Electric Co.. 
Phi!rwm!hi I š  m '7  J0" ” 0" Pa|,er* ( ,H  4/M - l '9 0  867-878), Library o f the American
S t ^ n P« . « „ S 7 ly^ r h,la,,elph" ’ Pa- ‘ am i,Kleb,ed ^ r n a r d  Carlson o f the University 
Thom son ' ' a ,,cn ,'on this letter: Carlson is writing a biography of Elihu
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o f  th e  e x ecu tio n  d id  re c o m m e n d  th a t a g e n e ra to r  be specially  co n s tru c te d  
fo r fu tu re  use in such cases. A n unofficial recom m endation  was that Brow n's 
n a m e  b e assoc ia ted  w ith e lectrical ex ecu tio n  in th e  sam e way th a t D r. R am on  
G u illo lin 's  h ad  b eco m e assoc ia ted  w ith his device. B row n 's  n a m e  soon  d is 
a p p e a re d  fro m  th e  n a tio n ’s n ew sp ap e rs  a n d  p eriod ica ls , h ow ever, a n d  th e re  
is g o o d  rea so n  to  d o u b t th a t his a tte m p t to  associate  a l te rn a tin g  c u r re n t 
w ith d e a th  h a d  a n o ticeab le  e ffec t u p o n  th e  o u tco m e  o f  " th e  ba ttle  o f  th e  
c u r r e n ts .” S tatistics show  a s tead y  a n d  rap id  in crease  in th e  n u m b e r  of 
ce n tra l s ta tio n s  u sin g  th e  W estin g h o u se  system  o f  a lte rn a tin g  c u r re n t d u r 
in g  th e  p e r io d  w h en  B row n  was m ost active, 1 888-90 .

F ree  o f  legal sn a re s , th e  a l te rn a t in g -c u r re n t  system  g a th e re d  m o m e n tu m  
as m a n u fa c tu r in g  a n d  in s ta lla tio n  in c reased , b u t a ro u n d  1890 it, too , ex 
p e r ie n c e d  rev e rse  sa lien ts , a n d  a new  g e n e ra tio n  o f  in v en to rs  a n d  e n g in ee rs  
re sp o n d e d  by d e f in in g  th e m  as critical p ro b lem s. C o m p a ra b le  to  th e  tra n s 
m ission p ro b le m  th a t h a d  f ru s tra te d  th e  d ire c t-c u r re n t in v en to rs , th e  m ost 
s e rio u s p ro b le m  fo r  th e  a l te rn a t in g -c u r re n t  system  was th e  n eed  fo r  a 
p rac tica l m o to r . A n o th e r  p ro b le m  s te m m e d  fro m  th e  use o f  h ig h e r  vo ltages 
in a.c. p rac tice  th a n  in  d .c. a n d  th e  re su ltin g  n eed  to  in su la te  a n d  g ro u n d  
c ircu its to  g u a rd  a g a in s t in ju ry  a n d  d e a th  fro m  e lec tric  shocks. W hile “th e  
b a ttle  o f  th e  c u r r e n ts ” was b e in g  fo u g h t in th e  n o n tech n ica l a re n a , th e  new  
g e n e ra tio n  o f  e n g in e e rs  a n d  in v e n to rs  w o rk ed  to  solve th e  m o to r  a n d  safety  
p ro b lem s.

T h e re  was c o n tro v e rsy  o v e r  p rio r ity  o f  in v en tio n  in th e  case o f  th e  a l
te rn a t in g -c u r re n t  m o to r  as th e re  h ad  b een  a b o u t p r io r ity  o f  inv en tio n  o f  
th e  a.c. t ra n s fo rm e r .  B ecause  th e  m o to r  c o n tro v e rsy , like th e  tra n s fo rm e r  
d eb a te , is an  im p o r ta n t  in s tan ce  o f  n e a r  s im u ltan e ity  o f  in v en tio n , we n eed  
to  e x a m in e  th e  c irc u m sta n c e s  th a t s tim u la ted  a n u m b e r  o f  in v en to rs  to 
id en tify  th e  m o to r  as a re v e rse  sa lien t a n d  d e f in e  it as a set o f  critical 
p ro b lem s fo r  w hich  th ey  p ro p o se d  so lu tions.

In v en tiv e  activ ity  c e n te re d  o n  th e  a lte rn a tin g -c u r re n t m o to r  in p a r t  be
cause  a lte rn a t in g  c u r r e n t  was well p ub lic ized  a n d  availab le  fo r e x p e r im e n 
ta tio n . Its  c h a rac te ris tic s  co u ld  be  o b se rv ed  first h a n d . G a u la rd  a n d  G ibbs’s 
system  b eg an  to  a ttra c t a tte n tio n  in 1883, a n d  w ith each  successive year, 
a lte rn a to rs  a n d  t ra n s fo rm e rs  becam e  m o re  w idely know n , te s ted , a n d  used . 
G alileo  F e rra r is ,  o n e  o f  th e  in v e n to rs  assoc ia ted  w ith th e  a .c. m o to r, becam e 
in te re s te d  in  a l te rn a t in g -c u r re n t  p h e n o m e n a , fo r  in stance , w hen  h e  acted  
as a tech n ica l e v a lu a to r  o f  th e  G a u la rd  a n d  G ibbs a n d  G anz  & C o m p an y  
t ra n s fo rm e rs .3 D isplays a t o th e r  in te rn a tio n a l ex positions, such  as those  
u sed  by G a u la rd  a n d  G ibbs in L o n d o n , w hich  a ttra c te d  G eo rg e  W esting- 
h o u se 's  a tte n tio n , a lso s tim u la te d  co g ita tio n  a n d  ex p e rim e n ta tio n  re la ted  
to  a.c. n e e d s  a n d  o p p o r tu n itie s . In  a d d itio n , m a n u fa c tu re rs  loan ed  o r  gave 
a lte rn a tin g  e q u ip m e n t to  e n g in e e r in g  schools so th a t faculty  a n d  s tu d en ts  
m ig h t use it in re se a rc h  a n d  th u s  d isco v er its possible ap p lica tions. F.ngi- 
n e e rs  a n d  m a n a g e rs  o f  u tilities u sing  th e  new  c u r r e n t  becam e fam ilia r with 
its s tre n g th s  a n d  w eaknesses first h a n d . T h is  is a re m in d e r  th a t new  tech 

1 Ludwig G unm an, "On the Rotary Magnetic Field and Multiphase A lternating Current
Distribution," Electrical World 21 (1893): 276, quoted on page 4 o f G. Silva. Galileo Eerrans: 
The Rotating Magnetic Field and the Asynchronous Motor, a translated excerpt from the original
Italian text published in L'Elettrolecnica 3*1 (1947) (hereafter cited as Silva, Eerrans).
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no logy  m u si be u sed  in o r d e r  to  be im p ro v e d , o r  to  p u t it d iffe ren tly , 
p o s tin n o v a tio n  in v e n tio n  a n d  d e v e lo p m e n t a r e  co m m o n . T h e  o rig ina to rs  
c a n n o t en v isag e  all o f  th e  o p p o r tu n i t ie s  a n d  n e e d s  o f  d iv e rse -u se  en v iron 
m en ts .

W ith in c rea sed  co m p e tit io n  fro m  a.c. system s, th e  d ire c t-c u r re n t utilities 
a p p re c ia te d  th e  a d v a n ta g e  th ey  he ld  w ith  th e ir  p rac tica l m o to r  a n d  decided 
to  pub lic ize  it ev en  m o re . In  re sp o n se , th e  c o m p e tin g  a.c. fo rces  sensed 
m o re  sh a rp ly  th a n  e v e r  th e  d e s irab ility  o f  c o r re c tin g  th e  sa lien t weakness 
o f  th e ir  system . N o tio n s  o f  lo ad  m a n a g e m e n t a n d  a t te n d a n t  econom ies 
becam e  less v ag u e  as th e  1880s e n d e d ,  a n d  ih is c la rific a tio n  o f  opera ting  
eco n o m ies  c learly  d e f in e d  th e  n e e d  fo r  a m o to r  lo  fill o u t th e  load  curve.' 
U tilities m a n a g e rs  a n d  e n g in e e rs  b eg an  lo o k in g  b ey o n d  ea rly  p ro b lem s ol 
re liab ility  a n d  th e  m a rk e t fo r  lu x u ry  lig h tin g  to  a m o re  even ly  d istribu ted  
a n d  tw e n ty - fo u r -h o u r  load .

N ot on ly  d id  th e  u tilities  d e f in e  th e  n e e d  fo r  an  a.c. m o to r , b u t the 
m a n u fa c tu re rs  w ith in v es tm en ts  in  a .c. lig h tin g  system s— fo r  in  stance, W est
in g h o u se — also  e n c o u ra g e d  in v e n to rs . In  th e  1880s th e  in d e p e n d e n t  in
v e n to r  was still an  im p o r ta n t  fig u re ; h e  h a d  n o t yet b e e n  d isp laced  by the 
re s e a rc h -p ro n e  academ ics, in d u s tr ia l  sc ien tis ts , a n d  d e v e lo p m e n t engineers 
th e  m a n u fa c tu re rs  w ou ld  ev en tu a lly  h ire . So th e se  in d e p e n d e n ts  re 
s p o n d e d ,  sen s in g  c o rrec tly  th a t successfu l in v e n tio n  w o u ld  be rew arded  
becau se  an  eco n o m ic  n e e d  h a d  b e e n  p e rce iv ed . In  th e  la te  e igh ties, the 
re g u la r  a n n o u n c e m e n t  o f  p a te n ts  in n u m e ro u s  tech n ica l a n d  en g ineering  
p e rio d ica ls  su ch  as th e  Scientific American  k ep t th e  acu te ly  sensitive  inventors 
aw are  o f  o p p o r tu n itie s .

A n u m b e r  o f  m ak e rs  a n d  u se rs  re s p o n d e d  to  th e  n e e d  w ith  new  inven
tions, b u t m an y  in v e n to rs  a n d  sc ien tists s im p ly  a n a ly zed  th e ir  o ld  discoveries 
an d  in v e n tio n s  fro m  th e  p e rsp ec tiv e  o f  th e  new ly  p e rce iv ed  need . T he 
re c o rd s  o f  p a te n t litiga tion  in th e  case o f  a.c. m o to rs  in c lu d e  num ero u s 
re fe re n c e s  to  id eas a n d  a p p a ra tu s  th a t h a d  obv iously  b e e n  rehab ilita ted  
a f te r  a re v e rse  sa lien t gave th e m  tech n ica l a n d  e c o n o m ic  value. T h e  o riginal 
ideas  a n d  a p p a ra tu s  h a d  o f te n  re su lte d  fro m  s o m e th in g ’s b e in g  possible 
r a th e r  th a n  n e e d e d . The p e rc e p tio n  o f  a re v e rse  sa lien t tra n s fo rm e d  the 
p lay in g  a n d  cu rio sity  in to  c r itic a l-p ro b lem  so lv ing . A lo n g  list o f  an teceden t 
ideas  p e r ta in in g  to  th e  a.c. m o to r  a p p e a re d  as in v e n to rs , p a te n t lawyers, 
an d  in d iv id u a ls  a n d  o rg an iz a tio n s  w ith  e c o n o m ic  in te re s ts  in th e  a.c. system 
b eg an  th e ir  p u rp o s e fu l  a tte m p ts  to  es tab lish  p r io r ity .

B ecause  th e  fac to rs  th a t s t im u la te d  in te re s t in th e  d e v e lo p m e n t o f  an  a.c. 
m o to r  w ere  n u m e ro u s ,  th e  n u m b e r  o f  in v e n to rs  w h o  c la im ed  p rio rity  and 
th e  v a ria tio n s  in h is to rica l a ttr ib u tio n  w ere  n u m e ro u s  as well. P a ten ts  and 
p a te n t litiga tion  s h a p e  m em o rie s  so s tro n g ly  th a t d is in te re s te d  accounts 
based  on  th e m  c a n n o t be a ssu m ed . F o r in s tan ce , p a te n t h o ld e rs  m ay recall 
th e  s tim u la tin g  in f lu en ces  o f  sc ien tis ts  b u t n o t th o se  o f  o th e r ,  com peting  
p a te n t h o ld e rs . T h e r e  is a lso a na tio n a lis tic  b ias to  a c c o u n ts  o f  th e  invention 
an d  in tro d u c tio n  o r  th e  a.c. m o to r  sy stem . Ita lian  h is to rie s  stress  (he dis
coveries o f  G alileo  F c rra r is  ( 1 8 4 7 - 1897); A m erican  acco u n ts  o f te n  focus

"T h e  term  "load factor.” which precisely identified load-m anagem ent problem s, was in
troduced by R. E. B. C rom pton, in 1891; sec Parsons, Early Days o f the Power Station Industry. 
p. 208. For a discussion of this influential concept, see p. 218 below.
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o n  N ikola  T es la  (1 8 5 6 -1 9 4 3 )  a n d  th e  W estin g h o u se  e n g in e e rs  w ith  w hom  
he  w o rk ed ; Y ugoslav ian  h is to rian s  recall W es tin g h o u se ’s activ ities, b u t as 
a b a c k d ro p  to  T e s la ’s h e ro ic  c o n tr ib u tio n s ; a n d  th e  G e rm a n s  q u ie tly  b u t 
co n fid e n tly  n o te  th a t M ichael O sipow itch  von D olivo-D obrow olsky  (1862— 
1919) a n d  th e  G e rm a n  G e n e ra l E lectric  C o m p an y  (A EG ) in tro d u c e d  th e  
m o to r  in th e  fo rm  th a t was u sed  m ost w idely by 1900. Sw edish  h is to rian s  
re m e m b e r  J o n a s  W en s tro m  (1 8 5 5 -1 8 9 3 ), a n d  th e  Swiss s tress  th e  w ork  of 
C h a rle s  E u g e n e  L an ce lo t B row n  (1 8 6 3 -1 9 2 4 )  o f  B row n , B overi 8c C o m 
pany . T h e  F re n c h  call a tte n tio n  to  M arcel D e p re z  (1 8 4 3 -1 9 1 8 ) , w ho c o n 
tr ib u te d  co n cep ts  to  th e  a.c. fie ld , as h e  d id  to  so m an y  o th e r  ea rly  e lectrical 
de v e lo p m e n ts . O bv iously  th e  c ircu m stan ces  th a t focused  a tte n tio n  on  th e  
n eed  fo r  an  a.c. m o to r  w ere  tra n sn a tio n a l.

T o  u n rav e l th e  ta n g le d  skein  o f  p r io r ity  cla im s, let us es tab lish  a f ra m e 
w ork  o f  analysis. T h e  c a teg o rie s  to  be an a ly zed  will be d e f in e d  by qu estio n s. 
F o r e x am p le : W ho  w ere  th e  scien tists o r  in v e n to rs  w ho first a r tic u la te d  the 
g e n e ra l ideas  u n d e r ly in g  th e  in v en tio n  a n d  pub lic ized  th e m  th ro u g h  lec tu re  
o r  pub lica tio n ?  W ho  w ere  th e  in v e n to rs  w ho first co n s tru c te d  w ork ing  
m odels?  W ho  firs t a p p lie d  successfu lly  fo r  a p a te n t?  W h at p e rso n s  o r  co m 
pan ie s  in itia lly  in tro d u c e d  th e  in v e n tio n  on  th e  m a rk e t?  A n d  w hat is the  
prec ise  n a tu re  o f  th e  in v e n tio n  th e  p r io r ity  o f  w hich is in q u es tio n ?  T h e  
an sw ers  lo  th e se  q u e s tio n s  m u s t be o f fe re d  w ith qua lific a tio n s a n d  re s e r 
vations.

T a k in g  th e  last q u e s tio n  firs t, th e  in v en tio n  o f  in te re s t is th e  a lte rn a tin g -  
c u r re n t,  p o ly p h ase  m o to r . T o  estab lish  a ro ta tin g  m ag n e tic  field  in its s ta to r  
w ind ings, th e  p o ly p h a se  m o to r  uses severa l o u t-o f-p h ase , o r  p o lyphase , 
c u rre n ts . By 1900 th e  th r e e -p h a s e  system  was co m m o n , b u t th e  tw o-phase  
system  also h a d  b e e n  u sed . P o ly p h ase  m o to rs  w ere  o f  several designs; th e  
m ost co m m o n  d is tin c tio n  was be tw een  th e  in d u c tio n , o r  a sy n ch ro n o u s , 
m o to r  a n d  th e  s y n c h ro n o u s  m o to r . T h e  in d u c tio n  m o to r  fo u n d  w ide use, 
va ry ing  in size f ro m  th e  m o to r  in a d e n tis t 's  d rill to  th e  p ro p u ls io n  u n it o f  
a b a ttle sh ip , a n d  to d ay  is u sed  th ro u g h o u t  th e  w orld . “T o g e th e r  w ith the 
p e tro l e n g in e , it has beco m e  th e  m ost in d isp en sab le  m ach in e  th a t m an  has 
m a d e .”7

T h e  ro to r  o f  th e  in d u c tio n  m o to r  has c u r r e n t  in d u c e d  in its w indings, 
o r  co n d u c to rs , by th e  ro ta tin g  m ag n e tic  field  o f  th e  s ta to r. T h e  reac tion  
b e tw een  th e  in d u c e d  ro to r  c u r r e n t  a n d  th e  s ta to r 's  m ag n etic  field  deve lops 
th e  to rq u e  o f  th e  m o to r . T h e  sy n c h ro n o u s  m o to r  has a s e p a ra te  so u rce  o f  
d ire c t c u r r e n t  fo r  th e  ro to r ;  as in th e  case o f  th e  in d u c tio n  m o to r, th e  
ro ta tin g  m ag n e tic  fie ld  o f  th e  s ta to r  o f  th e  sy n c h ro n o u s  m o to r  is estab lished  
by p o ly p h ase  c u r re n ts . T h e  sy n c h ro n o u s  sp eed  o f  a po ly p h ase  m o to r  is the  
sp eed  o f  th e  ro ta tin g  m ag n e tic  field  in th e  s ta to r. T h is  sp eed  varies d irec tly  
w ith th e  fre q u e n c y  o f  th e  ap p lie d  vo ltage an d , inversely , w ith th e  n u m b e r  
o f  poles. T h e  m ag n e tic  revo lv ing  field  ru n s  at th e  sam e sp eed , po le  fo r 
po le , as th e  a l te rn a tin g -c u r re n t g e n e ra to r  su p p ly in g  it. As o b serv ed , th e  
in d u c tio n  m o to r 's  ro to r  ru n s  slightly  b eh in d  sy n ch ro n o u s  sp eed ; th e  syn
c h ro n o u s  m o to r ’s ro to r  ru n s  a t sy n c h ro n o u s  sp eed ."

7 Von Siemens. House o f Siemens, 1: 140.
• For a d e a r  and expertly simplified description o f the a lternating-current m otor, see U.S.. 

Bureau o f Naval Personnel, Basic Electricity (New York: Dover, 1970). pp. 317-37.
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Figure V .l. Nikola Tesla. Courtesy of the 
National Museum of American History, 

Smithsonian Institution, Washington, D.C.

T h e  m ost w idely acc la im ed  o f  th e  in v en to rs  o f  th e  a lte rn a tin g -cu rren t 
m o to r  was N ikola  T esla . T esla  is b e lte r  know n  th a n  th e  o th e rs  n o t only 
because  o f  th e  success o f  his in v en tio n  b u t a lso  because  his native country, 
Y ugoslavia, has r ig o ro u sly  c u ltiv a ted  his m e m o ry ; because  he  was associated 
w ith a lead in g  A m erican  m a n u fa c tu re r ;  b ecau se  he  was g rea tly  honored  
by his c o n te m p o ra r ie s ;  a n d  b ecau se  h e  was a co lo rfu l, d ra m a tic  personality  
w ho a ttra c te d  c o n s id e ra b le  a tte n tio n  in n ew sp ap e rs  a n d  period ica ls and 
ab o u t w hom  a n u m b e r  o f  books for the  g enera l au d ience  have been written.9

N ikola  T esla  was b o rn  o n  th e  n o r th e rn m o s t  coast o f  D alm atia  in the 
village o f  S m iljan , L ika, th e n  a p a r t  o f  th e  A u s tro -H u n g a r ia n  E m p ire  and 
now  a village in  Y ugoslav ia. H is fa th e r , a S e rb ia n , was a G reek  O rth o 
d o x  p rie s t; his m o th e r  was “o f  a d is tin g u ish e d  S e rb ian  fam ily .’’10 Because 
his m o th e r  is re m e m b e re d  as b e in g  d e sc e n d e d  fro m  a lo n g  line o f  inventors, 
T esla  was p ro b ab ly  b ro u g h t u p  in th a t tra d itio n . H e  s tu d ie d  eng ineering  
a t th e  G raz  Poly techn ic  in  A u s tria  a n d  c o m p le te d  h is ed u c a tio n  a t Prague 
U n iversity  a t th e  age  o f  23 , a t th e  tim e  w h en  a rc  lig h tin g  was attracting  
m u ch  a tte n tio n  a n d  E d ison  h a d  e m b a rk e d  o n  his w ell-pub lic ized  quest for 
in c a n d e sc e n t ligh tin g . T esla , w ho  was n o t re tic e n t in au to b io g ra p h ic a l m at
te rs , reca lled  o n  th e  occasion  o f  rece iv in g  th e  E d iso n  M edal in 1917 that 
a t th e  po ly tech n ic  school, o n e  o f  th e  fin e st in E u ro p e , h e  ro se  each  m orning  
a t th re e  o ’clock a n d  w o rk ed  un til e leven  in  th e  ev e n in g  fo r  a n  e n tire  year 
w ith o u t a d ay 's  e x cep tio n . H is p ro fe sso rs  a w a rd e d  his w ork  th e  highest 
d is tin c tio n s. L a te r, h e  d e m o n s tra te d  h is re m a rk a b le  s ta m in a  by outlasting 
his e m p lo y e r , E d ison , d u r in g  a n in e -m o n th  p e r io d  w h en  T esla  w orked 
fro m  h a lf-p as t ten  each  m o rn in g  u n til five th e  n ex t. T e s la  reca lled  that 
E d ison  sa id , “ I n e v e r  saw such  a th in g , you lak e  th e  ca k e .’’"

9 BokJan Slavko. Nikola Tesla und sein IVerA (LeipzigA/ienna/New York: Deutscher Verlag 
fur Jugend  und Volk. 1934); Thom as C. M artin, The Inventions, Researches, and Writings oj 
Nikola Tesla (New York: Electrical Engineer, 1894): John  J . O 'N eill, Prodigal Genius: The Lift 
of Nikola Tesla (New York: W ashburn, 1944); A. J . Beckhard, Nikola Tesla, Electrical Genius 
(London: Dobson, 1961); Inez H unt and W anetta D raper, Lightning in His Hand: The Life 
Story of Nikola Tesla (Denver: Sage Books, 1964); H. B. W alters, Nikola Tesla, Giant of Electricity 
(New York: Crowell, 1961); C. J. Bethenod, Tesla (Belgrade: Societt . . . de  I 'lnstitut Nikola 
Tesla, 1938); and M argaret Cheney. Testa: Man Out of Time (Englewood Cliffs. N.J.: Prentice- 
Hall, 1981). In 1956. the centenary of Tesla's birth , an in ternational m eeting in Belgrade was 
the occasion for publication o f Tesla's works, as well as essays about him, by the Nikola Tesla 
M useum o r Belgrade. I am indebted to Professor Carl Cham bers o f the University of Penn
sylvania. an invited participant in the meeting, for calling my a ttention to the meeting and 
its publications. A mong these are V. Popovil, R. H orvat. and N. Nikolil. comps., Nikola Tesla: 
Lectures, Patents, and Articles (Belgrade: Nikola Tesla Museum. 1956): V. Popovit, comp.. Tribute 
to Nikola Tesla: Presented in Articles, Letters, Documents (Belgrade: Nikola Tesla M useum. 1956), 
a volume that includes an extensive bibliography o f books and articles; and Nikola Tesla 

Cen,enary ° f th'  Birth of Nikola Tesla. I8 5 6 -I9 S 6  (Belgrade: Nikola Tesla Museum, 
j  i ?  hC, ' r , a,Ure ^  ,echnical.journals is extensive. Much o r  this is noted in John  R a t* *  

an1o 4 r  M nl CrSOn’ COmp5 ’ Dr m °la T' ila: Bibliography (Palo Alto. Calif.: Ragusan. 1979 
lo Tesla p  “Nik° 'a TeSl“ ’" 9 . (1944). reprin ted  in Popovit. Tribute

zsijirfis: ̂ int̂r;:;1
(hereafter cited as "Personal RecollecdnnO al’ antl N,k<llit' N,kola T,sl°' PP
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T es la  la ie r  in sisted  it was in 1877 th a t he  first d e f in e d  th e  critical p ro b lem  
w hich re su lted  in h is in v en tio n  o f  th e  p o ly p h ase  system . A s tu d e n t at G raz 
a t th a t lim e , h e  w itnessed  a p ro fe s so r  o p e ra tin g  a G ra m m e  g e n e ra to r  as a 
d .c. m o to r. T h e  sp a rk in g  fro m  th e  g e n e ra to r ’s b ru sh e s  a n d  co m m u ta to r  
was in ten se , a n d  it was a p p a re n t  to  all th a t th e se  co m p o n e n ts  w ou ld  soon  
b u rn  o u t. T h is  d e m o n s tra tio n  m o tiv a ted  T esla  to  sea rch  fo r  a de sig n  tha t 
w ou ld  e lim in a te  th e  b ru sh e s  a n d  c o m m u ta to r . (O th e r  in v e n to rs  w ho r e 
m e m b e re d  b e in g  s tim u la te d  by c lassroom  lec tu re s  o r  d e m o n s tra tio n s  to 
m ak e  th e ir  m a jo r  inven tiv e  c o n tr ib u tio n s  w ere  C h a rle s  H all, w ho iso lated  
a lu m in u m , a n d  R u d o lf  D iesel, fa th e r  o f  th e  d iesel e n g in e .)  It is no t clear 
w h e th e r  T es la  th e n  w an ted  to  d e v e lo p  a g e n e ra to r  o r  a m o to r  w ithou t a 
co m m u ta to r , o r  b o th . Five years  la te r , in  1882, a f te r  p ic tu r in g  th e  p ro b lem  
an d  possib le  so lu tio n s  in his m in d  m an y  tim es, th e  flash o f  insigh t cam e, 
T es la  reca lled , as h e  rec ited  G o e th e  w hile w alk ing  in th e  B u d ap es t City 
P ark  w ith a f r ie n d .

T esla , w ho  m e m o riz e d  “e n t i re  books"  a n d  co u ld  select “ fro m  m em o ry  
w ord  by w o rd ,"  was re m in d e d  o f  th e  fo llow ing  p a s sa g e :12 

Sie riickt und weicht, der T ag  ist uberlebt,
D on eilt sie hin und fordert neues Leben 
O  dass kein Fliigel mich vom Boden hebt,
Ih r nach und im m er nach zu streben!

Ach! zu des Geistes Fliigeln wird so leicht 
Kein korperlicher Flugel sich gesellen.

A t th a t m o m e n t in  th e  p a rk , T e s la ’s im ag in a tio n  in d e e d  so a re d : “ In  an 
in s ta n t I saw  it all, a n d  I d re w  w ith a stick o n  th e  san d  th e  d ia g ra m s which 
w ere  i llu s tra ted  in  m y fu n d a m e n ta l p a te n ts  o f  M ay, 1888.’’13 In asm u ch  as 
five fu n d a m e n ta l,  re la te d  p a te n ts  w ere issued  to  T esla  in  May 1888. th e  
d e ta il o f  his in s ig h t m u s t h ave  b een  rem ark ab le .

Five years  p assed  fro m  th e  m o m e n t o f  T e s la ’s b ra in s to rm  a n d  his a p 
p lication  fo r  th e  p a te n ts . T es la  m a in ta in s  th a t th e  vision o f  th e  m ach ines  
w ith o u t c o m m u ta to rs  re m a in e d  vivid a n d  co m p e llin g  in his m in d  d u r in g  
th a t tim e . In  essence , h e  was sea rc h in g  fo r  an  e n tire ly  new  system , fo r  his 
m o to r  w ou ld  re q u ire  a special p o ly p h ase  g e n e ra to r . In  B u d ap es t, w here  
h e  w o rk ed  as a n  e lec tric ian  fo r  th e  A u s tro -H u n g a ria n  s la te  te le p h o n e  sys
tem , his d e te rm in a tio n  to  c o n s tru c t th e  m o to r  pe rs is ted ; it a lso su rv ived  a 
m ove in 1882 to  Paris, w h e re  h e  w orked  fo r  th e  F ren ch  E dison  E lectric 
L ig h t C o m p an y , a m a n u fa c tu re r  o f  d ire c t-c u r re n t a p p a ra tu s . W hile in th e  
em p lo y  o f  F ren ch  E d ison , h e  h e lp e d  install c en tra l sta tions, o n e  o f  th em  
in S tra sb o u rg , w h e re  he  w o rk ed  fo r  two years. In  S tra sb o u rg , a cco rd in g  
to  his rem in iscen ces, he  co n s tru c te d  a m odel o f  his m o to r, bu t was unab le  
to  f ind  an y o n e  to  fu n d  its fu r th e r  d ev e lo p m en t. T h e n ,  in 1884, he  sailed 
fo r  A m erica  a n d  in N ew  Y ork  fo u n d  e m p lo y m en t in E d iso n ’s M achine

’’ "Personal Recollections," p. A I98. T he  passage is Trom Goethe's Faust, pt. I, in Goethes 
sSmlliche Werke, 36 vols., introduction by Karl Goedeke (Stuttgart: Gotta, 1867-82), 10:44-45 
(lines 719-22 and 737-38). Loosely translated it reads: "The sun sinks: the day is donc./The 
heavenly orb hastens to nurtu re  life cIsewhcrc./Alas, no wings lift me from earth/T o strive 
always to followl/. . . O h. that spiritual wings soaring so easily/Had companions to lift me 
bodily from earth ." I am indebted to Dr. Horst Daemmrich for locating this passage.

”  "Personal Recollections," p. A 198.



W orks; th e re  he w orked  tirelessly , b u t fo r  less th a n  a year. T esla  repo rts 
th a t he was d isco u rag ed  by E d ison 's  o p p o s itio n  to  a lte rn a tin g  c u r re n t,  but 
E dison 's o p p o sitio n  m ay have  b een  ind if fe ren ce , fo r  in 1884 th e re  was little 
com p e titio n  from  a lte rn a tin g  c u r re n t .  F ranc is Je h l reca lled  y ears la te r that 
T esla  d id  tell o th e rs  a t th e  E d ison  M ach ine  W orks o f  his en th u s ia sm  for 
a lte rn a tin g -c u r re n t m o to rs  w ith o u t c o m m u ta to rs .M T es la  th e n  left Edison 
a n d  w ith several financ ia l b ackers  es tab lish ed  th e  T es la  E lectric  L ight & 
M a n u fa c tu r in g  C o m p an y  o f  R ahw ay, N ew  Je rse y . A m o n g  th e  p a te n t ap 
p lications he  filed fo r his c o m p an y  in 1885 was his d e sign  fo r a co m m u ta to r 
th a t w ould  p re v e n t sp a rk in g ; he also p a te n te d  an  a rc -lig h t g e n e ra to r , a 
re g u la to r  fo r  a g e n e ra to r , a n d  an  a rc  lam p . T h is  ev id en ce  th a t T esla ’s 
c o m m itm e n t to  his co n cep t was su s ta in ed  is o f  p a r tic u la r  in te re s t because 
som e o f  his co m p e tito rs  d o u b te d  th a t he  h ad  th e  idea  fo r  an  a.c. system 
w ith an  in d u c tio n  m o to r  five years b e fo re  filing  his p a te n t a p p lica tio n s .14

T esla 's  activities a f te r  1884 fit th e  g e n e ra l p a tte rn  estab lish ed  by o ther 
p ro fessio n a l inv en to rs . H e  set u p  a co m p a n y  b e a r in g  his n am e , o n e  that 
was based  o n  his ex is ting  p a te n ts  a n d  his ideas  fo r  fu tu re  inven tions. He 
c o n c e n tra te d  on  inv en tio n s a n d  d e v e lo p m e n ts  fo r  w hich  th e re  was ready 
fu n d in g  a n d  a likely m ark e t. T h is  m ay e x p la in  w hy he  p o s tp o n e d  w ork on 
th e  p ro b lem  th a t was o f  g rea te s t in te re s t  to  h im . T h e  financ ia l backers ol 
th e  T es la  E lectric L ight & M an u fa c tu r in g  C o m p a n y  h a d  little reason  to 
invest in an  a lte rn a tin g -c u rre n t system  in 1885, fo r  a t th a t tim e  its use was 
ex p e rim e n ta l a n d  its p io n ee rs— especially  G a u la rd  a n d  G ibbs— w ere yet 
e x p e rie n c in g  n u m e ro u s  d ifficu lties. In  his c o n c e n tra tio n  o n  th e  invention 
a n d  d e v e lo p m e n t o f  m a jo r im p ro v e m e n ts  in ex is tin g  system s a n d  on  the 
so lu tion  o f  critical p ro b lem s in evolv ing  system s, T e s la  fo llow ed th e  road 
tak en  by co n te m p o ra ry  p ro fessio n a ls  like C h a rle s  B ru sh , E lm er Sperry, 
W illiam  S tan ley , E lihu  T h o m so n , F ran k  S p ra g u e , a n d  S. Z. d e  Ferranti, 
H e, as d id  they , look  th e  risk  o f  inv estin g  in a b r e a k th ro u g h  invention. 
M any rela tively  u n k n o w n  p ro fe ssio n a ls  have  b e e n  m o re  conserva tive , con
c e n tra tin g  in stead  on  in c rem en ta l im p ro v em en ts .

T e s la ’s o p p o r tu n ity  cam e in 1887, a lth o u g h  d e ta ile d  in fo rm a tio n  lo au 
th o rita tive ly  d o c u m e n t th is c ritical y ea r is lam en tab ly  lack ing . B ecause Tesla 
was an  e x p e rie n c e d  in v en to r, daily  d ia rie s , la b o ra to ry  no teb o o k s, a n d  rec
o rd s  o f  p a te n t ap p lica tio n s m ust have b een  m ad e , b u t lo  d a te , th e  scholarly 
m o n o g ra p h  th a t w ould  au th e n tic a te  his c rea tiv e  activities has not been 
w r itte n .10 T h e re fo re ,  T e s la ’s ow n sp a rse  reco llec tions, his pa ten ts , and  a 
m a jo r techn ical p a p e r  co v erin g  th e  critical p e r io d  fro m  th e  fall o f  1887 to 
th e  s p r in g  o f  1888 co n s titu te  th e  in fo rm a tio n  availab le  to  th e  h isto rian .

Tesla p u ts  it succinctly: “Early in 1885 p e o p le  a p p ro a c h e d  m e with a

1 14 n e t t w o r k s  o f  p o w e r

Gordon l-rtedlandcr, "Tesla. Krccmric Genius." IEEE Spretnim. Ju n e  1972. p. 26. Fried- 
Iniidcr relicsi cm Francis Jclil, Menlo Park Reminucences. 3 vols. (Dearborn. Mich.. Edison 
Institute, 1937—̂11).

1,1 Silva. Ferrarii. pp. 19-20.
For an example o t the help that diaries, notebooks, and o ther contem porary records 

give in establishing the history or inventive activity, see Thom as P. Hughes. Elmer Sprny- 
n T "  , 7  T r '  (Ul,l,im° rC; T hc J ol,ns Hopkins Press. 1971). T he Tesla Museum in 
the 1 ihrarl"«! r  ** * ,,a,>C,S'i son,c ol wl,irh have been micronimed and placetl on deposit in 
interest on the IHHfu"* " ,) t : . I examined the microfilm and found littlr or
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p ro p o s itio n  to  d e v e lo p  an  a rc  lig h t system  a n d  to  fo rm  a co m p a n y  u n d e r  
m y n am e . I s ig n ed  th e  co n tra c t,  a n d  a y ea r a n d  a h a lf  la te r  I was free  a n d  
in a p o sitio n  to  d ev o te  m yse lf to  th e  prac tica l d ev e lo p m e n t o f  m y m a jo r 
d iscovery . I fo u n d  financ ia l su p p o r te rs ,  a n d  in A p ril, 1887, a co m p an y  was 
o rg a n iz e d  fo r  th e  p u rp o se , a n d  w h a t has fo llow ed since is well k n o w n ."17 
In  a n o th e r  a cco u n t, h e  d a ie d  th e  fo rm a tio n  o f  th e  seco n d  co m p a n y  as A pril 
1886 a n d  re f e r r e d  to  th e  c o n s tru c tio n  o f  a la b o ra to ry .18 H is firs t tw o p a te n ts  
on  th e  a lte rn a t in g -c u r re n t  m o to r  w ere  filed on  12 O c to b e r  1887. P art 
in te re s t was a ssig n ed  to  C h a rle s  F. Peck o f  E ng lew ood , N ew  Je rse y , w ho 
p ro b ab ly  was o n e  o f  th e  financ ia l b ackers  o f  w hom  T e s la  w ro te .19 T h re e  
m o re  p a te n ts  p e r ta in in g  to  th e  system  w ere filed in N o v em b er a n d  issued  
on  1 M ay 1888, a n d  tw o w ere filed  in D ecem b er a n d  also issued  on  1 M ay.20

T h e  p a te n ts  issued  o n  1 M ay 1888 d esc rib ed  a system  fo r  th e  c o n v e rs io n , 
tran sm iss io n , a n d  u tiliza tion  o f  en e rg y . Essentia lly  th e  system  invo lved  a 
g e n e ra to r  fo r  c o n v e rtin g  m echan ica l to  e lectrical e n e rg y  a n d  a m o to r  to  
co n v e rt th e  e lec trica l en e rg y  o n ce  aga in  to  m echan ica l po w er. A cco rd in g  
to  T e s la ’s p a te n ts , th e  system  w ou ld  use h ig h  vo ltage, o r  ten s io n , fo r  t ra n s 
m ission , a n d  a m o to r  w ou ld  p ro v id e  u n ifo rm ity  o f  sp e e d  re g a rd le ss  o f  load . 
T es la  d e p ic te d  th e  ro ta tin g  m ag n e tic  fie ld  as “a p ro g re ss iv e  sh if t in g  o f  th e  
m ag n e tism  o r  o f  th e  ‘lines o f  fo rc e .’ ”2‘ A cco rd in g  to  e x p e r t  analysis o f  th e  
p a te n ts , they  co v e re d  b o th  th e  p o ly p h ase  sy n c h ro n o u s  a n d  th e  a sy n c h ro 
n ous, o r  in d u c tio n , m o to rs .22

L ike th e  id eas  o f  m an y  o th e r  in v e n to rs , T e s la ’s co n cep ts  w ere  g e o m e t
rically sym m etrica l a n d  logically  o rd e re d .  H is idea lized  im ages stim u la ted  
his c rea tiv e  en d e a v o rs . I f  th e  im ag es d id  n o t co inc ide  w ith reality , he  e n 
d e a v o re d  to  re o rg a n iz e  th e  rea l so th a t it w ou ld  a p p ro x im a te  h is ideal. T h is  
a p p ro a c h  r e q u ire d  in v en tio n . F o r  ex am p le , in th e  p a p e r  h e  p re se n te d  on  
16 M ay 1888 to  th e  A m erican  In s ti tu te  o f  E lectrical E n g in ee rs , h e  d esc rib ed  
how  g e n e ra to rs  a n d  m o to rs  w e re  a n d  how  th ey  o u g h t to  be. T h e  p o lyphase  
system  em b o d ie d  in  th e  p a te n ts  issued  to  h im  only  tw o w eeks e a r lie r  was 
“th e  o u g h t to  b e .” A s h e  w ro te  in his p a p e r , in  d ire c t-c u r re n t system s, 
a l te rn a tin g  c u r r e n ts  w e re  in d u c e d  in th e  g e n e ra to r  on ly  to  be ch a n g e d  in to

17 "Personal Recollections,” p. A 199.
10 "Address o f Acceptance," p. A 106.
10 "Electro Magnetic Motor": filed 12 October 1887; issued I May 1888 (Patent no. 381,968). 

“Electrical Transm ission of Power": filed 12 October 1887; issued 1 May 1888 (Patent no. 
382.280).

80 "Electro Magnetic Motor" (Patent no. 381,969). “Electro Magnetic Motor" (Patent no. 
382,279),and "Electrical Transm ission o f Power” (Patent no. 382,281) all were filed 30 No
vember 1887 and issued 1 May 1888. "M ethod o f C onverting and Distributing Electric C u r
rents" (Patent no. 382.282) and "System of Electrical Distribution" (Patent no. 381,970) were 
filed 23 December 1887 and issued I May 1888. T he October and November applications 
have been judged  the essential ones. See Silva, Ferraris. p. 14. T he December patents refer 
to a rotating field independent o f m otors and to transform ers of a kind no one adopted. 
Remarks o f G. Revcssi, ibid., p. 15. T he  seven applications made by Tesla (those listed in n.
19 and those listed here) were derived by him from four applications, three o f which were 
divided into two applications each. I am indebted to David Rhecs o f the University of Penn
sylvania for this information.

81 Patent no. 382,280.
98G. Rcvessi, "Galileo Ferraris e Nicola Tesla: L 'Invenzionc del motore asincrono,"Memone 

delta R. Accademia di Science Letlere ad Arli in Padova 53 (1936-37), quoted in Silva. Frrmris. 
pp. 14-15.
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Figure V.2. Tala's patent (no. 381,968) 
on the electnc transmission of power, 

I May 1888.

N E T W O R K S  o f  p o w e r

d irec t c u r re n ts  by th e  tro u b le so m e  c o m m u ta to r . A fte r  d is tr ib u tio n  to  m o
to rs , th e se  d ire c t c u r re n ts  w ere ag a in  c h a n g e d  by a c o m m u ta to r  in to  re
v ers ing  c u r re n ts  in th e  m o to r. T h is , lo  T es la , was illogical. W hy no t use 
a lte rn a tin g  c u r re n ts  th ro u g h o u t  th e  syslem , a n d  th e re b y  d isp e n se  with the 
c o m m u ta to r— “a com p lica ted  dev ice an d , it m ay be ju s tly  said , th e  source 
o f  m ost o f  th e  tro u b le s  ex p e rie n c e d  in  th e  o p e ra tio n  o f  th e  m achines"?23

H av in g  d isp en sed  w ith th e  c o m m u ta to r , T e s la  th e n  faced  th e  problem  
o f  p ro d u c in g  a ro ta tio n  o f  th e  m ag n etic  po les, an  e ffec t p ro d u c e d  in d.c. 
m o to rs  by th e  c o m m u ta to r . H e  p ro c e e d e d  in h is p a p e r— a n d  in his pa t
en ts— to desc rib e  th e  ro ta tin g  m ag n etic  field  p ro d u c e d  by ou t-o f-phase , 
a lte rn a tin g  c u r re n ts  (see Fig. V.2). U sing  a se ries  o f  d ia g ra m s  to  illustrate 
his po in ts, he  show ed  th a t a g e n e ra to r  a rm a tu re  revo lv ing  w ith in  a m agnetic 
field  in d u ced  w ith in  its seg m en ts  a m ag n e tic  field  th e  po la rity  o f  which 
ro ta te d  a ro u n d  th e  segm en ts . T h e n ,  T es la  to ld  h is au d ie n c e — a n d  th e  pat
e n t ex a m in e r— th e  ro ta tin g  field caused  th e  sam e effec ts  as a ro ta tin g , or 
w h irling , m ag n e t. O n e  such  e ffec t, long  o b se rv ed  by e lec tric ians , was that 
an  iro n  o r  steel d isc p laced  in th e  vicinity o f  a ro ta tin g  p e rm a n e n t m agnet 
w hirled  sym pathe tica lly ; th e  sam e th in g  h a p p e n e d  w h en  a m etallic  disc was 
b ro u g h t in to  th e  Held o f  action  o r  th e  ro ta tin g  e le c tro m a g n e t. In  th e  latter 
case a m agnetic  field  was in d u ced  in th e  disc by th e  ro ta tin g  e lec trom agnet

”  Nikola Tesla, “A new System of A lternate C urren t Motors and T ransform ers." a paper 
read before the A1EK on If. May IHRH and published in AI EE Transactions. 5 (1888): »08-
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a n d  th e  c o n seq u en t reac tio n  be tw een  th e  sw irling  m ag n etism  ol th e  e lec
tro m a g n e t a n d  th e  m ag n e tized  d isc ro ta te d  th e  disc.

T o  tra n sm it en e rg y , T es la  ra n  c o n d u c to rs  fro m  slip  rin g s co n n e c te d  to 
th e  seg m en ts  o f  th e  g e n e ra to r 's  a rm a tu re  (ro ta tin g  m e m b er) to  (n o n sp a rk 
ing) slip  rin g s c o n n e c te d  to  th e  seg m en ts  o f  th e  s ta to r  (sta tio n a ry  m em b er) 
o f  a m o to r. T h e  s ta to r  o f  th e  m o to r, th e n , h ad  w ith in  its seg m en ts  th e  sam e 
revo lv ing  field  as th e  g e n e ra to r  a rm a tu re .  T h e  m o to r  a rm a tu re  ( ro to r) 
th e n  e x p e rie n c e d  th e  in d u c e d  c u r re n t a n d  m ag n etism . B ecause o f  th e  slight 
lag  in  ph ase , a to rq u e  was d ev e lo p ed . The lag o r  s lip p ag e  gave th e  m o to r  
an  a sy n c h ro n o u s  c h a ra c te r ;  th e  ro to r ’s sp eed  was less th a n  th a t o f  th e  
revo lv ing  m ag n e tic  fie ld  o f  th e  s ta to r. T esla  also d esc rib ed  a sy n c h ro n o u s  
m o to r  th a t u sed  d ire c t c u r r e n t  to  p ro d u c e  th e  m ag n etism  in th e  f ie ld .21

T w o  fu n d a m e n ta l ideas  w ere  s tressed  by T esla  in his d e sc r ip tio n  o f  a 
p o ly p h ase  m o to r  system — th e  e lim in a tio n  o f  th e  c o m m u ta to r  a n d  th e  use 
o f  a ro ta tin g  m ag n e tic  fie ld . H ow ever, G alileo  F e rra r is  m ay have  conceived  
o f  th e  ro ta tin g  m ag n e tic  fie ld  b e fo re  T esla  d id . T h e  co n tro v e rsy  a m o n g  
s u p p o r te rs  o f  th e  S e rb ian  T es la  a n d  th e  I ta lian  F e rra r is  has no t e n d e d  a n d  
is n o t likely to  be re so lv ed .25 T es la 's  tes tim o n y  th a t he h ad  th e  idea  o f  the  
revo lv ing  fie ld  in  1882 is n o t s u p p o r te d  by d is in te re s te d  w itnesses o r  by 
c o n te m p o ra ry  pub lica tio n s, a n d  F e r ra r is ’s claim  th a t h e  d isco v ered  th e  
ro ta tin g  m ag n e tic  fie ld  (in 1885) was n o t su b s ta n tia te d  by lec tu re  o r  p u b 
lication  un til M arch  188 8 ,26 m o n th s  a f te r  T es la  filed fo r  his p a ten ts .

T h e  c ircu m stan ces  s u r ro u n d in g  F e r ra r is ’s d iscovery  a re  in te re s tin g  as a 
case o f  c o n v e rg in g  scien tific  a n d  techno log ica l in fluences. As is th e  case 
w ith so m an y  in v en tio n s, F e rra r is ,  a p ro fe s so r  o f  physics a t th e  U niversity  
o f  T u r in ,  d isco v e red  th e  ro ta tin g  m ag n e tic  field  by ana logy . F u r th e rm o re , 
his d iscovery  cam e  fro m  a co n v e rg e n c e  in his m in d  o f  techno log ica l an d  
scien tific  in fo rm a tio n . E x tra p o la tin g  fro m  his e x p e rim e n ts  w ith a lte rn a tin g -  
c u r r e n t  tra n s fo rm e rs ,  he re a so n e d  th a t if  two s im ple, h a rm o n ic , equa l 
o p tical m o tio n s  w ith  a p h a se  d iffe re n c e  o f  o n e -q u a r te r  p ro d u c e d  c ircu la r 
m o tio n , th e n  tw o sim ilarly  o u l-o f-p h a se  elec tric  c u r re n ts  a n d  th e ir  accom 
p a n y in g  m ag n e tic  fie lds w ou ld  p ro d u c e  a ro ta tin g  m ag n etic  field . These 
th o u g h ts  w ere  p ro b ab ly  s tim u la ted  as well by his aw areness  o f  M axw ell’s 
e le c tro m a g n e tic  th e o ry .27

F e rra r is  d id  b u ild  an  o p e ra t in g  m o to r , b u t h e  d id  n o t becom e in te re s ted  
in p a te n tin g  his in v en tio n  un til th e  W estin g h o u se  C o m p an y  p e rsu a d e d  him  
to  allow  it to  tak e  o u t an  A m erican  p a te n t so th a t th e  d iscovery  cou ld  be 
m a d e  u sefu l. F e r ra r is ’s c o m p en sa tio n  fro m  W estin g h o u se  was a gift o f  
$1 ,000 . E s tab lish ing  p a te n t p r io r ity  h e re  is co m plica ted  because  o th e r  in 

14 Patent no. 382,281 describes one motor element magnetized by a.c. current, the other
■■element" draw n by d.c. current.

9*See Silva. Ferraris, p. 4; and the extensive publications about Tesla cited in n. 9 above.
9*T he 1885 models (dated by Ferraris) are in the Istituto Eleltrotecnico Naiionale in T urin.

Silva, Ferraris, p. 3. T he  March lecture was published: sec Galileo Ferraris, "Kotazinui elri-
irodinam icbe prod otic per mezzo di corrcnti alternate," Atti delTAccadrmta delie Snenie di Torino
23 (1887-88): 360 ff.

97 See the rem arks made by R. Arn6, a pupil o f Fcrraris's, in "Commemorazione solennc
di Galileo Ferraris . . . ." L'Elettrotecnica 9 (1922): 517, quoted in Silva, Ferraris, p. 2; and
Sylvanus P. Thom pson, "Galileo Ferraris," The Electrician 38 (1897): 497, also quoted in Silva.
Ferraris, p. 2.
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Figure V.3. Three-phase (polyphase) 
transmission system of Friedrich 

llasetwander: C = generator; M = 
motor. From Offizicllc Zcimng . . . 

Frankfurt am Main 1891. p. I I .

ven to rs  co n s tru c ted  m o to rs  a n d  took  o u t p a te n ts  ab o u t th e  sam e lim e that 
T esla  ap p lied  lo r  his p a te n ts  a n d  F e rra r is  p u b lish ed  his discovery . As sug
gested  e a rlie r, th e  sim u ltan e ity  re su lted  in p a r t  fro m  th e  fact th a t inventors 
at th a t tim e w ere e x p e r im e n tin g  w ith, o r  w ere in fo rm e d  ab o u t, th e  advances 
b e in g  m ad e  in th e  a l te rn a tin g -c u r re n t system . T h e y  w ere fam ilia r w ith the 
m ost recen t im p ro v em en ts  in tra n s fo rm e rs  a n d  a.c. g e n e ra to rs , a n d  they 
saw fu r th e r  im p lica tions in th e  new  p h e n o m e n a  o b se rv ed . T h e y  w ere like 
e x p lo re rs  in a new  lan d  w ho w itness p rev iously  u n o b se rv ed  even ts  and 
d iscover u n ta p p e d  reso u rces . In  th e  case o f  in v en to rs , th e  new  even ts  and 
re so u rces  a ro se  fro m  th e  in v en tio n s  a n d  d e v e lo p m e n ts  o f  o th e r  pioneers 
on  th e  lead in g  ed g e  o f  tech n o lo g y  a n d  science. T h e se  p io n e e rs  in electrical 
techno logy  w ere n o t lonely  in v en to rs  lab o rin g  in in te llec tua l isolation.

In  J a n u a ry  1887 F ried rich  A ugust H ase lw an d e r , an  e n g in e e r  in O ffen- 
b u rg , B aden , saw th e  possibility  o f  su b s titu tin g  slip  rin g s fo r th e  three- 
section  co m m u ta to r  o f  a d .c. T h o m so n -H o u s to n  a rm a tu re  h e  was repa iring . 
H e rea lized  th a t on  bo th  m o to r  a n d  g e n e ra to r ,  slip  rin g s w ould  allow the 
use o f  a lte rn a tin g  c u r r e n t  ra th e r  th a n  d ire c t c u r re n t .  S u b seq u en tly  he ap 
p lied  fo r  a p a te n t on  bo th  tw o -p h ase  a n d  th re e -p h a se  system s with tran s
fo rm ers  cap ab le  o f  h ig h -v o ltag e  tran sm iss io n . (See Fig. V .3.) In  August 
1887 h e  s ta r te d  co n s tru c tin g  a g e n e ra to r  w ith th re e -p h a s e  w indings, and 
in O c to b e r  1887 he p u l it to  w ork  su p p ly in g  ligh ts. T h e  m an u fac tu rin g  
co m p an y  o f  W. L a h m ey er & Co. o f  F ra n k fo r t  on  th e  M ain took  ou t a 
license on  H a se lw a n d e r’s p a te n t,  b u t it was su b seq u en tly  d ec la re d  invalid 
w hen  c h a llen g ed  by a n o th e r  m a n u fa c tu re r ,  A EG  (G e rm a n  G en e ra l Elec
tric). A n o th e r  p io n e e r  in e lectrical technology ' in  1887 was th e  A m erican
C. S. B rad ley , w ho ap p lied  fo r a p a te n t on  a p o ly p h ase  g e n e ra to r  and  a 
sy n ch ro n o u s  m o to r  on  8 M arch  1887. S u b seq u en tly , h o w ev er, th e  courts 
ru led  th a t T esla  h ad  p r io r ity  o v e r th e se  tw o in v e n to rs  b ecause  o f  th e  com 
p le ten ess  a n d  fu llness o f  his p a te n t .ZB

T h e  nam es o f  T esla , F e rra ris , H ase lw an d e r, a n d  B rad ley  d o  no t exhaust 
th e  list o f  in v en to rs  a n d  scien tists w ho m ad e  p r io r ity  cla im s o r  c o n tribu tions 
to  th e  in v en tio n  o f  th e  po ly p h ase  m o to r  a n d  th e  re la te d  g e n e ra to r  and 
transm ission  system .251 In  re tro sp e c t,  h ow ever, it a p p e a rs  th a t F e rra ris  sub
s tan tia ted  his claim  fo r p rio rity  in d e m o n s tra tin g  th e  id ea  u n d e rly in g  the 
in v en tio n  o f  a ro ia tin g -m ag n e iic -fie ld  system ; th a t T e s la  m ad e  th e  First 
successful p a te n t app lica tio n ; th a t F e rra r is  first public ly  an n o u n c e d  (by 
lec tu re) th e  inv en tio n  o r  d iscovery ; a n d  th a t H a se lw a n d e r  a n d  Bradley 
built th e  first full-scale po ly p h ase  g e n e ra to rs . N ev e rth e le ss , th e  develop
m en t o f  an  econom ica l po ly p h ase  system  co m p rised  o f  b o th  m o to r  and 
g e n e ra to r  was no t ca rr ie d  ou t a lo n e  by any  o f  th e se  in v en to rs . Electrical 
m a n u fa c tu re rs  w ould  take th e  lead  in tha t en d e a v o r .

By 1900 th e  la rg e r  m a n u fa c tu re rs  h ad  se ttled  on  a th re e -p h a se  system 
w ith an  in d u c tio n  m o to r. I he m a n u fa c tu re r  m ost resp o n sib le  fo r the  dc-

n,r En,wicMu»R <i'T Starkstromtechmk in Deutschland (Berlin: ETZ Vcrlag.
I >10). |»|). <>7-69; Siemens, Home of Siemens, t: 122; and A nion Schwaiger. "Geschichle des 
Drch.siroms, / echmkgrsrhichtr 28 ( 1039): 53-54

See Silva, Ferratis pp. 10 and 26. and Schwaiger. "Geschichle des Drehsiroms." for the 
'  I"1* “!. • ‘" cludl"K Flil,u T im nson . W. Baity, and M. Dcprez. Sylvanus P. Thompson.
Polyfihase F.lectnc Currents and Alternating Current Motors (London: E. Sc F.N. Spon. 1895) also 
is helpful. Silva s Fena, is ,m imics a bibliography related to the priority question.
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v e lo p m en l o f  th is system  in E u ro p e  ( a n d  p robab ly  in th e  rest o f  th e  w orld) 
was th e  G e rm a n  co m p a n y  A llg em ein e  E lek iriz iia ts-G ese llschafi. o f  B erlin , 
a n d  th e  e n g in e e r  o f  th is c o m p a n y  w ho  look  th e  lead  in d e v e lo p in g  th e  
system 's m o to r  was M ichael D o livo-D obrow olsky  (1862—1919). L e a rn in g  o f 
th e  d iscoveries  a n d  in v en tio n s  o f  T es la  a n d  F e rra r is  th ro u g h  p u b lica tions. 
D o livo-D obrow olsky  b eg an  e x p e r im e n tin g  w ith p o ly p h ase  m ach ines . H e 
d o u b te d  F e r ra r is ’s s ta te m e n t th a t th e  p o ly p h ase  m o to r  co u ld  o b ta in  at best 
on ly  50  p e rc e n t e ffic iency , a n d  his e x p e rim e n ts  p ro v ed  th a t h e  was rig h t. 
H e  also  q u e s tio n e d  T e s la  a n d  W estin g h o u se ’s cho ice  o f  a tw o -p h ase  system ; 
th o ro u g h ly  in v es tig a tin g  d if fe re n t p h ase  system s w ith an  e x p e rim e n ta l m o 
to r , h e  d ec id ed  o n  th e  th re e -p h a se  a r ra n g e m e n t ,  w hich h e  gave th e  nam e  
now  used  in  G e rm a n y , Drehslrom  (“ tu rn in g , o r  ro ta tin g , c u r re n t" ) . In  a d 
d itio n , h e  p a te n te d  th e  s im p lest a n d  m ost p rac tica l in d u c tio n , o r  a sy n 
c h ro n o u s , m o to r  w ith a sh o rt-c irc u ite d  ro to r , a m o to r  th a t has b een  w idely 
u sed  a n d  co p ied . It is in te re s tin g  to  n o te , how ever, th a t in his la te r  years 
h e  d ev e lo p ed  a d ire c t-c u r re n t  h ig h -v o ltag e  tran sm issio n  sy stem .30

In  th e  U n ite d  S ta tes , th e  W estin g h o u se  C o m p an y  invested  in th e  d ev e l
o p m e n t o f  th e  T es la  p o ly p h ase  m o to r  a n d  tran sm issio n  system . T h is  is not 
su rp r is in g , c o n s id e r in g  th a t th e  W estin g h o u se  C o m p a n y -T e s la  re la tio n 
sh ip  was m u ch  like th a t be tw een  W estin g h o u se  a n d  W illiam  S tan ley . B oth  
show  how  m a n u fa c tu re rs  re la te d  to  in d e p e n d e n t in v en to rs  b e fo re  cngi- 
n e e r in g -a n d -d e v e lo p m e n t  d e p a r tm e n ts  a n d  re se a rc h -a n d -d e v e lo p m e n t  
lab o ra to rie s  w e re  o rg a n iz e d .

W estin g h o u se  first se n t H . M. B yllesby to  ex am in e  T e s la ’s m o to r  a n d  
p a te n ts  a f te r  T e s la  re a d  his p a p e r  to  th e  A IE E  in M ay 1888. A dvised  by 
his s ta f f  th a t th e  F e rra r is  p a te n t w ou ld  have  little value, G eo rg e  W esting- 
ho u se  o b ta in e d  an  o p tio n  to  p u rc h a se  th e  p a te n ts  by p ay m en t o f  $20 ,000  
in cash , $ 5 0 ,0 0 0  in  no tes , a n d  a roya lty  o f  $2 .5 0  fo r  each  m o to r  h o rsep o w er 
m anu fac tu red . M in im um  royalties w ere to  be $5,000 in th e  first year, $10,000 
th e  seco n d , th e n  $ 1 5 ,0 0 0  each  su cceed in g  year. W estin g h o u se  p u rc h a se d  
th e  p a te n ts  in Ju ly  1888. W h en  W estin g h o u se  was in d ire  financial s tra its 
in th e  1890s, h o w ev er, T es la  a g re e d  to  accep t a cash s e ttlem en t o f  $216 ,000  
in lieu o f  royalties. B an k e rs  believed  th a t th is w ould  place less s tra in  on  
th e  c o m p a n y .31 Y ears la te r, T es la  d id  n o t c o n s id e r  his c o m p en sa tio n  g e n 
e ro u s  e n o u g h . T ry in g  in 1920 to  in te re s t E. M. H e rr , p re s id e n t o f  W est
in g h o u se , in  his w ireless p o w er-lran sm issio n  system , T esla  w ro te  th a t he 
was read y  to  sell th e  system , p ro v id e d  “y o u r c o m p an y  is w illing to  com e to

30"Dolivo-Dobrowolsky," in Manner der Teehnik, ctl. Conrad Malschoss (Berlin: VDI. 1925): 
and Dcllmar, Starkslromtechnik, pp. 70-71. It is not surprising lhal in 1957 a G erman profes
sional association, ihc Verband D eulscher Elcktrotechniker (VDE) categorized Dolivo-Do
browolsky with Ferraris, Tesla, Bradley, and Hasclwandcr as an inventor o f the three-phase 
system. T he  VDE committee, which was especially commissioned to investigate and establish 
priority in the invention o f the system, also included the Swede Jonas W cnstrom and the 
Swiss Charles E. L. Brown among its inventors. W enstrom's work is discussed in Ake Vrethem, 
Jonas Wenstrom and the Three-Phase System, Stockholm Papers in History and Philosophy of 
Technology (Stockholm: Royal Institute o f Technology, 1980).

51 Letter o f G. W cstinghouse, quoted in Passer, Electrical Manufacturers, p. 278. This account 
of W estinghousc's relationship with Tesla is based 011 Passer (ibid., pp. 278 II.). who had 
access to W estinghousc Co. files; and 011 Cheney, Tesla, pp. 40 and 48-19. Cheney gives the 
original purchase price as about $60,000, of which $5,000 was to l>c paid in cash and 150 
shares o f stock plus the $2.50 royalty.
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an  u n d e rs ta n d in g  with m e o n  te rm s  dec id ed ly  m o re  g e n e ro u s  th a n  those 
u n d e r  which they  a c q u ire d  m y system  o f  p o w er tran sm issio n  th irty  years 
ago.*"*2 T es la  believed  th a t th e  success o f  W estin g h o u se  E lectric  was due 
to  his in v en tio n  o f  th e  p o ly p h ase  system .

As p a r t  o f  th e  a g re e m e n t in 1888, T es la  w o rk ed  in  P ittsb u rg h  fo r  a year 
w ith W estin g h o u se  e n g in e e rs  to  d ev e lo p  a m a rk e ta b le  m o to r  a n d  system. 
H is re la tio n s w ith th e  W eslin g h o u se  s ta f f  w ere  n o t en tire ly  ha rm o n io u s, 
how ever, a n d  like S tan ley , h e  soon  r e tu rn e d  to  his in d e p e n d e n t inventive 
e n d eav o rs . T esla  la te r  reca lled  th a t h e  e n c o u n te re d  m u ch  opp o sitio n  in 
P ittsb u rg h ; on ly  A lb e rt S ch m id t a n d  C h a rle s  F. S cott h a d  fa ith  in th e  new 
system  a n d  assisted  h im . T es la  be lieved , h ow ever, th a t G eo rg e  W esting- 
h o u se ’s co n fid en ce  in h im  n e v e r  w av e red .33

O th e r  co m p an ie s  in th e  U n ited  S ta les a n d  G erm an y , in c lu d in g  th e  S tan
ley E lectric M a n u fa c tu r in g  C o m p an y  a n d  th e  T h o m so n -H o u s to n  C om 
pany , c o n tr ib u te d  lo  th e  d e v e lo p m e n t o f  th e  p o ly p h ase  sy stem .34 It is no
tab le  th a t th e  B ritish  sto o d  aside. As o n e  B ritish  h is to r ia n  w rites, “T he 
po ly p h ase  system  a n d  th e  in d u c tio n  m o to r  w e re  d e v e lo p e d  in th e  U nited 
S lates a n d  on  th e  C o n tin e n t.” E nglish  e n g in e e rs  a n d  m a n u fa c tu re rs  “look 
no  p a r t  in  th is .”35

T h e  in tro d u c tio n  o f  th e  p o ly p h ase  m o to r  a n d  system  in th e  early  1890s 
a n d  th e  e a r lie r  in tro d u c tio n  o f  th e  t ra n s fo rm e r ,  w hich  was soon  adap ted  
to  po ly p h ase  fu n c tio n , p e rm itte d  th e  a l te rn a t in g -c u r re n t  system  to  match 
th e  capacity  o f  th e  o ld e r , d ire c t-c u r re n t system  in su p p ly in g  bo th  power 
a n d  ligh t. F u r th e rm o re ,  th e  po ly p h ase  system  c o rre c te d  th e  fu ndam en ta l 
flaw, o r  rev e rse  salien t, o f  d ire c t c u r r e n t— its u n eco n o m ica l transm ission. 
“T h e  ba ttle  o f  th e  system s” was n o t yet o v er, h ow ever. E x isting  direct- 
c u r r e n t  u tilities in dense ly  p o p u la te d  a rea s  c o n tin u e d  to  e x p a n d  to  meei 
load  increases. T h e ir  u n a m o rtiz e d  in v es tm en t in d ire c t c u r r e n t  was so large 
th a t it d isco u rag ed  re p la c e m e n t w ith a p o ly p h ase  system . I f  th e  utilities 
su p p le m e n te d  th e  ex is tin g  d ire c t-c u r re n t syslem  w ith an  ad d itio n a l and 
u n c o n n e c te d  p o ly p h ase  syslem , they  w ou ld  lose th e  a d v an tag es  o f  scale of 
a sing le  system . F u r th e rm o re ,  G en e ra l E lectric , S iem ens, A E G . an d  the 
sm a lle r B ritish  eq u ip m e n t m a n u fa c tu r in g  co m p an ie s  re m a in e d  partially 
co m m itted  to  d ire c t c u r re n t th ro u g h  cap ita l in v es tm en ts  in p a te n ts , equip
m en t, a n d  o p e ra tin g  facilities as well as in e x p e rie n c e  a n d  e x p e rtise . Because 
o f  th e ir  ex p e r ie n c e  a n d  ex p e rtise , E dison , o th e r  e n g in e e rs  a n d  m anagers, 
a n d  skilled lab o re rs  w ere biased  to w ard  th e  o ld e r  system . T ech n ica l change 
was f ru s tra te d  by th e  in stitu tio n a liza tio n  o f  d ire c t c u r r e n t  d u r in g  th e  p re 
vious decad e . M an u fa c tu re rs , u tilities, a n d  c o n su m e rs  w ailed  cau tiously  for 
th e  lines o r  fu tu re  d e v e lo p m en t to  be clearly  d e lin e a te d .

B ecause th e  ba ttle  o f  th e  system s" h ad  becom e fa r  m o re  com plicated 
th an  a techn ical p ro b lem  aw aiting  a s im p le  techn ica l so lu tio n , it ended

" T e s la  to E. M. H err. 19 October 1920. Tesla Collection, Microfilm. Title 7229, Keel 6. 
Library o f Congress. W ashington. D.C.

a ,a irm :' n ° r ‘be W estinghouse Electrical Sc M anufacturing Co.,
15 April 1922. ibid.

" P h il ip  L. Alger and Robert E. Arnold. "T he History o f Induction Motors in America."
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w ith o u t th e  d ra m a tic  v an q u ish in g  o f  o n e  system  by th e  o th e r ,  o r  a rev o 
lu tio n a ry  tran s itio n  fro m  o n e  p a ra d ig m  to a n o th e r . T h e  conflic t was r e 
so lved  by syn thesis , by a c o m b in a tio n  o f  c o u p lin g  a n d  m erg in g . The c o u 
p lin g  look  p lace on  th e  techn ica l level; th e  m erg in g , o n  th e  in s titu tio n a l 
level. T h e  ba ttle  e n d e d  w ith a rela tively  g en tle  tran s itio n  w h ereb y  th e  o ld e r  
system  slowly gave way o v e r  decad es, f irst as th e  new  system  su p p le m e n te d  
it, th e n  as th e  new  re p la c e d  th e  w o rn -o u t a n d  obsolete . O n  th e  in s titu tio n a l 
level, vested  in te re s ts  w ere  g rad u a lly  t r a n s fe r re d  in to  a s take  in th e  new  
system . T h e  h is to ry  o f  th e  reso lu tio n  o f  " th e  ba ttle  o f  th e  c u r re n ts "  h e lps  
explain  why en g in ee rs  a n d  m anagers  a rg u e  th a t th e ir  ad ju stm en ts  to  change  
a re  m o re  rea so n ab le  th a n  th o se  m ad e  in th e  rea lm  o f  po litical a n d  in te r 
n a tio n a l re la tions.

T ech n ica l re so lu tio n  o f  th e  co n tro v e rsy  was g rea tly  facilita ted  by c o u 
p le rs , o r  tra n sd u c e rs . T h e  m ost obviously  co n tr ib u to ry  o f  th e se  was th e  
ro ta ry  co n v e rte r . H is to rie s  o f  e lec trica l tech n o lo g y  ra re ly  g ive th e  device 
th e  place o f  p ro m in e n c e  it d eserv es. B ecause th e  ro ta ry  c o n v e r te r  was th e  
so lu tio n  to  a critical p ro b lem  d e f in e d  by a n u m b e r  o f  in v e n to rs  a n d  e n 
g in e e rs  w ho id en tif ie d  a rev e rse  sa lien t, it, too , is a case o f  sim u ltan e ity  o f 
invention. T h e  reverse  salient was econotechnical— the  need  to sustain vested 
in te re s ts  in  th e  o ld  system  w hile m ak in g  th e  tran s itio n  to  th e  new .

In  th e  U n ited  S ta tes , in v en tio n  o f  th e  ro ta ry  c o n v e rte r  is a ttr ib u te d  to 
C h a rle s  S. B rad ley . B rad ley  h a d  w orked  fo r  E dison  a n d  in v en ted  a po ly
ph ase  g e n e ra to r  b e fo re  es tab lish in g  a fac to ry  at Y onkers, N ew  Y ork , early  
in  th e  1890s to  m a n u fa c tu re  th e  c o n v e r te r  h e  in v en ted  in 1888. G en e ra l 
E lectric  soon  a c q u ire d  th e  B rad ley  p a te n t a n d  facilities.30 T h e  W estin g 
ho u se  E lectric  C o m p a n y  d e v e lo p e d  ro ta ry  co n v e rte rs  as w ell.37 In  1891 
W ilhelm  L a h m e y e r  (1 8 5 9 -1 9 0 7 ) , in v e n to r  o f  v arious d ire c t-c u r re n t m a
ch ines, in tro d u c e d  a ro ta ry  c o n v e r te r  w ith a sing le  a rm a tu re  fo r ch an g in g  
d ire c t c u r r e n t  firs t in to  p o ly p h ase  a n d  th e n  th e  reverse . H ase lw an d e r, 
w hose p o ly p h ase  system  L a h m e y e r’s c o m p an y  a cq u ired , also p a te n te d  a 
ro ta ry  co n v e rte r . Z ip ern o w sk i a n d  D eri o f  G anz & C o m p an y  took  o u t a 
G e rm a n  p a te n t. O th e r  n am es  also a re  re c o rd e d  in th e  h is to ry  o f  th e  ro ta ry  
c o n v e r te r .38

S in g le -a rm a tu re  ro ta ry  c o n v e rte rs  w ere u sed  fo r  o th e r  a n d  v aried  t ra n s 
fo rm a tio n s , in c lu d in g  freq u en cy  a n d  ph ase  conversion . M o to r-g en e ra to rs  
a lso w ere  u sed  fo r  co n v e rsio n ; th e  m o to r, d riv en  by o n e  k ind  o f  c u r re n t, 
d ro v e  a g e n e ra to r  th a t p ro d u c e d  a n o th e r  k ind . T h e  h igh ly  im p o rta n t a d 
v an tag e  o f  th is capac ity  fo r  con v e rsio n  was th a t v arious o ld  system s, not 
on ly  a.c. a n d  d .c., c o u ld  be co u p led , o r  syn thesized , w ith new  ones. F or 
e x am p le , in an  e f fo r t  to  save th e  investm en t o f  u tilities in s ing le -phase  
a l te rn a tin g -c u r re n t e q u ip m e n t, W eslin g h o u se  first in tro d u c e d  a tw o-phase  
m o to r, believ ing  th a t it cou ld  be acco m m o d a ted  to  th e  s ing le -phase  system  
m ost easily. S u b seq u en tly  th e  tw o-phase  m o to r  was ab a n d o n e d  in favo r o f

"* Passer, Electrical Manufacturers, pp. 3 00 -301.
17 Benjamin G. Lammc, an outstanding Weslinghousc inventor and engineer, has recalled 

the early decades of the company and his contributions to it in ttenjamtn Carver l.amme, Electrical 
Engineer: An Autobiography (New York: Putnam, 1926); chap. 6 is al>oul induction motors, 
rotary converters, and a.c. generators tl8H.r>-l900).

”  Deltmar. Starkstromtechnih, pp. 74-76.
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Figure V.4. Westinghouse exhibit, 
Chicago, 189). From Edward D. Adonis, 

Niagara Power: History of the Niagara 
Falls Power Company. 2 i/oh. (Niagara 

Falls, N.Y.: Niagara Falls Power Co., 
1927), 2: 192.

th e  th re e -p h a se  a r ra n g e m e n t,  b u t, ag a in , a c o u p le r  (in th is  case a phase- 
co n v e rte r)  saved  th e  o ld  system  d u r in g  th e  p e r io d  o f  tra n s itio n .

T h e  varie ty  o f  co u p le rs  on  th e  m ark e t by th e  ea rly  1890s su g g ested  the 
n eed  fo r a u n iversa l e lectric  su p p ly  system , a n d  even  th o u g h  it is rarely 
ack n o w led g ed , th e  d e fin itio n  a n d  in tro d u c tio n  o f  th a t system  p ro v e d  to  be 
o n e  o f  th e  m ost in flu en tia l inn o v a tio n s in th e  h is to ry  o f  e lec tric  ligh t and 
pow er. T h e  co n cep t oT a u n iv ersa l system  c o m p le te d  th e  tran s itio n  from  
th e  e ra  o f  elec tric  light to  th e  e ra  o f  e lec tric  ligh t a n d  po w er. W estinghouse 
d isp layed  th e  system  at th e  C h icago  e x p o s itio n  o f  1893, a n d  th e  design 
(seen  in Fig. V .4) can be a ttr ib u te d  to  th e  e n g in e e r in g  s ta f f  o f  th a t com 
p an y .39 T h e  essence  o f  th e  co n cep t was a u n ified  system  em b rac in g , o r 
cou p lin g , g e n e ra to rs  (supply) a n d  loads o f  va ry in g  cha rac te ris tic s  (dem and). 
T h e  system  was capab le  o f  su p p ly in g  in c a n d e sc e n t lam ps, a rc  ligh ts, direct- 
c u r re n t  m o to rs  fo r  bo th  s ta tio n a ry  a n d  trac tio n  p u rp o se s , sing le-phase 
a lte rn a tin g -c u r re n t m o to rs , p o ly p h ase  m o to rs , a n d  e n e rg y  fo r  therm o- 
electrical a n d  e lec tro ch em ica l uses fro m  a co m m o n  tran sm issio n  line or 
rin g  fed by c en tra liz ed , large-scale  g e n e ra to rs . (See Figs. V .5 -V .8 .)  Its a t
trac tiveness  to  th e  o rd e r in g  a n d  sy stem atiz in g  m in d  o f  th e  e n g in e e r  and 
m a n a g e r  can  best be co nveyed  by d esc rib in g  th e  unsy stem a tized  a n d  dis-

'"T liis  account of the universal system is based on the "Scott Essays," a collection of short 
essays written by Charles F. Scott in 1938. T he collection consists of eight items, each of which 
is about ten pages long. Scott, who was a W cstinghouse engineer from 1888 to 1911. Tocuses 
on the introduction of the universal system at Niagara Falls, but he also makes some general 
observations on the history of electric light and power prior to 1895. 1 am grateful to Robert 
Bel field for providing me with a copy o f these papers, which he located in the archives ol 
the Niagara Mohawk Power Co. of New York; these archives are now being processed at thr 
George Arcnts Research Library at Syracuse University (hereafter cited as Niagara Archives).



Figure V.5. The Westinghouse concept of 
a universal supply system. From Cassicrs 

Magazine 8 (1895): 338.
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Figure V.6. Comparison of electric power 
systems. From typewritten memorandum by 
Charles F. Scott, 'W hat Was the Niagara 

Central Station P lant" (5 April 1938). 
Courtesy of the Niagara Archives, George 

A rents Research Library, Syracuse 
University, Syracuse, N.Y.
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Figure V.7. Nonuiiiversal electric supply 
system of 1890. From typewritten 

memorandum by Charles /•'. Scott, "Wliat 
Was the Niagara Central Station Flan?" 
(5 April 19)8). Courtesy of the Niagara 

Archives, George Arcnts Research Library, 
Syracuse University, Syracuse, N.Y.

Figure V.8. The Niagara (universal) 
power plan. From typewritten memorandum 

by Charles F. Scott, "What Was the 
Niagara Central Station Plan?" (5 April 
1938). Courtesy of the Niagara Archives, 
George Arents Research Library, Syracuse 

University, Syracuse. N.Y.
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o rd e rly  sta te  o f  e lec tric  su p p ly  ai th e  tim e  o f  th e  in tro d u c tio n  o f  th e  u n i
versal system  (abou t 1893). T h e  B u ffa lo  G en e ra l E lectric  C o m p an y , a utility  
s u p p ly in g  p a r t  o f  th e  city f ro m  a c e n tra l s ta tio n  at 40  C o u r t S tree t, h ad  in 
th a t sta tio n  seven  steam  en g in es  o f  severa l m akes a n d  f ifteen  g e n e ra to rs  
o f  seven  d if fe re n t  types su p p ly in g  five d if fe re n t k inds o f  cu s to m ers , o r 
loads, o n  se p a ra te  c ircu its . F ra g m e n te d  su p p ly  m e a n t th a t w hen  th e  eco 
nom ically  c ritical load  fac to r was low, eco n o m ies o f  scale co u ld  no t be 
rea lized .40

T h e  u n iv ersa l system  show n  at th e  C h icago  ex p o sitio n  used  th e  new 
po ly p h ase  c u r r e n t  fo r  tran sm iss io n  a n d  co u p le rs , in c lu d in g  t ra n s fo rm e rs , 
to  c o n n ec t es tab lish ed  m o d es o f  d is tr ib u tio n  se rv in g  d if fe re n t loads. In  this 
way a u tility  w ou ld  n o t have  to  sc ra p  its ex is tin g  d is trib u tio n  c ircu its. At 
th e  ex h ib itio n  a 1 ,000 -h .p . g e n e ra to r  d ro v e  a tw o-phase  T esla  in d u c tio n  
m o to r. T h e  m o to r  in th e  d isp lay  was in te n d e d  to  re p re s e n t th e  p r im e  m over 
o f  th e  u n iv ersa l system . T h e  m o to r  p o w ered  a tw o-phase  g e n e ra to r ,  w hich 
in tu rn  sen t c u r r e n t  to  s te p -u p  tra n s fo rm e rs  fo r  tran sm issio n  a n d  to  step - 
dow n  tra n s fo rm e rs  a t d is tr ib u tio n  p o in ts . A t th e se  p o in ts  a m o to r  d ro v e  
an  a rc -lig h t g e n e ra to r ,  a ro ta ry  c o n v e r te r  su p p lie d  d ire c t c u r r e n t  fo r  s tre e t
ca r  m o to rs , in ca n d e sc e n t lam p s  w ere  su p p lie d , a n d  v arious m o to rs  w ere 
d riv en . In v e n to rs  a n d  e n g in e e rs  w ho saw o r  read  a b o u t th e  d isp lay  quick ly  
g ra sp e d  th e  s ig n ifican ce  o f  th e  un iv e rsa l system .

O n e  o f  th e  c re a to rs  o f  th e  un iv ersa l e lec tric  su p p ly  system  d rew  an  a n a l
ogy b e tw een  it a n d  w a te r-su p p ly  system s, w hich co m b in ed  sp rin g s , p riv a te  
wells, a n d  c is te rn s  to  su p p ly  v a rio u s types o f  c o n su m ers ; te le p h o n e  system s, 
w hich u n ified  th e  fo rm e rly  iso la ted  system s o f  in d e p e n d e n t co m pan ies; 
a n d  la rg e  railw ay  system s, w hich  in te g ra te d  sm a lle r o n es th a t h ad  used  
s h o r t  ro a d s  w ith d if fe re n t  track  gauges. (In  m o re  recen t tim es, c o m p u te r  
ne tw o rk s w ou ld  be  c o n s id e re d  a n a lo g o u s.)  U tilities soon  em b ra c e d  th e  c o m 
p ellin g  eco n o m ic  a n d  techn ica l logic o f  th e  u n iv ersa l system  (see Fig. V.9). 
By 1900, te chn ica l perio d ica ls  w ere  p u b lish in g  accoun ts  o f  u tility  system s 
th ro u g h o u t  th e  w orld  th a t h a d  u sed  th e  un iversa l system  to m ak e  the  
tran s itio n  to  th e  e ra  o f  e lec tric  ligh t a n d  p o w er.41 E ven ea r lie r ,  lead in g  
m a n u fa c tu re rs  h a d  c o m m itted  them selves as well to  th e  new  re so lu tio n  o f  
“th e  ba ttle  o f  th e  sy stem s.”

It is im p o r ta n t to  observe , how ever, th a t th e  s tru g g le  b e tw een  th e  two 
system s d id  n o t co m e to  an  e n d  w ith th e  d e v e lo p m e n t o f  a technical so 
lu tio n — co u p le rs  jo in in g  th e  o ld  a n d  new ; it cam e with th e  in tro d u c tio n  o f  
in s titu tio n a l in v en tio n s  th a t in tu rn  reso lved  th e  conflic t on  th e  o rg a n iz a 
tiona l level (a con flic t so c learly  revea led  in th e  ep iso d e  involv ing  H aro ld  
B row n  a n d  th e  e le c tro c u tio n e r’s cu rre n t) .  In  th e  U n ited  S lates th e  sw ing 
o f  E d ison  G en e ra l E lectric  to  th e  new  way s igna led  th e  reso lu tio n  o f  the  
system s conflic t on  th e  in stitu tio n a l level. T h e  reasons fo r  th e  sh ift w ere 
com plex . F o r o n e  th in g , T h o m a s  E dison , a b it te r  foe o f  th e  new  c u r re n t 
w ho h ad  s u p p o r te d  e ffo r ts  to  d isc red it a n d  outlaw  it, re lin q u ish ed  con tro l 
o f  th e  E dison  e n te rp r is e s  in th e  late 1880s. In  th e  absence  o f  his m o n u 

40Charles F. Scon, "VVIiat Was the Niagara Central Station Plan?" (5 April 1938). Niagara 
Archives.

41 W. L. R. Emmet, “Results Accomplished in Distribution of Light and Power by Alternating 
Currents." Electrical World 27 (1896): 570-72. 593-96.
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Figure V.9. Resolution and transition in 
■•the halite of the systems": I'ercentage of 

dnret current (Gleiclislrom). mixed 
(Gcmiscluc), single-phase alternating 

current (Wcchsclslroin), and polyphase 
current (Drehsirom) used in Germany, 
I.‘ISO-1915. From Rudolf von Millers 

article in Technikgeschicllte 25 (1936): 
112 Courtesy of thc Division of Electricity, 

National Museum of American History, 
Smithsonian Institution, Washington, D.C., 

and Rudolf von Miller.

m en ta l p re s tig e  a n d  co n serv a tiv e  in flu en ce , E dison  G e n e ra l E lectric’s dog 
m atic o p p o s itio n  to  a lte rn a tin g  c u r re n t  w an ed . E d iso n 's  w ith d raw al also 
c lea red  th e  way fo r a m e rg e r  w ith th e  T h o m so n -H o u s to n  C o m p an y , a rising 
m a n u fa c tu re r  o r  electrical m a ch in e ry  th a t c a rr ie d  a line o f  b o th  d irec t-  and 
a lte rn a tin g -c u r re n t eq u ip m e n t. A fte r  th e  m e rg e r  in 1892, th e  new  com 
pany . G en e ra l E lectric, in tro d u c e d  e q u ip m e n t fo r  p o ly p h ase  system s. A n
o th e r  o rg an iza tio n a l re sp o n se  am o n g  m a n u fa c tu re rs  cam e  in 1896 in the 
fo rm  o f  a p a te n t-e x c h a n g e  a g re e m e n t b e tw een  G e n e ra l E lectric  a n d  W est
in g h o u se . T h e  en g in e e rs  in each  c o m p an y , a n d  especially  th e  e n g in ee rs  in 
th e  utilities w ho b o u g h t g e n e ra to rs , m o to rs , a n d  t ra n s fo rm e rs  fro m  them , 
h ad  fo u n d  th e  p ro sc r ip tio n  o f  obv ious im p ro v e m e n ts  a g g ra v a tin g  an d  they 
w elcom ed th is facilita tion  o f  ra tio n a l te chn ica l ex ch an g e .

T h e  d e v e lo p m e n t a n d  in tro d u c tio n  o f  p o ly p h ase  p o w er also affected  
re la tio n s am o n g  G e rm a n  m a n u fa c tu re rs , b u t in a d if fe re n t  fash io n . In 1887 
S iem ens Sc H alske a n d  th e  G e rm a n  E dison  C o m p a n y  (la te r  A EG ) m ade  an 
a g re e m e n t based  on  th e  assu m p tio n  th a t A EG  w ou ld  e n g a g e  p rim arily  in 
th e  F inancing an d  co n s tru c tio n  o f  la rg e  g e n e ra tin g  s ta tio n s  a n d  related 
system s a n d  th a t S iem ens Sc H alske w ou ld  m a n u fa c tu re  th e  eq u ip m e n t for 
those sta tions. T h e  a g re e m e n t no  lo n g e r  su ited  A E G , how ever, a f te r  it 
fo u n d  th a t G e rm a n  cities a n d  tow ns o f te n  p re fe r r e d  to  estab lish  th e ir  own 
m un ic ipa lly  o w n ed  utilities a n d  a l te r  it d e v e lo p e d  a p o ly p h ase  p o w er system 
d esig n ed  p r im arily  by D olivo-D obrow olsky . F o re see in g  a su b stan tia l busi
ness in th e  m a n u fa c tu re  o f  p o w cr-tran sm iss io n  e q u ip m e n t, A EG  w anted 
lo  be free  o f  th e  ag re e m e n t in o rd e r  to  e s tab lish  its ow n  facilities. In  1894, 
two years a f te r  Edison  G en e ra l E lectric  jo ined  w ith T lio m so n -H o u s lo n , a 
m e rg e r  th a t facilita ted  th e  m ove in to  th e  m a n u fa c tu re  o f  a lte rn a tin g -c u r
re n t eq u ip m e n t, AEG  a n d  S iem ens can ce led  th e ir  a g re e m e n t an d  AEG 
g a in ed  full f re e d o m  (w ith th e  ex cep tio n  o f  cab les, w hich  w ere  left to  Sie
m ens Sc H alske) to  d ev e lo p  its m a n u fa c tu r in g  p ro g ra m .-l2

In bo th  th e  U n ited  S tates an d  G e rm a n y  th c  stock  o f  a n u m b e r  o f  electric 
u tilities was o w ned  by th e  la rg e  m a n u fa c tu re rs , a n d  th e  utilities d ep en d ed  
u p o n  th e  m a n u fa c tu re rs  fo r th e  d e sig n  a n d  d e v e lo p m e n t o f  equ ipm en t. 
1 bus, th e  u tilities also so u g h t in stitu tio n a l a r ra n g e m e n ts  th a t w ould  facil
ita te  th e  ad o p tio n  o f  th e  m a n u fa c tu re rs ’ techn ica l so lu tio n  to  th e  systems 
conflict. F o r in stance , th e  h is to ry  o f  u tilities in C h icag o  reveals th a t the

«  Von Siemens, House of Siemens, I: 148; and Conrad Maischoss, “Die geschichlliche Em- 
wicklung dcr A llgcinrinen Elekiricitais-Gejcllschafi in den ersien 25 Jah ren  ihres Bestehens." 
neitrdgr m r Cesrhichte der 1 echnik und Industrie I ( 19 0 9 f»0.

Auflwkng dv Abgobt ron Qcfdiffrom , WethftJfbom cn d  Dreh/trom
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o rg an iza tio n a l re sp o n se , o r  in v en tio n , th e re  was m e rg e r . Early  d ire c t-c u r 
re n t sta tio n s w ith fran ch ise s  co v e rin g  sm all c en tra l-c ity  d is tric ts  m erg ed . 
P o lyphase  tran sm iss io n  allow ed fo r  la rg e -a rea  su p p ly , so th e  a lte rn a tin g -  
c u r r e n t  utilities su p p ly in g  th e  su b u rb s  m e rg e d  in to  new  o rg a n iz a tio n s  w ith 
th e  in te n tio n  o f  g a in in g  th e  e n tire  u rb a n  m ark e t. T h e  se ries  o f  m e rg e rs  
th a t o c c u rre d  in A m erica  a n d  G erm an y , a n d  to  a lesser e x te n t in B rita in , 
a re  d o c u m e n te d  in n u m e ro u s  u tility  h is to ries .43

A g re e m e n t a b o u t techn ica l s ta n d a rd s  also c o n tr ib u te d  to  th e  re so lu tio n  
o f  “th e  b a ttle  o f  th e  system s” a n d  th e  e s ta b lish m e n t o f  th e  p o ly p h ase , o r 
un iv e rsa l, system . D u r in g  th e  p e r io d  fro m  1887 to  1892, w h en  th e  s tru g g le  
was in ten se , u tilities  a n d  m a n u fa c tu re rs  chose  d if fe re n t  f req u en c ie s . D e
p e n d in g  u p o n  th e  p a r tic u la r  c h a ra c te r  o f  su p p ly  a n d  load , d if f e r e n t  f r e 
q u en c ie s  h a d  d is tin c t a d v an tag es . T h e re fo re ,  a g e n e ra l a g re e m e n t ab o u t 
f req u en cy  d id  n o t co m e th ro u g h  th e  estab lish m en t o f  o n e  fre q u e n c y ’s o b 
v ious techn ica l su p e r io r ity  o v e r  th e  o th e rs ;  ra th e r ,  a sp irit o f  flexibility  a n d  
co m p ro m ise  a m o n g  th e  v a rio u s utility  in te re s ts , a n d  especially  a m o n g  the 
m a n u fa c tu re rs , was p r im a rily  re sp o n sib le  fo r  th e  a g re e m e n t. O th e r  im 
p o r ta n t fac to rs  w ere  p re c e d e n t a n d  successfu l p rac tice— e.g ., E d iso n ’s in 
tro d u c tio n  o f  1 10 a n d  22 0  volts fo r  p o w er d is tr ib u tio n  in th e  U n ited  States.

45 Utility histories vary greatly in quality. O utstanding am ong them are Forrest McDonald. 
Let There Be Light: The Utility Industry in Wisconsin, 1881-1955 (Madison. Wis.: T he American 
History Research C enter, 1957), a study by a leading American historian which treats Wis
consin utilities and provides an overview o f utility history that is applicable to the entire 
country; Raymond C. Miller. Kilowatts at Work: A History o f the Detroit Edison Company (Detroit. 
Mich.: Wayne State University Press, 1957) and The Force o f Energy: A Business History o f the Detroit 
Edison Company (East Lansing: Michigan State University Press, 1971), two scholarly volumes 
about two utility magnates who greatly influenced the industry, Alex Dow and Walker L. 
Cisler; and Nicholas B. W ainwrighl, History of the Philadelphia Electric Company, 1881-1961 
(Philadelphia: Philadelphia Electric Co.. 1961), an account o f one o f America's largest and 
oldest utilities. An overview o f utility developm ent is given in Creating the Electric Age. ed. Nilo 
Lindgrcn, a special issue o f EPR1 Journal 4 (1979). Histories o f other utilities include Charles 
M. Coleman, P.C. and E. of California: The Centennial Story of Pacific Gas and Electric Company, 
1852-1952  (New York: McGraw-Hill. 1952); Glenn Weaver. The Hartford Electric Light Company 
(H artford, Conn., 1969); Thom son King. Consolidated of Baltimore, 1816-1950: A History of 
Consolidated Gas Electric Light and Power Company of Baltimore (Baltimore, 1950); Jack Riley, 
Carolina Power Id Light Company, 1908-1958  (Raleigh. N.C.. 1958), Wade H. Wright. History 
of the Georgia Power Company, 1855-1956  (Atlanta, 1957); George Bush, Future Builders: The 
Story of Michigan's Consumers Power Company (New York: McGraw-Hill, 1973); Edward G. 
Nelson, KPL in Kansas: A History of the Kansas Power and Light Company (Lawrence, Kans.: 
Center for Research in Business. University o f Kansas. 1964); John  Dierdorff, How Edison's 
Lamp Helped Light the West (Portland. O reg., 1971); Thom as C. Wright, Otter Tail Power Company 
from Its Origin through 1954 (Fergus Falls, Minn., 1955): Howard R. Fussell, A History of Gulf 
States Utilities Company, 1912-1947 (Houston: Texas G ulf Coast Historical Assoc., 1967); H er
bert W. Meyer. Builders o f Northern Slates Power Company (Minneapolis, Minn.: N orthern Slates 
Power Co., 1972); Indianapolis Power 8c Light Co., Electrifying Indianapolis (lndiana|>olis, Ind., 
I960).

Georg Boll. Entsteliung und Entwichlung des Verbundbetriebs in tier deutschen Elehtriiilatswirtschaft 
bis turn europaischen Verbund (Frankfort on the Main: VWEW, 1969), includes in his list of 
sources many histories o f  German utilities. T he history of electric supply in the state o f Bavaria 
is given in V erband Bayerischcr Elektrizitiitswerke E. V.. Elehlriiildt in Bayern, 1919-1969  
(Munich: VBE, 1969). For British utilities, sec Leslie H annah. Electricity Before Nationalisation 
(Baltimore: T he  Johns Hopkins University Press. 1979), with its citation of num erous utility 
histories; and Parson, Early Days o f the Power Station Industry, which provides accounts of British 
utilities up  to about 1900. O ther references to utilities discussed throughout the book in hand 
are provided in the footnotes; see, especially. Chapters VII, V III. and IX.
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T h e se  historical c ircu m stan ces a n d  ev en ts  o u g h t lo  be re m e m b e re d  because 
la te r  g e n e ra tio n s  o f te n  a ssu m e  th a t s ta n d a rd s  necessarily  re p re se n t the 
c lea r techn ica l su p e r io r ity  o r  o n e  syslem  o v e r a n o th e r .

D u rin g  th e  early  years o f  a lte rn a tin g  a n d  p o ly p h ase  c u r re n ts ,  133 '/i, 125, 
83% , 66% . 60, 50, 40, 30 , a n d  25 cycles w ere u sed .44 D esigners  a n d  en 
g in ee rs  chose th e  freq u en cy  th a t was o p tim u m  fo r  th e  p a r tic u la r  set of 
ch a rac te ris tics  c re a te d  by th e  co u p lin g  o f  in can d escen t lam ps, tran sfo rm ers , 
arc  ligh ting , in d u c tio n  m o to rs , sy n c h ro n o u s  c o n v e rte rs , o r  o th e r  ap p a ra tu s . 
B ecause d esig n  o f  th is e q u ip m e n t was ch an g in g  ra p id ly , how ever, an  al
read y  co m plex  s itu a tio n  b ecam e m o re  co m p lica ted . In  A m erica , th e  en 
g in e e r in g  s ta ff  o f  th e  W estin g h o u se  C o m p an y  p layed  a lead in g  ro le  in 
d isp e llin g  th e  d iso rd e r ;  they  a tte m p te d  to  ra tio n a lize  p ro d u c tio n  by s tan d 
ard iz in g  freq u en cy . F reed o m  to  d ec id e  on  a s ta n d a rd  freq u en cy  was con
stra in e d  by th e  fact th a t a la rg e  n u m b e r  o f  W estin g h o u se -d es ig n ed  cen tral 
s ta tio n s w ere su p p ly in g  in can d escen t lam ps w ith 60  cycles, b u t th e  d ie  was 
n o t cast. T h e  W eslin g h o u se  d e s ig n e rs  a lso took  in to  acco u n t th e  sp read  of 
th e  slo w er-rp m , d irec tly  co u p led  ( ra th e r  th a n  b e lt-d riv en ) g e n e ra to rs  that 
h ad  first b een  in tro d u c e d  in E u ro p e . T h e  slow er g e n e ra to r ,  o r  a lte rn a to r, 
was less com plex  w hen  d es ig n ed  fo r  low er f re q u e n c ie s  su ch  as 60  cycles 
because  few er field  po les w ere n e e d e d  fo r  th e m  th a n  fo r  h ig h e r  frequencies 
such  as 133%  cycles. Yet o th e r  d es ig n e rs  a d v o ca ted  a h ig h  freq u en cy  be
cause it re d u c e d  in can d escen l-lam p  flickering . T h e  d e v e lo p m e n t o f  a syn
ch ro n o u s  c o n v e rte r  th a t o p e ra te d  well at 60  cycles e n c o u ra g e d  su p p o rte rs  
o f  th is f req u en cy  because  u tilities co u ld  co u p le  ex is tin g  sin g le -p h ase  sys
tem s, d ire c t-c u r re n t system s, a n d  th e  p o ly p h ase  e x te n s io n s  a n d  transm is
sion ne tw orks. T h is  ability  to  co u p le  th e  o ld  w ith th e  new  lessened  su p p o rt 
fo r 40  cycles, a freq u en cy  th a t h ad  b een  a d v o ca ted  by so m e  because  o f  its 
su itab ility  fo r m o to rs  a n d  tran sm issio n . D esign  o f  u n p re c e d e n te d ly  large 
eq u ip m e n t fo r a N iag a ra  Falls in sta lla tion  also sh a p e d  th e  u lt im a te  decision. 
G eo rg e  F o rbes, c h ie f  co n su ltin g  e n g in e e r  fo r  th e  N iag a ra  site , p roposed  
16% cycles, b u t W estin g h o u se  en g in e e rs  th e n  w an ted  3 3%  cycles. T h e  
relatively  low freq u en c ie s  w ere well su ited  lo r  p o w er tran sm issio n . T h e  
m id p o in t o f  th is p a r tic u la r  d iffe re n c e  was 25 cycles. By a b o u t 1900, W est
in g h o u se , th e  o th e r  m a n u fa c tu re rs , a n d  th e  u tilities w ere  se ttlin g  fo r two 
s ta n d a rd s : 25 cycles fo r  tran sm issio n  a n d  fo r  la rg e  m o to rs , a n d  60  cycles 
fo r th e  m o re  g e n e ra l-p u rp o se  system s. In tro d u c tio n  o f  th e  h ig h -sp eed  tu r 
b ine  as p rim e  m o v er acce le ra ted  th e  t re n d  to w ard  60  cycles because  gen 
e ra to rs  w ith few er po les cou ld  be u sed  th a n  w ith th e  s low -m oving , recip
ro ca tin g  s team  en g ines . A W estin g h o u sc  e n g in e e r  w ho took  p a r t  in the 
technical activity su rro u n d in g  th e  freq u en cy  q u es tio n  to o k  pa in s  to  point 
o u t th a t th e  s tru g g le  to  set s ta n d a rd s  was no t a c o m p e titio n  betw een  m an
u fa c tu r in g  in te re sts , as was th e  case w ith m any  issues d u r in g  “th e  battle  of 
th e  system s ; ra th e r ,  it was an  e f fo r t  by techn ica l p e rso n s  lo  Find a m eans 
lo  re in fo rce  an  a ll-em brac ing , g en e ra l system  o f  su p p ly . T h e  battle  was 
in d eed  o v e r.45

In  G e rm an y  th e  decision  on  a s ta n d a rd  freq u en cy  m ay have  been  less

imoBCcAmm t ; ' “ , he Technical Story ol ihc Frequencies." IEEE Transactions 37
(1918): 60.

” Ibid.. d. 82.
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d ifficu lt to  reach  because  A E G , sp u r r e d  by Em il R a th en au , e n c o u ra g e d  
th e  u se  o f  th e  s lo w er-sp eed , d irec tly  co u p led  g e n e ra to rs  f ro m  w hich h igh  
freq u en c ie s , such  as 133'/s cycles, w ere d ifficu lt to  ob ta in  a n d  because 
s y n c h ro n o u s  co n v e rte rs , fo r  w hich low freq u en c ie s , such  as 25 cycles, w ere 
m ost su itab le , h ad  n o t b een  w idely a d o p te d . T h e  o u tco m e  in G e rm a n y  was 
a s ta n d a rd  o f  50 cycles.

T h e  s itu a tio n  in B rita in  re m a in e d  d iso rd e rly . T h e  ten d en cy  b e fo re  W orld  
W ar I was to w ard  v a ria tio n , n o t s ta n d a rd iz a tio n . L o n d o n  led th e  t re n d ; by 
1914, a t least ten  d if fe re n t f req u en c ie s  a n d  a b ew ild e rin g  a sso rtm e n t ol 
vo ltages w ere  in u se  in th a t city. R easons fo r th e  varie ty  in c lu d ed  th e  absence 
o f  o ligopo ly  in th e  e lectrical m a n u fa c tu r in g  in d u s try  a n d  th e  p re s tig e  and  
in flu en ce  o f  th e  c o n su ltin g  e n g in e e rs .46 O n e  B ritish  m a n u fa c tu re r  co m 
p la in ed  th a t his c o m p e tito rs , c o n fid e n t th a t in d iv id u a lism , n o t business 
o p p o r tu n ism , ch a ra c te r iz e d  p ro fe ssio n a l c o m p e ten ce , c a rr ie d  in d iv id u a l
ism  in th e  d esig n  o f  e q u ip m e n t to  an  e x tre m e . H av in g  a h igh ly  •particu
la rized  d es ig n  seem ed  to  show  th a t th e  m a n u fa c tu re r  a n d  his d esig n ers  
w ere “e n g a g e d  in a s u p e r io r  b ra n c h  o f  a p p lie d  science, n o t in an  in d u stry , 
still less in  a t r a d e .”47 R. E. B. C ro m p to n , a sm all m a n u fa c tu re r  a n d  lead ing  
co n su ltin g  e n g in e e r , la m e n te d  th a t th e  co n su ltin g  e n g in e e rs  w ith th e ir  d e 
sign  fads; th e  m u n ic ip a l g o v e rn m e n ts  th a t em p lo y ed  th em  a n d  took  p rid e  
in hav in g  th e ir  ow n id eas  a b o u t how  “sw itch b o ard s a n d  o th e r  p lan t . . . 
s h o u ld  be d o n e ” ; a n d  th e  sm all m a n u fa c tu re rs , w ho w ere c o n ten t to  have 
a sm all o rd e r  fo r  in d iv id u a l c o m p o n e n ts , r e ta rd e d  n o t on ly  th e  m ove fo r 
s ta n d a rd iz a tio n  b u t th e  o vera ll g ro w th  o f  th e  B ritish  e lectrical su p p ly  in 
d u s try .48 A n e x c e p tio n  to  th is  ru le  was th e  system  o f  elec tric  su p p ly  on  th e  
n o r th e a s te rn  coast o f  E n g la n d , w h e re  C h a rle s  H . M erz, co n su ltin g  en g i
n e e r , was th e  p r im a ry  in f lu e n c e  on  th e  d esign  o f  a reg io n a l system  (see 
pp . 4 4 3 -6 0  below ). M erz s ta n d a rd iz e d  40  cycles in th e  reg io n  c e n te re d  
a ro u n d  N ew castle  u p o n  T y n e . H is re a so n in g  was logical a n d  system atic, 
fo r  h e  look  in to  a cco u n t th e  charac te ris tic s  o f  th e  reg io n . H is ra tiona lity  
p ro v ed  ex p en siv e , h ow ever, w h en  a f te r  W orld  W ar 1 his system  h ad  to  be 
in te g ra te d  at g re a t cost in to  an  a ll-B ritish  o n e  in  w hich 50 cycles was th e  
s ta n d a rd  f re q u e n c y .49

A b o u t th e  sam e tim e  th a t U.S. a n d  G e rm a n  u tilities a n d  m a n u fa c tu re rs  
w ere  reo rg a n iz in g  to  facilita te  th e  in tro d u c tio n  o f  th e  un iversa l e lectric  
p o w er system  a n d  th e  a d o p tio n  o f  s ta n d a rd s , a n o th e r  m a jo r ad v a n ta g e  o f  
th e  p o ly p h ase  system  was d e m o n s tra te d . A d isp lay  o f  p o w er transm ission  
a t th e  In te rn a tio n a l E lectrical E x h ib ition  in F ra n k fo rt  o n  th e  M ain in 1891 
show ed  n o t on ly  th e  p o ten tia l o f  u sin g  d is ta n t w a te r-p o w er sites to  su p p ly  
electric ity  to  heav ily  p o p u la te d  in d u s tr ia l a rea s  b u t also th e  su itab ility  o f  
p o ly p h ase  system s fo r  lo n g -d is tan ce  po w er transm ission . T h e  F ra n k fo r t 
ex h ib itio n  h ig h lig h te d  th e  possib ilities o f  w hat cam e to  be know n as “po in l-

4*Sec Chapter IX Tor a full discussion o f British parochialism.
" A d a m  G. W hyte, Forty Years of Electrical Progress: The Story o f G.E.C. (London: Bonn, 

1930), p. 20.
"  Crom pton's testimony, in Official Report: Committee on Electrical Legislation 1901, IEEE  

Reports and Resolutions, pp. 36, 43, 47: sec also Alderman Pearson's testimony before the 
committee, ibid., pp. 83-84, 89.

49Charles II. Mcrz, "Autobiography," chapter entitled "Cork," pp. 7-9, Merz ic McLellan 
Co. Archives, Amhcrlcy, Killingworlh, near Newcastle upon Tyne, England.
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Figure V.IO. Honorary (hainnrn of llir 
Frankfort exhibition of 1891: Adalbert von 

Waltenhofrn and Thomas Edison (lop): 
Marcel Drl>rrz (ccnlcr); Silvanus P. 

Thompson (boliom left), and Werner win 
Siemens (Ix)iloni right). Von Waltrnhofrn 
was professoi of electrical technology at llu 

Tcchnische Hochschule hi Vienna. 
From OffizicMe Zeiiung . . . Frankfurt 

am Main 1891, p. 828.

to -p o in t"  tran sm iss io n , as d is tin g u ish e d  fro m  tran sm iss io n  by way o f  ne t
w orks o r  rings. T h e  L a u ffe n -to -F ra n k fo rt  tran sm iss io n  line, 175 km. in 
len g th , is an  exce llen t ex am p le  o f  p o in t- to -p o in t tran sm iss io n ; th e  regional 
p o w er system s o f  th e  1920s a re  ex am p le s  o f  n e tw o rk  o r  r in g  transm ission  
(see C h a p te r  X II b e lo w ).'0

T h e  F ra n k fo r t exh ib itio n  was a sk irm ish  in " th e  ba ttle  o f  th e  system s.” 
In  1890 th e  city o f  F ra n k fo rt h ad  to  d ec id e  o n  a c u r r e n t  fo r  its m unicipal 
electrical works. C ologne's choice o f  a lte rn a tin g  c u rre n t shortly  before  made 
th e  selection  m o re  d ifficu lt, fo r, u n til th e n , n o  la rg e  G e rm a n  city h ad  op ted  
fo r a lte rn a tin g  c u r re n t.  T h e  e lectrical e n g in e e rs  w ho w ere  b ro u g h t in as 
co n su ltan ts  c o u ld  n o t save th e  m u n ic ip a l a u th o rit ie s  o f  F ra n k fo rt  from  a 
decision  by m ak in g  a c lear-cu t re c o m m e n d a tio n  in th e  face o f  viable a lter
natives. T h e  issue a ssu m ed  th e  p ro p o r tio n s  o f  a b a ttle  fo r  th e  city o f  Frank-

In a lecture given at the Frankfort exhibition, Sylvanus P. T hom pson judged  the power 
transmission display a major scientific event o r the century. “Das neue Cebiet der Wechsel- 
si t ome," Offizielle Zritung der Inlernntionalen Ausstcllung Frankfurt am Main 1891. p. 788
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Figure V.1I. Charles E. L. Brown. 
Courtesy of Brown, Boven id  Co., Baden, 

Switzerland.

fo ri as it e n g u lfe d  en g in e e rs , m a n u fa c tu re rs , a n d  w ell-in fo rm ed  b u rg h 
ers .51 L eopold  S o n n em an n , a b an k er, politician, a n d  fo u n d e r  o f  the  Frankfurter 
Zeitung, th e n  su g g es ted  th a t th e  co n tro v e rsy  be reso lved  by h o ld in g  an 
e lec tro tech n ica l ex h ib itio n  in w hich  th e  advoca tes  o f  a lte rn a tin g  c u rre n t 
co u ld  d e m o n s tra te  th e  m ost recen t adv an ces in th e ir  system s.

A y o u n g e r  g e n e ra tio n  o f  e n g in e e rs  a n d  d e s ig n e rs  c o n tr ib u te d  su b s ta n 
tially to  th is e x h ib itio n . P ro m in e n t a m o n g  th em  w ere O sk a r  von M iller, 
C h a rle s  E u g en e  L an ce lo t B row n , a n d  M ichael D olivo-D obrow olsky . A p e r 
sis ten t vision o f  h a rn e s s in g  th e  w a te r po w er o f  th e  A lp ine  reg io n  o f  his 
B avarian  h o m e la n d  s tim u la te d  von M iller; B row n  b ro u g h t to  th e  exh ib itio n  
th e  m echan ica l g e n iu s  o f  th e  Swiss, w ith w hom  his fa th e r , an  English  e n 
g in e e r , h a d  se ttled  a n d  w ith w hom  h e  h im se lf  w o rk ed ; a n d  D olivo-D ob- 
row olsky was in ten se ly  invo lved  in d e v e lo p in g  p o ly p h ase  m a ch in e ry . B e
h in d  B ro w n  was th e  Swiss m e c h a n ic a l-e n g in e e r in g  m a n u fa c tu r in g  firm  of 
M asch in en fab rik  O e rlik o n , a n d  su p p o r t in g  D olivo-D obrow olsky  was the 
B erlin  e lec trica l m a n u fa c tu re r  AEG .

In  1882 von M iller h a d  h e lp e d  o rg a n iz e  an  electrical e x h ib itio n  in his 
b ir th p lace , M u n ich . O n  th a t o ccasion , he  show ed  his d e te rm in a tio n  to  m ake 
p o w er tran sm iss io n  a rea lity  by a r r a n g in g  fo r  th e  lead in g  F ren ch  e n g in e e r , 
M arcel D ep rez  (1 8 4 3 -1 9 1 8 ) , to  de sig n  a p o w er tran sm iss io n  system  e x 
te n d in g  57 k ilo m e te rs  fro m  th e  village o f  M iesbach, a t th e  foo t o f  th e  
B avarian  A lps, to  th e  ex h ib itio n  in M u n ich 's  G lass Palace. In  th e  palace 
itse lf  an  e lec tric  m o to r  p u m p e d  a w ate rfa ll to  sym bolize th e  transm ission  
o f  w a te r po w er. D e p re z  u sed  d ire c t c u r r e n t  fo r  tran sm issio n , as h e  h ad  in 
o th e r  d e m o n s tra tio n s , a n d  o rd in a ry  te le g ra p h y  w ire  fo r  th e  h igh -vo ltage  
tran sm issio n  lin e .52 (See Figs. V .12  a n d  V .13.)

V on M iller lo o k ed  u p o n  in te rn a tio n a l techn ica l exh ib itio n s as an  effective 
m ean s o f  in tro d u c in g  new  tech n o lo g y  to  a w ide e n g in e e r in g  a n d  business 
a u d ien ce . H e  w an ted  a d ra m a tic  new  tech n o lo g y  to  be th e  c en te rp iece  o f  
each  e x h ib itio n . A t M u n ich  a n d  F ra n k fo r t  he chose  p o w er transm ission ; 
w hen  c o n su lte d  ab o u t th e  p la n n in g  o f  th e  C h icago  E xh ib ition  o f  1893, he  
r e c o m m e n d e d  as th e  h ig h lig h t o f  th e  ex h ib itio n  th e  e lec trifica tion  o f  a 
lon g -d is tan ce  ra ilro a d  r u n n in g  o u t o f  C hicago .

In  1890 von M iller, w ho  h e a d e d  his ow n co n su ltin g  e n g in e e r in g  firm  in 
M un ich  a n d  h a d  b e e n  n a m e d  techn ica l d ire c to r  o f  th e  p ro p o se d  F ran k fo rt 
e x h ib itio n , called  a p la n n in g  session  to  discuss th e  lo n g -d is tan ce  tran sm is
s ion. P re sen t a t th e  m e e tin g  w ere  rep re se n ta tiv e s  o f  M asch in en fab rik  O e r 
likon , w hose d ire c to r , P. E. H u b e r-W e rd m iille r ,  was an  en th u sia stic  su p 
p o r te r  o f  th e  p ro jec t; A EG , w hose d ire c to r , Em il R a th e n a u , was a g ra d u a te  
o f  th e  Z urich  Eidgendssischen Polytechnikum  ( techn ical h ig h e r  school), as was 
H u b e r-W e rd m iille r ;  a n d  a c em en t w orks a t L au ffen , on  th e  N eck a r R iver, 
w h e re  von M iller h a d  recen tly  co m p le ted  a h y d ro e lec tric  in sta lla tion . T h e  
tw o m a n u fa c tu re rs  a g re e d  to  d ev e lo p  a n d  su p p ly  po ly p h ase  e q u ip m e n t,

11 Von Siemens, House of Siemens, I: 120.
**On the Munich electrical exhibition o f 1882 and Dcprez and von Miller's power trans

mission display, see Offizieller Bericht uber die im KonigHchrn Glaspalaste zu Miinchen 1882 . . . 
Internationale ElektriziUits-Ausstellung, ed. W. von Beetz. O. von Miller, and F.. PIciffer (Munich: 
Autoiypie Vcrlag, 1882).
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Figure V .I2. Artificial Munich waterfall 
driven by power from Miesbach, 57 

kilometers away. From Offiziellcr Berichl 
. . . Miinchcn 1882. p. 105.

Figure V .I3. Direct-current motor 
driving the pump for waterfall at the 

Munich exhibition of 1882 (Miesbach-to- 
Munich power transmission syslem designed 

by M. Deprez). From Offizieller Bcrichi 
. . . M unchcn 1882. p. 104.
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a n d  th e  c e m e n t w orks a g re e d  to  allow  its su rp lu s  p o w er to  be tra n sm itte d  
o v e r th e  1 7 5 -k ilom eter line  to  F ra n k fo r t .53

In  J a n u a ry  1891 C h a rle s  E. L. B row n , w ho was techn ica l d ire c to r  o f  the 
e lectrical m ach in e ry  section  o f  M asch in en fab rik  O e rlik o n , p ro v id ed  the 
techn ica l com m ission  o f  th e  F ra n k fo rt  ex h ib itio n  w ith ev id en ce  th a t a h igh- 
vo ltage  p o w er tran sm issio n  w ou ld  p ro v e  successfu l. A t th e  O e rlik o n  p lan t 
he  set u p  a la b o ra to ry  lest u n it  to  p ro v e  th a t th e  use o f  o il-in su la ted  t ra n s 
fo rm e rs  s te p p e d  u p  vo ltage  to  4 0 ,0 0 0  volts, th a t his tran sm issio n  line in 
su la to rs  co u ld  fu n c tio n  w ith vo ltage  o f  such  e x tra o rd in a ry  in tensity , a n d  
th a t s te p p e d -d o w n  tra n s fo rm e rs  re d u c e d  th e  vo ltage to  d is tr ib u tio n  level 
(see Fig. V . l5). T h e  possibility  o f  in su la tin g  th e  tra n s fo rm e rs  a n d  t ra n s 
m ission line  h a d  b een  in  se rio u s  d o u b t. T h e  e x p e r im e n t was u n u su a l in 
th a t it in c o rp o ra te d  b o th  a s te p -u p  t ra n s fo rm e r  w ith  a low -voltage g e n e ra to r  
an d  o il-ba th  in su la tio n , an  idea  th a t h a d  b een  tr ie d  e a r lie r  w ith tran sm issio n  
cable. D esp ite  th e  success o f  th e  lab o ra to ry  test, h ow ever, th e re  was still 
d o u b t ab o u t th e  effic iency  o f  a lo n g -d is tan ce  tran sm iss io n .54

T h e  full-scale L a u f fe n - to -F ra n k fo r t  tran sm issio n  system  fo r th e  ex h ib i
tion  in c o rp o ra te d  an  in te rn a tio n a l a rra y  o f  m a c h in e ry  (see Figs. V .1 4 -  
V .17). A l L a u ffe n , th e  c e m e n t fac to ry  tu rn e d  o v e r  to  th e  p la n n e rs  a 300- 
h .p . w ate r tu rb in e ; A E G  su p p lie d  a sw itch b o ard  a n d  tw o s te p -u p  tra n s 
fo rm ers ; a n d  M asch in en fab rik  O e rlik o n  fu rn ish e d  th e  th ird  t ra n s fo rm e r, 
in su la ted  in an  oil b a th , a n d  a th re e -p h a se  g e n e ra to r . F inancial su p p o r t 
fo r  th e  e re c tio n  o f  th e  175 -k ilo m eter tran sm issio n  line  a n d  rig h t o f  way 
fo r th e  line was p ro v id e d  by th e  im p eria l a n d  local g o v e rn m en ts . A t F ra n k 
fo rt, M asch in en fab rik  O e rlik o n  su p p lie d  o n e  t ra n s fo rm e r  a n d  A EG  p ro 
v ided  two. A E G  also bu ilt a la rg e  a d v e rtis in g  sign  w ith 1,000 incan d escen t 
lam ps a n d  a w a te rfa ll p o w ered  by a p u m p  w ith a new  A EG  p o lyphase  
m o to r. P ow er fro m  L a u ffe n  lit th e  lam p s a n d  d ro v e  th e  w a te rfa ll.55 (See 
Figs. V .18, V .24, a n d  V .25.)

T h e  tran sm iss io n  system  was n o t o p e ra tiv e  u n til 24 A u g u st 1891, sho rtly  
be fo re  th e  e x h ib itio n  e n d e d .  O n  th a t d a te  th e  b rillian t ligh tin g  d isp lay  was 
illu m in a ted  a n d  th e  w a te rfa ll b eg an  to  flow. L ead in g  elec tric ians view ed 
th e  in sta lla tio n  a n d  m a d e  critical analyses o f  its p e rfo rm a n c e . T h e  tra n s 
m ission effic iency  su rp r is e d  c ritics, fo r  they  h a d  e x p ec ted  50 p e rc e n t losses. 
T ra n s m ittin g  190 h .p . a t a b o u t 25 ,000  volts, th e  effic iency  m easu red  from

15 Beschreibung und Darslellung Elektrischer Werke welchf nach den Projekten und Unter Leitung 
des Technischen Bureaus Oskar von Miller (Munich. 1898-99). This publication by von Miller's 
consulting engineering Firm was kindly loaned to me by O skar von Miller's son and successor 
as head o f the firm, R udolf von Miller. I have draw n on the chapter on the Frankfort exhibition 
of 1891. Also informative on the exhibition is W allher von Miller. Oskar von Miller Naeh 
Eigenen Aufzrichnungen, Reden und Briefrn (Munich: Bruckmann, 1932), pp. 55 ff.

54 B. A. Bchrend's "T he Debt o f Electrical Engineering to C. E. L. Brown" (reprint front 
Electrical World and Engineer, 16 November 1901-1 March 1902) was kindly supplied by F. 
Thom as o f Brown. Boveri Sc Co.. Ltd. (BBC), Baden, Switzerland.

55 "Die L auffcncr K raftiibertragung," Offizielte Zeitung . . . Frankfurt am Main 1891, p. 825; 
Karl E. Milllcr, "50Jah rc  D rchstrom -K raftubertragung," Oerlikon Bulletin, no. 231 (May-Junc 
1941), pp. 1437-43, and no. 232 (July-August 1941), pp. 1445-52; William Boveri, "75Jahre  
W echsclsLrom-Krafliibcriragung: Lauffcn/Ncckar-Frankfurl/M ain," BBC-Nachrichten, Scp- 
lember-O ctober 1966, pp. 523-25; Mans H appoldl and Karl Merz. "Die Entwicklung der 
G eneratorcn scil dc r Energieubertragung Lauffen-Frankfurt," ibid.. pp. 52 6 -3 1; Karl Schlos- 
ser, "Marksteinc dcs Transform atorenbaues," ibid.. pp. 534-39; and Heinz Mors, Karlheinz 
Mcrzig, and Joachim U ferm ann, "Hochspannungs-Freileitungen," ibid., pp. 563-64.
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ALLGEM EINE 

ELEKTRICITATS-

1 1 !
MITFEN-FR ANK rURT

Figure V .I4. Oil-filled, three-phase 
transformer used in the Lauffen-to- 

Frankfort transmission system. From 
OfFtzielle Zeitung . . . Frankfurt am 

Main 1891, p. 1045.

Figure V.15. Model designed by Charles E. L Brown for testing alternating-current transmission 
system (January 1891): Generator (center); two oil-msulated transformers (left); and motor (nght) 
which drove the generator. Courtesy of Brown, Boveri 6f Co., Baden, Switzerland.

Allgemeine Eleklricitals- Gesellschaft,
B E R U1 fi

Z-h i"

DREHSTROM- MOTOR

Figure V .I6. Three-phase motor designed 
by Dohva-Dohrownlshy Ithe type used in the 
Ijsuffen-to-Frankfort transmission system). 
From Offizielle Zeitung . . . Frankfurt 

am Main 1891. p. 971.

Figure V .l 7. Three-phase generator (designed by Charles E. L. Brown of the Maschtnenfabrih 
Oerlihon) driven by water turbines at Lauffen. From Offiziclle Zeitung . . . F rankfurt am Main 
1891, p. 599

th e  L au ffe n  tu rb in e  to  th e  low -voltage side  o f  th e  tra n s fo rm e rs  in  Frankfort 
was 74 .5  p e rc e n t. At 78 h .p . th e  effic iency  was 68 .5  p e rc e n t. N o t only did 
th is d isp lay  p ro m ise  p rac tica l ap p lica tio n  fo r  lon g -d is tan ce  o r  po in t-to -poin t 
tran sm issio n  (fro m  a m o u n ta in  w ate rfa ll, fo r ex am p le , to  an  in d u stria l city 
on  th e  low land  p lain), b u t th e  tran sm issio n  system , w o rk in g  w ith three-
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Figure V .I8. Power transmission, 
Lauffen to Frankfort: Waterfall and 

incandescent lamps at Frankfort powered by 
natural waterfall 175 kilometers away. 

From Offizielle Zeiiung . . . Frankfurt 
am Main 1891, p. 828.

Figure V.19. Logo of the official 
periodical of the Frankfort exhibition of 

1891. From O ffizidle Zeiiung . . . 
Frankfurt am Main 1891, p. I.

ph ase  c u r re n t,  a lso c o n tr ib u te d  g rea tly  to  th e  estab lish m en t o f  th is system  
as s ta n d a rd  in stead  o f  th e  tw o -p h ase  system  th a t was b e in g  tr ie d  by W est- 
in g h o u se  in th e  U n ited  S lates a n d  by o th e r  m a n u fa c tu re rs  ab ro a d . Oil 
em e rg e d  as a p rac tica l in su la to r. O n ly  th e  w o rk in g  freq u en cy  o f  40  cycles 
was n o t a d o p te d . E n g in e e rs  a n d  d e s ig n e rs  th ro u g h o u t  th e  w orld  looked  
u p o n  th e  F ra n k fo rt  e x h ib itio n  as ju s tif ic a tio n  fo r  fu r th e r  tran sm issio n  v en 
tu re s , in c lu d in g  a N iag a ra  Falls p ro jec t.

B eg in n in g  in 1889, d ec is ion  m ak in g  o v e r a fo u r-y e a r  p e r io d  in c o n n e c 
tion  w ith a N iag a ra  p ro je c t re flec ted  th e  com plex ity , th e  c o n fro n ta tio n s , 
a n d  th e  u ltim a te  re so lu tio n  o f  “ih e  ba ttle  o f  th e  system s." T h e  cen tra l
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Figure V .2I. Electrical engineers and managers at the exhibition. Courtesy of Rudolf
; von Miller.

Jr'c'
Figure V.20. Celebrating the opening of the exhibition: "Out of darkness into light. " 
From Offizielle Zeitung . . . F rankfurt am Main 1891,/). 101.

Elektrotechnische Fabrik
J. Einstein & Cie.

MUnchen.

rM'r,Kh,f

- t *..

•■.i i

Figure V.22. Advertisement for electrical 
manufacturing company owned by Albert 
Einstein's uncle. From Offizielle Zcitung 

• Frankfurt am Main 1891, p. 166.

5 I !>•

electricity m n s iin ^ d  wnln! a" <lcr' ct“n,er) PoweT,d by
69fi L-aujjen. trom  Omzielle Zeitung . . . Frankfurt am Main 1891, p.
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Figure V.24. Scents along the route of the Lauffen-lo- 
Frankfort transmission line, 1891. From Offizielle Zritung 
. . . Frankfurt am Main 1891, p. 30.

Figure V.25. Route o f the Lauffen-to-Frankfurt 
transmission line. From Offizielle Zeitung . . . Frankfurt 
am Main 1891. p. 32.

ch a ra c te rs  re m a in e d  th e  sam e in several in stances, fo r T h o m a s  E dison and  
G eo rg e  W eslin g h o u se  w ere involved , th e  first as a c on su ltan t a n d  th e  second 
as a m a n u fa c tu re r , a n d  C h a rle s  B row n o f  S w itzerland  was co n su lted  fo r 
his e x p e rtise . T h e  p lan  to  h a rn ess  th e  p ow er o f  N iagara  Falls h ad  a long  
h isto ry , b u t it look  w ell-defined  o rg an iza tio n a l fo rm  a n d  acq u ired  m o
m e n tu m  w hen  financ ie rs , in c lu d in g  J .  P. M organ , fo rm ed  th e  C atarac t 
C o n s tru c tio n  C o m p an y  in 1889 to  dev e lo p  a co h e re n t schem e fo r large- 
scale u tilization  in stead  o f  n u m e ro u s  sm all w ater-w heel mills. At th e  sta rt, 
th e  co m p an y  c o n s id e red  using  w ater tu rb in es  to  d isch a rg e  th e  w ate r in to  
a cen tra l tu n n e l th a t w ould em p ty  in to  th e  N iagara  R iver below th e  falls, 
th e reb y  p ro v id in g  a d ro p ,  o r  h ead , below  th e  level o f  th e  su rface  canals 
th a t d iv e r ted  w ater to  th e  tu rb in e s  from  th e  N iagara  River above th e  falls. 
T h e  co m p an y  was also in te re s ted  in tra n sm ittin g  pow er to  B uffalo , a m a n 
u fa c tu r in g  city tw enty  m iles d is tan t, a n d  co n sid e red  m echanical as well as
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INTERMEDIATE OISTANC.E TRANSMISSION

& DISTANCE TRANSMISSION

Figure V.26. Universal system of power distribution and transmission, Niagara Falls Powi 
Electrical H andbook (1904), p. 78.

Figure V.27. The Niagara (universal) ^
system: Diagram o f circuits. From Adams, Niagara  f a l l s

Niagara Power, 2: 250. l'OWEB co

3. From AIEE, T h e  Niagara Falls
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p n e u m a tic  linkages to  accom plish  this. W ith in  a year, th e  c o m p an y  was 
lean in g  to w ard  th e  d ev e lo p m e n t o f  o n e  o r  tw o electric  p o w er s ta tions tha t 
w ould  use th e  d isc h a rg e  tu n n e l,  bu t th a t,  in co n tra s t to  th e  n u m e ro u s  in take  
canals a n d  tu rb in e s  en v isag ed  ea r lie r ,  w ould  n eed  only  o n e  su rface  canal. 
T h e  success o f  th e  F ra n k fo rt  tran sm issio n  in 1891 h e lp e d  p e rsu a d e  the  
e n g in e e rs  to  s u p p o r t e lec tric  tran sm issio n  to  B uffa lo . P lans fro m  th e  W est
in g h o u se  C o m p an y  lo r  a tw o -p h ase  system , to g e th e r  w ith th e  advocacy  o f 
a p o ly p h ase  system  by P ro fe sso r G eo rg e  F orbes o f  E n g lan d , c h ie f  electrical 
co n su lta n t, c a rr ie d  th e  day  fo r p o ly p h ase  g e n e ra tio n  a n d  transm ission .

T h e  W esiin g h o u se  p lan  was a re f in e m e n t o f  th e  C h icago  idea (see Figs. 
V .26 a n d  V .27). It involved  lo n g -d is tan ce , h ig h -vo ltage  tran sm issio n  to 
B uffa lo . T h e  W esiin g h o u se  e n g in e e rs  w ho e n g ag ed  in th e  in v en tio n  a n d  
d ev e lo p m e n t o f  th e  un iv e rsa l system  at N iag ara  in c lu d ed  C h a rle s  F. Scott, 
w ho by in v en tin g  a c o u p le r  in th e  fo rm  o f  a tra n s fo rm e r  c o n n ec tio n  m ad e  
possible th e  tw o -p h ase  to  th re e -p h a se  co n v ersio n ; O liv er B. S h a llen b e rg e r , 
w ho d ev e lo p ed  an  im p ro v e d  in d u c tio n  m e te r; B en jam in  L am m e, w ho im 
p ro v ed  th e  m ag n e tic  c ircu itry  o f  th e  sy stem ’s g e n e ra to rs  a n d  m o to rs; A lbert 
S chm id , w ho c o n tr ib u te d  m echan ica l im p ro v em en ts ; a n d  a g ro u p  o f  e n 
g in ee rs  h e a d e d  by Lewis B. S tillwell, c h ie f  electrical e n g in e e r  at W esting 
h o u se .56 In d ica tiv e  o f  th e  c h a n g e  th a t was tak in g  p lace in th e  m o d e  o f  
in v en tio n  a n d  d e v e lo p m e n t is th e  n eed  to  iden tify  g ro u p s  ra th e r  than  
ind iv id u a ls  as th e  so u rces  o f  inv en tio n .

T h e  N iag a ra  p o w er s ta tio n  w en t in to  serv ice in A u g u st 1895. W esting 
ho u se  bu ilt th e  firs t tw o g e n e ra to rs  (tw o-phase), th e  sw itchgear, a n d  a u x 
iliary p o w er-h o u se  e q u ip m e n t; G e n e ra l E lectric co n s tru c ted  th e  tra n s 
fo rm ers , th e  tran sm iss io n  line  to  B u ffa lo  ( th ree -p h ase ), a n d  th e  substa tion  
th e re . T h e  tr a n s fo rm e r  co n n e c tio n  in v en ted  by C h a rle s  Scott p e rm itted  
th e  c o u p lin g  o f  th e  tw o- a n d  th re e -p h a se  c u rre n ts . T ran sm iss io n  b egan  in 
1896, b u t co n su m p tio n  at th e  rap id ly  e x p a n d in g  in d u stria l com plex  using  
th e  u n iversa l system  at N iag a ra  e x ceed ed  th e  p ow er transm ission  to  B u f
fa lo .57

“  Robert Uclfield, "T he Ningara System: T he Evolution of an Electric Power Complex at 
Niagara Falls. I883-I89G .” IEEE Proceedings 64 (I97G): 1349. Hclficld's Ph.D. dissertation. 
"The Niagara Frontier: T he Evolution of Electric Power Systems in New York and O ntario, 
1880-1933" (University o f Pennsylvania, 1980), is an in-depth study of the Niagara system.

•”  See Bclfteld. "The Niagara System" and "The Niagara Frontier." See also H arold Sharlin, 
"The First Niagara Falls Power Project." Business History Heview 33 (1961): 59-74; and Passer. 
Electrical Manufacturers, pp. 282-95.



C H A P T E R  V I

Technological 
Momentum

Frankfort in 1891, C h icago  in 1893, a n d  N iag a ra  in 1895 w ere sub
stance  a n d  sym bol. D e m o n s tra tin g  th e  techn ica l p rac tica lity  o f  the 

p o ly p h ase  u n iversa l e lectric  su p p ly  system , they  s tim u la te d  e n th u s ia sm  for 
th e  new  techno logy . M oreo v er, it was no t by c h an ce  th a t e n tre p re n e u rs  
chose  to  d isp lay  th e  new  tech no logy  d ram a tica lly  a t such  w orld  exhib itions. 
N o r is it su rp r is in g  th a t th e  in sta lla tion  at th e  a w e-in sp irin g  site  o f  N iagara  
Falls a ttra c te d  u n u su a l a tten tio n .

D u rin g  th e  1890s th e  p o lyphase  system  g a th e re d  m o m e n tu m . Because 
it en co m p assed  th e  o ld  c o n te n d e rs  in “th e  ba ttle  o f  th e  system s” (d irect 
c u r r e n t  versus  sin g le -p h ase  a lte rn a tin g  c u r re n t) ,  th e  new  system  gained  
w id esp read  s u p p o r t fro m  m en  a n d  in s titu tio n s  in th e  rap id ly  g ro w in g  field 
o f  e lectrical en g in e e r in g , science, a n d  in d u s try . A su p p o rtiv e  co n tex t, o r 
cu ltu re , fo rm e d  rap id ly . M en a n d  in s titu tio n s  d ev e lo p ed  cha rac te ris tic s  that 
su ited  th em  to th e  ch arac te ris tics  o f  th e  te chno logy . A n d  th e  system atic 
in te rac tio n  o f  m en , ideas, an d  in stitu tio n s, bo th  techn ica l a n d  non techn ica l, 
led to  th e  d ev e lo p m en t o f  a su p e rsy s te m — a soc io techn ica l o n e — w ith mass 
m o v em en t a n d  d irec tio n . An ap t m e ta p h o r  fo r  th is m o v em en t is "m o m en 
tu m .” So re in fo rc e d  by a c u ltu ra l co n tex t, a n d  in te ra c tin g  in a system atic 
way w ith th e  e lem en ts  o f  tha t co n tex t, th e  un iv ersa l system , like high- 
m o m e n tu m  m a ile r , te n d e d  in tim e  to  resist c h an g es  in th e  d irec tio n  of 
de v e lo p m e n t. D ev e lo p m en t p ro c e e d e d  alo n g  lines th a t co u ld  be e x tra p o 
la ted . T h e  u n iversa l system  g a th e re d  a co n serv a tiv e  m o m e n tu m . Its g row th  
g en era lly  was steady , an d  c h an g e  becam e a d iv ers ifica tion  o f  func tion .

1 he m o m e n tu m  initially  cam e m ostly  fro m  an  ag g re g a te  o f  m an u fac 
tu re rs  w ho invested  heavily  in re so u rces , labo r, a n d  m a n u fa c tu r in g  p lants 
in o rd e r  to  p ro d u c e  th e  m ach in e ry , devices, a n d  a p p a ra tu s  re q u ire d  by the 
new  system ; la te r, ed u ca tio n a l in s titu tio n s  ta u g h t th e  science a n d  practice 
o f  th e  new  techno logy ; th en  re sea rch  in s titu tio n s  w ere fo u n d e d  lo  solve its 
critical p ro b lem s; an d  all th e  while a g ro w in g  n u m b e r  o f  e n g in e e rs , skilled 
lab o rers , ap p lie rs  o f  science, m an ag e rs , a n d  o th e r  p e rso n s  invested  their 
e x p e r ien ce  a n d  co m p e ten ce  in th e  new  po ly p h ase  u n iv ersa l system .

I he po ly p h ase  un iversal system  g a in ed  m o m e n tu m  in p a r t because  ol 
th e  c o m m itm en t m ad e  by a new  g en e ra tio n  o f  in v en to rs  a n d  eng ineers . 
T h e  first tw o decad es o f  e lectric  ligh t a n d  p o w er su p p ly  w itnessed  several 

140



141 T E C H N O L O G IC A L  M O M E N T U M

waves o f  p io n ee rs : first th e  d ire c t-c u r re n t m en  led by E dison; th e n  the 
s in g le -p h ase  a l te rn a tin g -c u r re n t g ro u p , in c lu d in g  Lucien  G au la rd  a n d  S. 
Z. d e  F e rra n ti;  a n d  finally  th e  d ev e lo p e rs  o f  po ly p h ase  c u r re n t ,  am o n g  
th em  N ikola  T es la  a n d  M ichael D olivo-D obrow olsky . E d ison  d id  no t m ake 
th e  tra n s itio n  fro m  d ire c t c u r r e n t  to  o th e r  fo rm s. In  fact, his s tu b b o rn  
r e sis tan ce  in ten s ified  “th e  ba ttle  o f  th e  system s." M oreover, E dison  d ec id ed  
n o t to  ex erc ise  his o p tio n  on  th e  a.c. system  o f  G anz 8c C o m p an y , a system  
his co m p an y  c o u ld  h av e  u sed  to  co m p e te  effectively  aga in st W estin g h o u se . 
A fte r  1890 he  e n te re d  in to  inven tive  e n te rp r is e s  th a t w ere on ly  rem ote ly  
re la te d  to  e lec tric  ligh t a n d  pow er. G au la rd  was u n ab le  to  m od ify  his s tance 
successfu lly , a n d  he  saw o th e rs  g rea tly  im p ro v e  u p o n  his system  b e fo re  his 
u n tim ely  d e a th . T es la , a f te r  h is b re a k th ro u g h  in to  p o ly p h ase  po w er, e m 
b a rk e d  o n  d iscoveries  in even  m o re  e so te ric  fie lds, such  as w ireless pow er 
tran sm issio n  a n d  co m m u n ic a tio n . A no tab le  e x cep tio n  to  th e se  p io n ee rs ' 
in flex ib ility  was th e  d o g g e d  d e te rm in a tio n  o f  E lihu  T h o m so n  to  m a in ta in  
a p o sition  o f  le a d e rsh ip  th ro u g h o u t  th e  ra p id  f lu c tu a tio n s  th a t h it electric  
l igh t a n d  pow er. T h o m so n  (1 8 5 3 -1 9 3 7 ), w ho was b o rn  in E n g lan d  b u t 

Figure v i.l .  Etihu Thomson, c. 1885. grew  u p  in P h ilad e lp h ia , P ennsy lvan ia , sp a n n e d  th e  e lec tric  p o w er spec-
Courtrsy of the Elihu Thomson Papers, tru m  fro m  his ea rly  c o n c e n tra tio n  on  a rc  lights, th ro u g h  d ire c t-c u r re n t

Amencan Philosophical Society, in can d escen t lig h tin g , in to  a lte rn a tin g  a n d  po ly p h ase  system s. T h o m so n
Philadelphia, Pa. nQt Qnjy m a(j e n ecessa ry tran s itio n s  b u t he  m oved  fro m  th e  s ta tu s  of 

in d e p e n d e n t in v e n to r  to  th a t o f  scien tific  c o n su ltan t. A fte r  his co m p an y , 
T h o m so n -H o u s to n , m e rg e d  w ith E dison  G en e ra l E lectric lo  fo rm  G en e ra l 
E lectric in 1892, h e  a ssu m ed  th e  position  o f  sen io r  in d u s tria l scien tist a n d  
ad v ise r in re sea rch  a n d  d e v e lo p m e n t fo r  th e  new  firm .

T h o m so n  was o n e  o f  a sm all g ro u p  o f  m ostly  y o u n g  m en  o f  various 
nationalities w ho h e lp ed  b rin g  abou t the  shift to  po lyphase, the  event “which 
u sh e re d  in a new  eco n o m ic  e p o c h .” ' T h e se  y o u n g  in v en to rs  a n d  electrical 
en g in e e rs  d if fe re d  fro m  m ost o f  th e ir  p red ecesso rs  in lh a l th e ir  scientific 
o r  e n g in e e r in g  tra in in g  in c lu d ed  m a th em atics , an  ex trem e ly  im p o rta n t 
c o m p e ten ce  fo r  th o se  w ish ing  to  analyze po ly p h ase  system s. P h ilad e lp h ia 's  
C e n tra l H igh  School, w h e re  T h o m so n  ta u g h t, o ffe re d  ad v an ced  technical 
a n d  scien tific  c o u rse s  th a t w ere  n o t a lto g e th e r  d if fe re n t fro m  th e  co u rses  
g iven  in th e  Technischen Hochschulen (“techn ical h ig h e r  schoo ls”) in C en tra l 
E u ro p e . T es la  tra in e d  a t th e  Technischen Hochschule in G raz  a n d  at th e  
U niversity  o f  Z u rich . M ichael D olivo-D obrow olsky  a tte n d e d  a Technische 
Hochschule in G e rm a n y  (D arm stad t), as was co m m o n  fo r  R ussian -b o rn  as
p ira n ts  to  ca re e rs  in science a n d  e n g in e e r in g .

Follow ing  close b eh in d  T es la  a n d  D olivo-D obrow olsky was a g ro u p  o f  
electrical in v en to rs  a n d  e n g in e e rs  w ho n o t on ly  a tte n d e d  in stitu tio n s o f  
h ig h e r  le a rn in g  b u t a lso h ad  th e  o p p o r tu n ity  to  lake  co u rses  in e lectrical 
e n g in e e r in g . So t ra in e d , th e se  m en  look  p a r t in th e  rap id  p ro fessio n a li
zation  o f  th e  field  o f  electrical en g in e e r in g , a n d  e x p a n d in g  electrical e n 
g in e e r in g  ed u c a tio n  a n d  p ro fessio n a liza tio n  g rea tly  re in fo rc e d  the  com -

1 G eorg von Siemens. History of the House of Siemens, trans. A. F. Rodger. 2 vols. (Freiburg/ 
Munich: Alber, 1957), I: 114. Biographies o f the leading electrical engineers o f the early 
generations arc identified in Thom as j. Higgins, "A Biographical Bibliography of Electrical 
Engineers and Elcctrophysicists,” Technology and Culture 2 (1961): 28-32, l46-6.r>. See also 
idem, "A Classified Bibliography of Publications on the History and Development o f Electrical 
Engineering and F.lecirophysirs." Bulletin of Bibliography 20, nos. 3-7 (1950-52).
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m itm e n l lo, a n d  m o m e n tu m  o f, th e  system  o f  p o w er a n d  ligh t th a t h ad  
b een  u sh e re d  in by th e  p io n e e rs  d u r in g  th e  1890s. C o u rse s  in th e  Tech- 
nuchen Hochschulen a n d  in  co lleges o f  e n g in e e r in g  w ere  o rg an ized  on  the  
basis o f  th e  k n o w led g e  a n d  e x p e rie n c e s  o f  th e  p io n ee rs , a n d  technical 
jo u rn a ls  a n d  m ee tin g s  sp re a d  in fo rm a tio n  a n d  a tti tu d e s , th e re b y  consoli
d a tin g  th e  p re d o m in a n t  t re n d s  in  p rac tice .

T h e  t ra in in g  a n d  ed u c a tio n  o f  th e  e lec trica l tech n ic ian s, en g in ee rs , and  
scien tists w ho filled th e  in c rea s in g  n u m b e r  o f  positions o f fe re d  by electrical 
utilities a n d  m a n u fa c tu re rs  o c c u r re d  o n  m an y  levels a n d  in m any  ways 
d u r in g  th e  first tw o d ec a d e s  o f  e lec tric  ligh t a n d  po w er. In  G erm an y , 
E n g lan d , a n d  th e  U n ite d  S ta tes , th e  so u rces  o f  th is tra in in g  in c lu d ed  a p 
p re n tic e sh ip  p ro g ra m s , te chn ica l a n d  tra d e  schools, a n d  seco n d a ry  schools 
w ith  techn ica l p ro g ra m s . G e rm a n y ’s ra p id  in d u s tr ia liz a tio n  in th e  la te  n in e 
te e n th  ce n tu ry , in c lu d in g  th e  im pressive  rise  o f  its e lec trica l in d u s try , has 
been  a t t r ib u te d  in p a r t lo  th e  G e rm a n  system  o f  seco n d a ry , tra d e , and  
techn ica l ed u c a tio n  o u ts id e  o f  in s titu tio n s  o f  h ig h e r  le a rn in g .2 Especially 
in G e rm a n y , e lectrical m a n u fa c tu re rs  e s tab lish ed  sizable a p p re n tic e sh ip  
p ro g ra m s  to  tra in  sk illed  w o rk m en , so m e  o f  w hom  becam e  fo re m e n  and  
p la n t s u p e r in te n d e n ts .  A fte r  th e  m a n u fa c tu re rs  b eg an  d e s ig n in g  a n d  p ro 
d u c in g  h igh ly  co m p lex  p o ly p h ase  g e n e ra to rs , m o to rs , a n d  tra n sfo rm e rs , 
th ey  also  o f fe re d  p rac tica l tra in in g  fo r  g ra d u a te s  o f  e n g in e e r in g  schools, 
m any  o f  w hom  w ere  th o u g h t by m a n u fa c tu re rs  to  be  o v e re x p o se d  to  ir 
re le v a n t th e o ry . C o o p e ra tiv e  p ro g ra m s  r e q u ir in g  p a rtic ip a tio n  in th e  class
ro o m  a n d  in th e  w o rk p lace  sp re a d  th ro u g h o u t  th e  U n ite d  S ta tes  a f te r  1900.

Such  v a ried  m o d es o f  tra in in g  n o tw ith s ta n d in g , a tte n tio n  h e re  will be 
lim ited  to  severa l le ad in g  d e g re e -  o r  d ip lo m a -g ra n tin g  th re e -  o r  fo u r-y ea r 
e n g in e e r in g  co lleges in th e  U n ited  S ta tes  a n d  E n g la n d  a n d  to  th e  lead ing  
Technischen Hochschulen in G e rm a n y . T h o s e  se lec ted  w ere  a m o n g  th e  first 
to  o f fe r  c o u rse s  in e lec trica l e n g in e e r in g , to  o rg a n iz e  sets o f  co u rses  con 
s titu tin g  p ro g ra m s  in e lec trica l e n g in e e r in g , o r  to  e s tab lish  d e p a r tm e n ts  of 
e lectrical e n g in e e r in g . S pecial a tte n tio n  will be p a id  to  th e  way en g in e e r in g  
in s titu tio n s  fo rm e d  a b r id g e  b e tw een  physics a n d  th e  p rac tice  o f  en g i
n e e r in g . C o n c e n tra tio n , th e re fo re ,  will be  on  th e  early  e n g in e e r in g  p ro 
fessors as c o n tr ib u to rs  lo  th e  science o f  e lec trica l e n g in e e r in g . T h e  te rm  
"ap p lied  sc ience” will be  avo id ed  becau se  it su g g ests  a one-w ay  re la tio n sh ip  
fro m  fu n d a m e n ta l sc ience to  p rac tica l ap p lica tio n ; in s tead , “science o f  e lec
trical e n g in e e r in g ” will he u sed  as a b ro a d e r  re fe re n c e  to  o rg a n iz e d , q u a n 
tified , a n d  g en e ra liz e d  in fo rm a tio n , o r  e x p e r ie n c e  d e r iv e d  fro m  practice .

D u rin g  th e  tra n s itio n  fro m  d ire c t to  p o ly p h ase  c u r r e n t ,  th e  n u m b e r  o f 
in s titu tio n s  o f  h ig h e r  le a rn in g  g ra n tin g  e n g in e e r in g  d e g re e s  o r  d ip lom as 
c o n tin u e d  lo  grow . T h e  n u m b e r  o f  co u rse s , p ro g ra m s , a n d  d e p a r tm e n ts  
in e lectrical e n g in e e r in g  in c rea sed  even  m o re  im pressively . D u rin g  the 
fo rm ativ e  years  o f  th e  e lectrical in d u s try , th e  ex is ten ce  o f  a substan tia l 
n u m b e r  o f  e n g in e e r in g  in s titu tio n s  in f lu e n c e d  th e  g ro w th  o f  th e  ind u stry , 
a n d  th e  rise  o f  th e  in d u s try  sh a p e d  e le c tr ic a l-e n g in e e r in g  in stitu tio n s. O ne  
re su lt o f  th is in te rac tio n  was th e  scien tific  c h a ra c te r  o f  e lec trica l e n g in e e r 
ing . In  c o n tra s t,  civil a n d  m echan ica l e n g in e e r in g  d ev e lo p ed  b e fo re  engi-

'  William H. Dawson. The Evolution of Modem Germany (New York: Scribner's , 1914). See 
especially his discussion of die icrhniral schools in Saxony (pp. 99. 135).



1 4 3  T E C H N O L O G IC A L  M O M E N T U M

n e e rin g  ed u c a tio n  was co n s id e red  a siue qua non fo r th e  p ro fe ssio n a l, a n d  
th e ir  cast was less scientific.

W hen  th e  P earl S tree t sta tio n  o p e n e d  in New Y ork in 1882, ab o u t seventy  
U.S. in s titu tio n s  o ffe re d  a p ro fessiona l e d u ca tio n  in e n g in e e r in g .* M any 
o f  th e se  h ad  b een  fo u n d e d  w ith fu n d s  p ro v id ed  by land  g ra n ts  m ad e  u n d e r  
th e  M orrill A ct o f  1862, acco rd in g  to  which each  s ta te  th a t en d o w ed  ag 
r icu ltu ra l a n d  m echan ica l co lleges w ould  be given 30 ,000  acres  o f  public  
lan d  fo r  each  co n g ressio n a l d istric t. N o n e  h ad  co u rse s  in electrical e n g i
n e e r in g , b u t a n u m b e r  in c lu d ed  lec tu res  on  e lectric ity  in th e ir  physics 
co u rses . By 1899, th e  n u m b e r  o f  th ese  in stitu tio n s was e ig h ty -n in e , a n d  98 
p e rc e n t o f  th em  o f fe re d  a fo u r-y e a r  c o u rse  in e n g in e e r in g . F o rty -n in e  h ad  
co u rse s  in e lectrical en g in e e r in g ; sixty-seven ta u g h t civil en g in e e r in g ; a n d  
six ty -one  o f fe re d  m echan ica l en g in e e r in g . It sh o u ld  be n o te d , how ever, 
th a t s tu d e n ts  co u ld  also p re p a re  fo r w ork in th e  electrical in d u s try  by 
s tu d y in g  m echan ica l en g in e e r in g . In  th e  U n ited  S tales in 1899 th e re  w ere 
2,397  s tu d e n ts  e n ro lle d  in electrical e n g in e e r in g  p ro g ra m s  a n d  th e re  w ere 
370  g ra d u a te s  o f  th e se  p ro g ra m s. F o r m echan ical e n g in e e r in g  th e  fig u res  
w ere  3 ,293  s tu d e n ts  a n d  480  g ra d u a te s ;  fo r civil en g in e e r in g , 2 ,667  s tu 
de n ts  a n d  4 1 9  g ra d u a te s .4

In  G e rm a n y  a f te r  1860 several techn ical schools w ere g iven  th e  s ta tu s  o f 
in s titu tio n s  o f  h ig h e r  le a rn in g . T h e y  w ere c h a rac te rized  as u n ivers ities  th a t 
w ould  p re p a re  s tu d e n ts  fo r  in d u s tr ia l c a ree rs . T h e se  in stitu tio n s o ffe re d  
s tu d e n ts  a co u rse  o f  s tu d y  th a t was m o re  ad v an ced  th a n  th e  cu rr ic u la  o f  
U .S. e n g in e e r in g  schools. T h e  in stitu tio n s th a t received  th e  Technische 
Hochschule(TH) constitu tion  w ere K arlsruhe (in 1865), M unich (1868), A achen 
(1870), D resd en  (1871), B runsw ick  (1877), B e r lin -C h a rlo tte n b u rg  (1879), 
a n d  H a n n o v e r  (1880).5 T h e ir  o rg an iza tio n  a n d  c u rricu la  w ere substan tia lly  
in flu en ced  by F ran z  G ra sh o f  (1 8 2 6 -1 8 9 3 ), a le ad in g  e n g in e e r in g  p ro fe sso r 
w ho called  fo r  a g ro u n d in g  o f  th e  e n g in e e r  in th e  fu n d a m e n ta ls  o f  science.6 
F ran z  R eu leau x  (1 8 2 9 -1 9 0 5 ), a n o th e r  o f  G e rm a n y ’s p io n e e rin g  e n g in e e r 
ing  ed u ca to rs , a lso s tim u la ted  th e  d ev e lo p m en t o f  h ig h e r  techn ical e d u 
ca tion  w ith an  em p h as is  on  th e  sciences by p o in tin g  o u t th e  su p e rio r ity  o f  
A m erica ’s in d u s tr ia l d isp lays a t th e  P h ilad e lp h ia  ex h ib itio n  o f  1876.7 T h e  
G erm an s  looked  u p o n  ed u ca tio n  as a m eans o f  b o rro w in g  techno logy  from  
o th e r  n a tio n s  a n d  ad v an c in g  b eyond  it; they  also recogn ized  tha t e lectrical 
e n g in e e r in g  was p a rticu la rly  w ell-su ited  to  a scientific em phasis.

In  E n g lan d , co n c e rn  am o n g  m a n u fa c tu re rs  a n d  en g in ee rs  ab o u t th e  s ta te

’ T his num ber was derived from statistics giving the num ber as eighty-nine in 1899 and 
identifying it as an increase o f 21 percent over that for 1878. I am indebted to Robert Belfield 
for calling my attention to statistics on engineering education. His sources were I. O. Baker, 
"Engineering Education in the United Slates at the End of the Century," Science, 2 November 
1900, pp. 666-74; and Charles R. Mann. A Study of Engineering Education (New York: Joint 
Committee on Engineering Education of the National Engineering Societies, 1918). csp. pp. 
18-24.

4 Baker, "Engineering Education," p. 668.
’ Wilhelm T rcuc , "Die Gcschichlc dcs Tcchnisehcn Untrrrichls," in Festschrift m r 12J- 

Jahrfeier der Technischen / lochschule Hannover, 18)1-1956  (Hannover, I9.ri6), p. 60.
* E. Grashof, "Ubcr die Organisation an polylechnischcn Srhulcn zugrunde legende I’rin- 

zipien." Zeitschrift Verein Deulscher Ingenieure, 1864, p. 591.
’ Friedrich Klemm, A History o f Western Technology, trans. D. W. Singer (Cambridge. Mass.: 

M.I.T. Press. 1959). pp. 326. 339.
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o f  techn ica l ed u c a tio n  was w id e sp re a d  d u r in g  th e  seco n d  h a lf  o f  th e  n in e 
te e n th  ce n tu ry , especially  a f te r  1880. T h e  c o n v e n in g  o f  severa l p a r lia m e n 
ta ry  com m ittee s  to  c o n s id e r  th e  sta le  o f  techn ica l ed u c a tio n  in  B rita in  re 
vealed  th is c o n c e rn .8 T h e  im pressive  in d u s tr ia l  c o m p e titio n  am o n g  fo re ign  
ex h ib ito rs  a t L o n d o n ’s G re a t E xh ib itio n  in  1851 was a m a jo r  s tim u lu s of 
activity  a im ed  a t im p ro v in g  B rita in ’s situ a tio n .

G e n e ra l co n c e rn  a b o u t th e  e ro s io n  o f  B rita in ’s in d u s tr ia l le a d e rsh ip  in 
th e  la te  n in e te e n th  c e n tu ry  led to  a n u m b e r  o f  e ffo r ts  to  im p ro v e  th e  
co u n try ’s system  o f  te chn ica l a n d  e n g in e e r in g  e d u c a tio n . In  1878 th e  his
to ric  livery c o m p an ie s , o r  g u ild s , es tab lish ed  th e  C ity a n d  G u ild s  o f  L o n d o n  
In s titu te  fo r  th e  A d v an cem en t o f  T e c h n ic a l E d u ca tio n . T h e  in s titu te  used  
subsid ies a n d  its c o n s id e ra b le  in f lu e n c e  lo  p ro m o te  techn ica l ed u ca tio n  
th ro u g h o u t  th e  co u n try . In  L o n d o n  th e  in s ti tu te -su p p o r te d  F in sb u ry  T e c h 
n ical C o llege  o p e n e d  in 1883, a n d  in 1884 th e  in s titu te  c o n tr ib u te d  to  the  
o p e n in g  o f  th e  C e n tra l  In s titu tio n  in S o u th  K e n s in g to n .9 F in sb u ry  C ollege 
w ou ld  tra in  th o se  d e s ir in g  an  in te rm e d ia te  post, in c lu d in g  th a t o f  fo rem an , 
in  in d u s try  a n d  th o se  p re p a r in g  fo r  th e  ad v a n c e d  co u rse s  o f fe re d  a t e n 
g in e e r in g  co lleges such  as U n iversity  C o llege  a n d  K in g ’s C o llege  o f  the  
U n iversity  o f  L o n d o n . In  1907, a f te r  severa l re o rg a n iz a tio n s , th e  C en tra l 
In s ti tu tio n  ach ieved  u n iv ers ity  s ta tu s  as p a r t  o f  th e  Im p e ria l C ollege of 
Science a n d  T e c h n o lo g y  o f  th e  U n iversity  o f  L o n d o n .10 O th e r  c e n te rs  of 
h ig h e r  te chn ica l s tu d y  in B rita in  in th e  1880s in c lu d e d  M an ch es te r, B ir
m in g h a m , L iverpoo l, L eeds, B ra d fo rd ,  a n d  G lasgow , as well as th e  en g i
n e e r in g  facilities a n d  c o u rse s  a t C a m b rid g e  U n iversity .

T h e s e  U .S ., B ritish , a n d  G e rm a n  in s titu tio n s  o f  h ig h e r  te chn ica l e d u 
ca tion  re s p o n d e d  to  th e  rise  o f  th e  e lec tric  su p p ly  in d u s try  in  v a rio u s ways, 
a n d  h e re  th e  tre n d s  am o n g  th e m  can  be d e te c te d  by c o n s id e r in g  th e  re 
sponses  o f  several: th e  M assachuse tts  In s ti tu te  o f  T ech n o lo g y  a n d  C orne ll 
U n iversity  in th e  U n ited  S tates, th e  C e n tra l  In s ti tu tio n  in  L o n d o n , a n d  the  
Technischen Hodischulen  a t D a rm sta d t a n d  B erlin  in G e rm a n y . In  each  case 
severa l q u e s tio n s  will be ra ised : W h en  was e lec trica l e n g in e e r in g  in tro d u c e d  
in to  th e  in s ti tu tio n ’s cu rr ic u lu m ?  W h en  was a se p a ra te  d e p a r tm e n t  o f  elec
trical e n g in e e r in g  estab lish ed ?  W hat co n s titu te d  th e  ed u c a tio n a l a n d  p rac 
tical b a c k g ro u n d  o f  th e  e lectrical e n g in e e r in g  facu lty , a n d  in w hat research  
a n d  co n su ltin g  activ ities w ere  facu lty  m e m b e rs  e n g a g e d ?  H ow  d id  th e  c u r 
ricu la  re flec t th e  tran s it io n  to , a n d  th e re b y  th e  m o m e n tu m  o f, th e  poly
ph ase , un iv e rsa l system  a n d  lo n g -d is tan ce  tran sm issio n ?

In  G e rm a n y , W e rn e r  von  S iem en s, a n  in f lu e n tia l f ig u re  in  th e  eng i
n e e r in g  a n d  science co m m u n ity , s tim u la te d  th e  e s ta b lish m e n t o f  p ro fe s 
so rsh ip s  o f  e lec trica l e n g in e e r in g . H e  rea lized  th a t th e  n e e d  fo r  young 
e lec tric ians  g ro u n d e d  in sc ience  w ould  ex ceed  th e  n u m b e r  fo rth co m in g

See, Tor example, (.real Britain. Parliament, I louse of Com mons. Sessional Papers: Second 
Report of the Royal Commissioners on Technical Instruction. 3 vols. (London: HMSO. 1884), I:

(\lnZTwd)h' 'mprnnt and IWI",0lnW: A Sho" / / u ,o r v  °f,he lmPenal Col,egt
William W ickenden. A Comparative Study of Engineering Education in the United States and 

Europe Society for the Promotion o r Engineering Education, Bulletin no. 16 (Lancaster. Pa.: 
16 C ncas,er reS5, 1829), p. 38: Centenary of the Imperial College of Science and Technology, p-
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Figure VI.2. Charles Cross. Courtesy oj 
the M.I.T. Museum and Historical 

Collections, Cambridge. Mass.

f ro m  re la ted  fields o r  f ro m  in fo rm a l ed u ca tio n . S p eak in g  in D ecem ber
1881 b e fo re  G e rm a n y ’s E lek tro tech n isch e  V ere in  (Society o f  E lectrical E n 
g in ee rin g ), von S iem ens called  fo r  th e  e stab lish m en t o f  a c h a ir  o f  electrical 
e n g in e e r in g  in all T H s  in o rd e r  to  fam iliarize  y o u n g  m en  w ith th e  th eo ry  
a n d  p rac tice  o f  e lectrical e n g in e e r in g .11 So m oved , th e  Technische Hochschule 
in D a rm s ta d t a p p o in te d  E rasm u s K ittle r (1 8 5 2 -1 9 2 9 ) th e  first p ro fe sso r  
o f  e lectrical e n g in e e r in g  in  G erm an y , a n d  he, in tu rn ,  e s tab lished  th e  first 
d e p a r tm e n t  o f  e lectrical e n g in e e r in g . H e  cam e to  th e  D a rm sta d t T H  in
1882 a f te r  se rv in g  as an  in s tru c to r  in physics a t th e  M un ich  T H . T h e re  
w ere on ly  137 s tu d e n ts  en ro lle d  a t th e  lan g u ish in g  D a rm sta d t T H  in 1882, 
b u t w ith in  severa l years  K itlle r’s e lectrical e n g in e e r in g  p ro g ra m  was in te r 
na tiona lly  re n o w n e d  a n d  h ad  tu rn e d  o u t a la rg e  n u m b e r  o f  G e rm a n y ’s 
le ad in g  electrical e n g in e e rs , am o n g  th em  D o livo-D obrow olsky .12

In  1882, a t th e  B e r lin -G h a rlo tte n b u rg  T H ,  A d o lf Slaby (1 8 4 9 -1 9 1 3 )  in 
a u g u ra te d  a tw o -h o u r  c o u rse  in electrical m ach inery . In  1883, also a t th e  
B erlin  T H , W e rn e r  von  S iem ens e s tab lished  th e  first c h a ir  o f  m ach in e  
co n s tru c tio n  a n d  e lectrical e n g in e e r in g  (a position  h e ld  by Slaby). W hen  
th e  B erlin  T H  m oved  in  1884 in to  im pressive new  b u ild in g s o n  g ro u n d  
p ro v id ed  by K aiser W ilhelm  I, th e  facu lty  e s tab lished  an  electrical labo 
ra to ry , a f te r  w hich th e  stu d y  o f  electrical e n g in e e r in g  e x p a n d e d  rap id ly ; 
by 1892, e igh ty  s tu d e n ts  w ere e n g ag ed  in lab o ra to ry  w ork  th e re . E lectrical 
en g in e e r in g  was n o t, h ow ever, a se p a ra te  d e p a r tm e n t  a t B erlin  as it was at 
D a rm stad t; it was p a r t  o f  th e  m echan ica l en g in e e r in g  c u rr ic u lu m . U nlike 
o th e r  ea rly  G e rm a n  electrical e n g in e e r in g  p ro fesso rs , Slaby h ad  a back
g ro u n d  in  m echan ica l e n g in e e r in g  r a th e r  th a n  physics.13 F rom  1895 un til 
1905 G isb ert K ap p  (1 8 5 2 -1 9 2 2 ), a p io n e e r  in th e  scien tific  analysis o f  
e lectrical m ach in e ry , ta u g h t electrical en g in e e r in g  at B erlin . T h e  p re sen ce  
o f  th e  two m a jo r  m a n u fa c tu re rs  o f  G e rm a n  electrical m ach in e ry  (S iem ens 
an d  A EG) in  B erlin  p robab ly  s tim u la ted  th e  em phasis  on  m ach in e ry , o r  
m echan ica l e n g in e e r in g , c o u rs e s . '4

T h e  M assachusetts In s titu te  o f  T ech n o lo g y  estab lished  th e  first fou r- 
yea r co u rse  in e lectrical en g in e e r in g  in A m erica  in 1882. Its action  was 
based  o n  th e  b e lie f  th a t th e  rap id ly  increasing  d e v e lo p m en t “o f  th e  various 
b ran ch es  o f  e lectrical e n g in e e r in g , a n d  th e  co n seq u en t d e m a n d  fo r p e rso n s 
co n v e rsan t w ith th e  th eo ry  a n d  ap p lica tions o f  e lectric ity ,” 15 called  fo r  an  
academ ic  re sp o n se . Initia lly  th e  c o u rse  re flec ted  th e  in te re s t o f  its p lan n e rs  
in th e  b e lte r-e s tab lish ed  field  o f  e lectrical co m m unica tions, b u t em phasis  
even tua lly  sh ifted  to  ligh t a n d  pow er. A dm inistra tively , th e  c o u rse  was pa rt 
o f  th e  physics cu rr ic u lu m , a n d  P ro fesso r C h arles  C ross (1 8 4 8 -1 9 2 1 ), head  
o f  th e  physics d e p a r tm e n t,  p la n n e d  a n d  d irec ted  it. A se p a ra te  d e p a r tm e n t

11 G eorg D ctlmar. Die Entwicklung der Starhstromtechnik in Deutschland (Berlin: ETZ Verlag, 
1940), pp. 279-80.

'* Von Siemens. House of Siemens, 1: 116.
"  Chronik der Kbniglichen Technischen Hochschule iu Berlin. 1799-1899  (Berlin, 1899). p. 187.
M Rolf Sonnemann, “Wisscnschafllich-tcchnischer Fortschrilt, Ingenicurausbildung und 

Monopolinlcrcsse im Spiegel der FJcktrotcchnischen Zcilschrifl, 1880-1900," NTM-Schriftenr. 
Gesch., Technik, Med. (Leipzig) 11 (1974): I, 67. O ther early developments in electrical engi
neering education in Germany included a professorship at the Munich 77/ held hy W. von 
Beetz (1822-1886) and lectures given by W. Dietrich at Stuttgart Ircginning in 1882. Wilhelm 
Kohlrausch (1855-1936) established a program  at the Hannover 77/ in 1884.

"  Electrical Review 12 (1883): iii.
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Figure VI. 3. William E. and Hertha 
Ayrton, husband and wife, leaders in llie

Electrical Engineers. London.

Figure VI.4. Si/uanus P. Thompson. 
Courtesy of the Institution of Electrical 

Engineers, London.

o f  e lectrical e n g in e e r in g  was estab lish ed  in 1902, w ith L ouis D u n can  (1 8 6 2 -  
1916) as ch a irm a n . In  1907 D u g ald  C. Ja c k so n  (1 8 6 5 -1 9 5 1 ), h ead  o f  the 
electrical e n g in e e r in g  d e p a r tm e n t  a t th e  U n iversity  o f  W isconsin , m oved 
to  M .I.T . to  rep lace  D u n can . Six s tu d e n ts  h ad  en ro lle d  in M .I.T .’s four- 
y ear c o u rse  a t th e  o u tse t,  a n d  th e  ca ta lo g  o f  th e  in s titu te  su g g ested  a m odest 
o u tlay  fo r special la b o ra to ry  e q u ip m e n t. In  th e  1890s, h ow ever, e n ro llm en t 
in electrical en g in ee rin g  rose to  m atch  th a t in civil a n d  m echanical engineering , 
a n d  tw o years a f te r  Jack so n ’s a rriv a l, th e  d e p a r tm e n t  h a d  200  full-tim e 
s tu d e n ts ." ’

In  1883 C o rn e ll U n iversity  a n n o u n c e d  a p ro g ra m  in e lectrical en g i
n e e r in g  h e a d e d  by W illiam  A. A n th o n y  (1 8 3 5 -1 9 0 8 ), a p ro fe s so r  o f  physics. 
By 1885 C o rn e ll was o ffe r in g  a fo u r-y e a r  u n d e rg ra d u a te  p ro g ra m  a n d  a 
o n e -y ea r  g ra d u a te  p ro g ra m  in e lectrical e n g in e e r in g . In  1887 P ro fe sso r E. 
P. R o b erts  rece ived  an  a p p o in tm e n t to  leach  elec trica l e n g in e e r in g  an d  
b ecam e  C o rn e ll 's  first fu ll-tim e  facu lty  m e m b e r  in e lec trica l en g in e e r in g . 
P ro fe sso r H a rr is  J. R yan (1 8 6 6 -1 9 3 4 )  su cceed ed  R o b erts  in 1889. By 1905 
th e  d e p a r tm e n t  was o ffe r in g  eleven  c o u rse s  a n d  was s ta ffe d  by o n e  p ro 
fesso r, o n e  a ssis tan t p ro fe sso r , a n d  o n e  in s tru c to r .17

T h e  C en tra l Institu tion  o f  the  City a n d  G uilds o f  L o n d o n  Institu te  op en ed  
in 1884 o ffe r in g  co u rse s  in e lectrical e n g in e e r in g  ta u g h t by W illiam  E. 
A y rto n  (1 8 4 7 -1 9 0 8 ) , a le ad in g  e lectrical e n g in e e r in g  sc ien tis t a n d  h ead  of 
th e  physics d e p a r tm e n t .  A y rto n  h ad  lo u re d  G e rm a n y  in v estig a tin g  its elec
tric a l-e n g in e e r in g  facilities b e fo re  e s tab lish in g  th e  cu r r ic u lu m  at th e  C en tra l 
I n s t i tu t io n .18 T h e  c o u rse s  o f fe re d  w ith in  th e  physics d e p a r tm e n t  e x te n d e d  
o v e r th re e  years. In  1899, by way o f  id e n tify in g  elec trica l e n g in e e r in g  as 
its m a jo r in te re s t,  th e  d e p a r tm e n t  ch a n g e d  its n a m e  to  e lec trica l e n g in e e r 
ing. T h e  new  d e s ig n a tio n  re flec ted  th e  p h ilo so p h y  e x p re sse d  by th e  Prince 
o f  W ales at th e  school's  o p c n in g -d a y  c e re m o n ie s  in 1884: “T h e  a lte red  
co n d itio n s  o f  a p p re n tic e sh ip , a n d  th e  a lm ost g e n e ra l su b s titu tio n  o f  m a
c h in e  fo r h a n d  la b o u r  have m ad e  th e  le a c h in g  o f  sc ience, in  its ap p lica tion  
to  p ro d u c tiv e  in d u s try , . . . n e c e ssa ry ." " ’

E lectrical e n g in e e r in g  was a lso n u r tu r e d  in L o n d o n  by Sylvanus P. 
T h o m p s o n  (1 8 5 1 -1 9 1 6 ) , a u th o r  o f  w idely in f lu e n tia l e lec trica l en g in ee rin g  
tex ts a n d  p r in c ip a l o f  F in sb u ry  T ech n ica l C o llege  fo r m an y  years. J o h n  
H o p k in so n  (1 8 4 9 -1 8 9 8 ) , a d e v e lo p e r  o f  e n g in e e r in g  th e o ry  a n d  a con 
su lta n t to  th e  E d ison  in te re s ts  in E n g lan d , was th e  First in c u m b e n t o f  the 
ch a ir  o f  e lectrical e n g in e e r in g  at K ing ’s C ollege (1890) a n d  tw ice se rv ed  as 
p re s id e n t of th e  In s titu tio n  o f  E lectrical E n g in ee rs . H e  h ad  s tu d ie d  en g i
n e e r in g  at O w en s C ollege in M an ch es te r a n d  h ad  c o n tin u e d  at T rin ity  
C ollege, C a m b rid g e , in m a th em a tic s  a f te r  w in n in g  a m a th em a tic s  fellow-

"Report of the Visiting Committee Assigned to the Electrical Engineering Department 
27 I'chrttary 1921!, in "C.E I rans. 1915-1923, M IT," Elihu T hom son Papers, Library ol the 
American Philosophical Society, Philadelphia. Pa. I am indebted to Bernard Carlson of the 
University of Pennsylvania lo r calling my a ttention to this and other items at the APS Archives.

17 W aterm an T . Hewed. Cornell University: A Ihstoiy. A vols. (New York. 1905), 2: 315-17; 
Electrical World 5 ( IHH5): 15*1. O ther early departm ents o f electrical engineering in the United 
States were located at the University of Missouri (1885) and the University o f Wisconsin
(1891). I’rederick E T erm an. "A Uriel History ol Electrical Engineering Education," IEEE 
Proceedings 51 (1976): M 0 |.

Centenary of The Imperial College «/ Science and Technology, p. 15.
Ibid.. p. 37. 87 1
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Figure VI. S. John Hopkinson and 
itudenb at King's College, London. From 

Creig, John  Hopkinson, p. 15.

sh ip . Focusing  o n  e lectrical sc ience a n d  g e n e ra to r  desig n , his publications 
in th e  early  1880s e s tab lished  him  as a lead in g  electrical en g in e e r in g  sci
en tis t. H e  becam e a Feilow o f  th e  Royal Society in 1877.

T h e  c h a ra c te r  o f  th e  p ro fe sso rs  w ho s ta ffed  th e  new  d e p a r tm e n ts  an d  
ta u g h t th e  e lectrical e n g in e e r in g  cou rses  in E n g lan d . G erm an y , a n d  the  
U n ited  S ta tes in flu en ced  th e  field  bo th  in th eo ry  a n d  in p ractice . A com m on  
charac te ris tic  o f  th e  fo u n d e rs  o f  e lectrical e n g in e e r in g  cou rses , ju d g in g  
fro m  th e  above sam p le , was th e ir  stu d y  o r  physics, which help s ex p la in  th e  
scien tific  ben t o f  th e  cou rses. T h e  p r io r  inclusion  o f  electrical science in 
physics cou rses  suggests why physics p ro fe sso rs  associated w ith e n g in e e r in g  
p ro g ra m s  e s tab lished  electrical en g in e e r in g  courses. C h a rle s  R. Gross o f 
M .I.T ., fo r  in stance , g ra d u a te d  from  M .I.T . in 1870 an d  rem a in ed  th e re  
to  becom e h e a d  o f  th e  physics d e p a r tm e n t in 1876. H e  n o t only c rea ted  
th e  fo u r-y ea r  c o u rse  in e lectrical e n g in e e r in g  b u t also d id  p riv a te  co n su ltin g  
w ork  a n d  p u b lish ed  p a p e rs  on  acoustics a n d  te lephony . C ross also served  
as vice-president o f  th e  A m erican Institu te  o r  Electrical E ngineering  (AIEE).

W illiam  A. A n th o n y , a n o th e r  o f  th e  first g en e ra tio n  o f  p ro fe sso rs  to 
cu ltiva te  electrical en g in e e r in g  p ro g ram s, held  th e  ch a ir in physics at C o r 
nell U niversity  from  1872 to  1887 b efo re  o rg an iz in g  a fo u r-y ea r co u rse  in 
electrical e n g in e e r in g  th e re . E arlie r he tau g h t m echanics a n d  physics at 
Iow a S la te  U niversity  a n d  in secondary  schools. H e held  a d o c to ra te  from  
th e  Yale Scientific School (1856), w here  lie was first in his class, a n d  sho rtly  
a f te r  g ra d u a tio n  he w orked  as a m echanical en g in e e r  in a co tto n -m ach in e i y 
p lan t. H e left C o rn e ll to  d o  co n su lting  w ork a n d  n ight teach ing  at C o o p e r 
U n ion . T h re e  years la te r he  becam e p resid en t o f  the  A IEE. A m o n g  his 
pub lica tions w ere several tex tbooks.

L ouis D uncan , w ho h ead ed  M .I.T .'s  electrical e n g in ee r in g  p ro g ra m  a lte r  
C ross, also h ad  a b a c k g ro u n d  in physics. A n 1885 g ra d u a te  o f  tb e  U.S. 
Naval A cadem y, D uncan  was sent by th e  navy a lte r  several years ' service
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Figure VI.6. William A. Anthony.
Zourlesy of the Cornell University Archives, 

Ithaca, N.Y.

Figure VI.7. Louis Duncan. Courtesy of 
the M .I.T. Museum and Historical 

Collections, Cambridge, Mass.

to  J o h n s  H o p k in s  U n iversity  to  d o  g ra d u a te  w ork  in physics a n d  electric ity  
u n d e r  physics p ro fe s so r  H e n ry  A. R ow land . A t H o p k in s, D u n can  h e lped  
estab lish  th e  u n it  o f  e lectrical resis tance  fo r th e  U.S. g o v e rn m e n t. A fte r 
rece iv ing  his Ph .D . in 1887, he re s ig n e d  his com m ission  to  teach  in a H o p 
kins p ro g ra m  in ap p lie d  e lec tric ity  th a t h ad  b een  estab lish ed  in 1886. D u n 
can  h ad  m a jo r c o n tra c ts  as a co n su lta n t, in c lu d in g  w ork  o n  th e  W ash ing ton ,
D .C ., u n d e rg ro u n d  tro lley  system  a n d ,  in 1886, th e  first e lec trifica tio n  o f 
a p o rtio n  o f  a m ain -lin e  ra ilro a d , th e  B a ltim o re  tu n n e l o f  th e  B altim o re  & 
O h io  R ailroad . H e  also p layed  a le ad in g  ro le  in th e  elec trifica tio n  o f  th e  
T h ird  A v en u e  e lev a ted  ra ilro a d  in N ew  Y ork  C ity (1 8 9 7 -1 9 0 1 ). H is a p 
p o in tm e n t as c h a irm a n  o f  th e  new  elec trica l e n g in e e r in g  d e p a r tm e n t  at 
M .I.T . fro m  1902 to  1907 was ch a ra c te r iz e d  as u n fo r tu n a te  because  o f  his 
p re o c c u p a tio n  w ith  co n su ltin g  w o rk .20 A m o n g  h is c o n su ltin g  associates was 
F ran k  J .  S p ra g u e . D u n can  was e lec ted  p re s id e n t o f  th e  A IE E  in 1895. He 
w ro te  n u m e ro u s  re sea rch  p a p e rs .21

S oon  a seco n d  g e n e ra tio n  took  o v e r  th e  A m erican  p ro g ra m s . D ugald  C. 
Ja c k so n  a n d  H a rr is  J .  R yan o f  th e  seco n d  wave h a d  rem a rk a b ly  sim ilar 
c a ree rs . B o th  w ere  b o rn  in P ennsy lvan ia  a n d  bo th  s tu d ie d  elec trica l science 
a n d  tech n o lo g y  at C o rn e ll u n d e r  W illiam  A. A n th o n y . Ja c k so n  look  the 
p o s tg ra d u a te  co u rse  in 1 8 8 5 -8 7  a n d  R yan w o rk ed  as a re se a rc h  assistan t 
to  A n th o n y . T o g e th e r ,  in 1887, th e  new  g ra d u a te s  es tab lish ed  an  en g i
n e e r in g  firm  in L incoln , N eb rask a , bu t a f te r  a y ea r  R yan re tu rn e d  to  C o r
nell to  teach  a n d  Ja c k so n  becam e an  e n g in e e r  fo r  th e  S p ra g u e  Electric 
Railway & M o to r C o m p an y  a n d  th e n  a d is tric t e n g in e e r  in  C h icag o  fo r the  
E d ison  m a n u fa c tu r in g  in te re sts . Ja c k so n  was called  to  th e  U n iversity  o f  
W isconsin  in 1891 a n d  estab lish ed  th e  e lec trica l e n g in e e r in g  d e p a r tm e n t 
th e re ; R yan was h e a d  o f  e lectrical e n g in e e r in g  at C o rn e ll f ro m  1895 to 
1905. B o th  w ro te  basic tex ts; Ja c k so n , Alternating Currents and Alternating  
Machinery  (1896); R yan, Electrical Machinery (1903).

In  1905 R yan  becam e c h a irm a n  o f  th e  e lec trica l e n g in e e r in g  d e p a r tm e n t 
a t S ta n fo rd  U n iversity ; in 1907 Ja c k so n  a ssu m ed  th a t p o sitio n  a t M .I.T . 
Ryan d id  a p p lie d  re sea rch  as h ead  o f  th e  h ig h -v o ltag e  la b o ra to ry  a t S tan 
fo rd , w hich was la te r  n a m e d  fo r h im . W hile  h e  was a p ro fe s so r  a t M .I.T ., 
Jack so n  h e a d e d  Ja c k so n  & M o re lan d , a B oston  c o n su ltin g  en g in e e r in g  firm . 
R yan also  was active as a c o n su lta n t,  se rv in g , am o n g  o th e r  c lien ts, th e  Los 
A ngeles p o w er b u re a u . Ja c k so n  was p re s id e n t  o f  th e  A IE E  in  1907; Ryan, 
in 1923. D ugald  Ja c k so n  also se rv ed  as p re s id e n t o f  th e  Society fo r the  
P ro m o tio n  o f  E n g in e e r in g  E d u ca tio n  in 1905. D u rin g  W orld  W ar I, Jackson  
su p e rv ised  th e  p ro v is io n  o f  p o w er lo  A m erican  forces in F ran ce  a n d  Ryan 
h e a d e d  a la b o ra to ry  p ro jec t o n  su b m a r in e  d e tec tio n .

In  G e rm an y , E ra sm u s Kit tie r (o f th e  first wave) h ad  th e  b a c k g ro u n d  in 
physics. H e  h a d  a d o c to ra te  in  physics a n d  was a le c tu re r  in  physics a t the  
M un ich  7 7 / b e fo re  m ov ing  to  D a rm stad t. At D a rm stad t, how ever, he  a r 
ra n g e d  fo r  e lectrical tech n o lo g y  a n d  science to  b e o f fe re d  in an  in d e p e n d e n t 
d e p a r tm e n t r a th e r  th a n  u n d e r  th e  ju r isd ic tio n  o f  physics. H is con fid en ce

“"Sam uel Prescott, When M I T. Wa.x -Boston Tech." 1861-1916  (Cambridge. Mass.; M.I.T. 
Press, I9!i<l). B

I am indebted to Robert Rosenberg of T he  Johns Hopkins University for information 
on electrical engineering education at I tonkins.

n e t w o r k s  o f  p o w e r
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Figure VI.8. D. C. Jackson. Courtesy of 
the M .I.T. Museum and Historical 

Collections, Cambridge, Mass.

Figure VI.9. Professor and Mrs. Harris 
J. Ryan. Courtesy o f the Cornell University 

Archives, Ithaca, N.Y.

in th e  fu tu re  o f  th e  subject m ay have been  stim u la ted  by th e  M unich 
electrical ex h ib itio n  o f  1882, which he  se rved  as a section  ju d g e .  T h e  e x 
h ib ition  g e n e ra te d  th e  in te re s t o f  th e  g ra n d  d u k e  o f  H essen , h ead  o f  the 
p rov ince , w ho gave his s u p p o r t  to  K ittle r a n d  th e  sub jec t.22 K ittler's  p ro 
g ram  o f  stu d y  se rv ed  as a m odel fo r  o th e rs  in G erm any . It involved e igh t 
sem este rs  o f  n a tu ra l science, m athem atics , theo re tica l a n d  a p p lied  m e
chanics, econom ics, a n d  th e  science a n d  p ractice  o f  e lectrical en g in ee rin g . 
H e  in tro d u c e d  a final, c o m p reh en s iv e  exam in a tio n  (Abgangsexamen, la te r 
th e  Diplompriifung) as well as a q ua lifica tion  re q u ire m e n t (Priifungsordnung) 
th a t was to  follow a t least a y ea r o f  practical ex p erien ce .

K ittle r s tressed  th e  n eed  fo r  p ractical e x p e rien ce  to  co m p lem en t theo ry . 
H e  was a co n su ltan t on  n u m e ro u s  p ro jects, inc lu d in g  twelve la rg e  cen tra l 
s ta tions a n d  m any  iso lated  p lan ts fo r in d u s try , com m erce , a n d  public  fa
cilities. H e  a ssu m ed  responsib ility  fo r  e n tire  pro jects, a d m ire rs  re p o rte d , 
fro m  th e  p la n n in g  stages to  successful o p e ra tio n . M any o f  his s tu d en ts  
a ttr ib u te d  th e ir  success to  his em phasis  on  a th o ro u g h  g ro u n d in g  in th e  
p ractice , as well as th e  science, o f  e n g in e e r in g .23 K ittler was also th e  a u th o r  
o f  a w idely used  th ree -v o lu m e  tex t, Handbuch der Elektrotechnik (2nd  ed ., 
1892).

A d o lf Slaby a n d  G isbert K app , w ho dev e lo p ed  th e  p ro g ra m  in e lec tron -
B. ... , _ ical en g in e e r in g  a t th e  B e rlin -C h a rlo tten b e rg  77/, d if fe re d  from  K ittler
Figure VI. 10. Erasmus Kiltler. From . . . . .  -  l  i > i j  r  i l  ■ - •
Offizielle Zciiung . . .  F rankrun  am an d  lh e ir  U S - Pee rs  m  th a l lh e  b ack g ro u n d  o f  bo th  was m echanical en-

Main 1891, p. io). g in e e r in g  ra th e r  th an  physics. T h is  em phasis  o n  m ach ine  th eo ry  a n d  design

"  Deitmar, Starkstromlechnik, pp. 279-80.
” R. W erner. "7.u Kittlers 70. G cburutag," Elektrotrchnische Zntschnft 43 (1922): 865-66.



1 5 0 N E T W O R K S  O F  P O W E R

al th e  B erlin  school re su lte d  in p a r t  f ro m  th e  in f lu en ce  o f  W e rn e r  von 
S iem ens, w ho as a m a n u fa c tu re r  was in te re s te d  in m ach in e  desig n , e sp e 
cially th a t o f  g e n e ra to rs  a n d  m o to rs . W h en  S laby’s in te re s i tu rn e d  to  elec
trical co m m u n ica tio n s , a Held in w hich  h e  p u b lish ed  a p io n e e rin g  tex t, Die 
Funhentelegraphie (1897), a n d  in  w hich h e  to o k  o u t m a jo r p a ten ts , h e  b ro u g h t 
G isbert K ap p , a n o th e r  e lec trica l e n g in e e r  w ith  a m echan ica l b ack g ro u n d , 
to  th e  B erlin  777 facu lty . K ap p  h a d  h ad  ex ten siv e  e x p e rie n c e  in E n g lan d  
in th e  d es ig n  o f  e lec trica l m ach in e ry  a n d  e lectrical c e n tra l s ta tions. A lead 
ing  ad v o ca te  o f  p o ly p h ase  tran sm iss io n  a n d  p o w er system s, K a p p ’s books 
an d  a rtic les  o n  elec trica l m ach in e ry  a n d  tran sm iss io n  w ere  au th o rita tiv e  
g u id es  to  th e  science o f  e lec trica l e n g in e e r in g . K ap p  also  se rv ed  as first 
s ec re ta ry  o f  th e  V e rb a n d  D e u lsc h e r  E lek tro te c h n ik e r  (A ssociation  o f  G er
m an  E lectrical E n g in ee rs). In  1905 h e  gave u p  his facu lty  p o sition  in B erlin  
a n d  re tu rn e d  lo  E n g la n d , w h e re  h e  becam e  p ro fe s so r  o f  e lec trica l en g i
n e e r in g  at th e  U n iversity  o f  B irm in g h a m  a n d  e v en tu a lly  p re s id e n t o f  Brit- 

the Siemens Museum. Siemens AG, a jn -s in s ti tu tio n  o f  E lectrical E n g in e e rs .24
E n g la n d 's  W illiam  E. A y rto n , w ho ta u g h t e lectrical e n g in e e r in g  at the  

C en tra l In stitu tion  in L ondon , h ad  a notably d iverse  b ackground . H e passed 
th e  firs t B .A . e x a m in a tio n  o f  th e  U n iversity  o f  L o n d o n  in  1867 w ith h o n o rs  
in m a th em a tic s . H e  la te r  s tu d ie d  e lec tric ity  u n d e r  S ir W illiam  T h o m so n  
(L o rd  K elvin) a t G lasgow . F ro m  1873 to  1878 he  h e ld  th e  p ro fe sso ria l ch a ir  
in physics a n d  te le g ra p h y  al th e  Im p e ria l  E n g in e e r in g  C o llege  in  T ok y o , 
w hich  at th a t tim e  was th e  la rg est te chn ica l u n iv e rs ity  in th e  w orld . In  1879 
A y rto n  r e tu rn e d  to  L o n d o n  lo  b eco m e a p ro fe s so r  a t th e  recen tly  fo u n d e d  
City a n d  G u ild s  In s titu te . F ro m  1881 to  1884 he was p ro fe s so r  o f  ap p lied  
physics a t th e  in s ti tu te ’s F insbu ry  T e c h n ic a l C o llege . N ex t h e  b ecam e head  
o f  th e  physics d e p a r tm e n t  a n d  p ro fe s so r  o f  e lec trica l e n g in e e r in g  a t the  
C ity -a n d -G u ild s -su p p o rle d  C e n tra l  In s titu tio n .

A y rto n , like his p e e rs  in G e rm a n y  a n d  th e  U n ite d  S la tes , h a d  ex tensive 
p rac tica l e x p e rtise . B e fo re  m o v ing  to  T o k y o , he  w o rk ed  fo r th e  In d ian  
te le g ra p h  serv ice . In  E n g lan d  he s e rv ed  as a c o n su lta n t lo  th e  g o v e rn m e n t 
on  elec trica l e q u ip m e n t fo r  th e  navy a n d  ad v ised  p r iv a te  c o m p a n ie s  as well. 
H is ap p lie d  re se a rc h  in c lu d ed  w ork  on  tra n s fo rm e rs ,  p o w er transm ission , 
a n d  m e a su r in g  devices. A y rto n  p u b lish ed  n u m e ro u s  p a p e rs  a n d  a widely 
u sed  tex t, Practical Electricity (1887). In  1892, he  was e lec ted  p re s id e n t o f 
th e  In s ti tu tio n  o f  E lectrical E n g in ee rs . A y r to n ’s w ife, H e r lh a , a lso  was a 
scien tist a n d  e n g in e e r  o f  re p u ta tio n .  J o h n  P e rry , A y rto n ’s d e p a rtm e n ta l 
co lleag u e  at C e n tra l  In s ti tu tio n , co lla b o ra te d  w ith h im  in p rac tica l research  
as well as in teach in g .

F o r th e  m ost p a r t ,  th e n , it was physicists w ho o rg a n iz e d  th e  early  e lectrical 
e n g in e e r in g  co u rse s  a n d  d e p a r tm e n ts ,  a n d  so o n  g ra d u a te s  o f  th ese  d e 
p a r tm e n ts  w ere  le a c h in g  in th e m . J u d g in g  fro m  th e  c a re e rs  o f  th e se  second- 
g e n e ra tio n  sc ien tis t-cn g in ee rs , they  p laced  co n s id e rab le  em p h as is  on  p rac 
tical e x p e rie n c e  as well as th e  science o f  e lec trica l e n g in e e r in g  in  th e ir  
a cad em ic  a n d  c o n su ltin g  activities. T h u s  th ey  faced  in p rac tice  th e  challenge  
of th e  tra n s itio n  fro m  d ire c t c u r r e n t  to  th e  po ly p h ase , u n iv ersa l system .

M W edding. "Adolf Slaby," ibid. 34 (1913): 429-30; B. A. B ehrcnd, "Gisbert Kapp Dies al 
His Home," Electrical World 80 (1922): 499; D. G. T ucker. Gisbert Kapp. I8J2-1922  (Bir
mingham: University o f Birmingham. 19731.

Figure VI.12. Gisberl Knpp. Courtesy oj 
the Siemens Museum, Siemens AG, 

Munieh.
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T h is  tran s itio n , as has b een  seen , fu n d am en ta lly  a lte re d  prac tica l en d eav o rs  
a n d  in tro d u c e d  new  p ro b lem s fo r those w ho w ere d ev e lo p in g  a science of 
electrical eng ineering . T h e  n a tu re  o f  the response can be seen in the  changes 
m a d e  in e lectrical e n g in e e r in g  cu rr ic u la  be tw een  th e  early  1880s a n d  th e  
tu rn  o f  th e  c e n tu ry .25

In  1884, d u r in g  th e  d ire c t-c u r re n t e n ,  M .I.T .’s d e sc rip tio n  o f  its fo u r- 
yea r c o u rse  in e lectrical e n g in e e r in g  read :

T horough instruction is given in the theory of electricity. Also an extended 
course o f lectures is devoted to the consideration o f the various technical 
applications o f electricity to land and subm arine telegraphy, the telephone, 
electric lighting, and the electrical transmission o f power. Instruction is given by 
lectures and laboratory exercises upon the processes of photom etry, especially as 
applied to the m easurem ent o f electric lights. Advanced instruction in electrical 
m easurem ents, including work with dynamo-electric machinery, together with a 
course in the electrical testing o f telegraph lines is provided. T he subjects o f 
construction, specifications, and contracts also receive attention.26

T h is  su m m a ry  re flec ts  th e  physicist’s view o f  techno logy  as th e  app lica tio n  
o f  science. I t a lso in d ica tes  an  e n d u r in g  in te re s t in te le g ra p h y , a subject 
th a t h ad  e n g a g e d  tea c h e rs  o f  physics fo r  years a n d  th a t w ould  m e ta m o r
ph o se  to  d o m in a te  th e  c u rr ic u lu m  aga in  a h a lf-cen tu ry  la te r  w hen  w ireless 
a n d  electron ic com m unications evolved. T h e  electrical transm ission  o f  pow er 
re fe rs  no t lo  lo n g -d is tan ce  tran sm issio n  in co n tra s t to  c en tra l-s ia tio n  d is 
tr ib u tio n , b u t to  th e  g e n e ra l s tu d y  o f  electric ity  as a su b s titu te  fo r m e
chan ical p o w er tran sm issio n .

F ifteen  y ears la te r, th e  a n n u a l M .I.T . ca ta log  still c o n ta in e d  m u ch  o f  th e  
w o rd in g  o f  th e  e a r lie r  d e sc rip tio n , a fact th a t p e rh a p s  re flec ts  th e  p ro 
pensity  o f  facu lty  m em b ers  to  assign  low p rio rity  to  ca ta log  copy. Several 
g en e ra l s ta te m e n ts  in th e  1899 d esc rip tio n , how ever, m an ife s ted  th e  rev 
o lu tio n  th a t h ad  tak en  p lace in th e  field . “ U tilization  o f  p o w e r” h a d  been  
a d d e d , a n d  th e  sub jec t m a tte r  o f  th e  new  a n d  ex te n d e d  se ries  o f  practical 
lec tu res  in c lu d ed  a lte rn a tin g -c u r re n t g e n e ra to rs , m o to rs , a n d  tra n s 
fo rm ers . A m o n g  th e  p rac tic in g  e n g in e e rs  listed as g u es t le c tu re rs  w ere 
Louis Bell (on th e  transm ission  o f  pow er) a n d  J o h n  B lood  (on  th e  design  
o f  a lte rn a tin g -c u rre n t m ach inery ). T h e  m ost su b stan tia l a d d itio n  to  th e  
d esc rip tio n  was a tw o-page  listing  o f  th e  eq u ip m e n t u sed  in th e  lab o ra to ry  
o f  e lectrical e n g in e e r in g , m ost o f  it fo r a lte rn a tin g  a n d  po ly p h ase  ligh t a n d  
p o w er system s.27 B ecause th e  first year o f  th e  M .I.T . c u rr ic u lu m  was th e

*’ For fu rther comparison o f the curricula in U.S. engineering schools, see Francis C. 
Caldwell, "A Comparative Study of the Electrical Engineering Course Given at the Different 
Institutions,” Proceedings of the Society for the Promotion 0/  Engineering Education 7 (1899): 128. 
Professor Caldwell o f Ohio State University drew conclusions front a close study of the courses 
o f study in eighteen leading American technical universities.

For thc university and college catalogs and bulletins on which the present analysis is based,
I am indebted to Mrs. Jeanne Pingrec, archivist of the Imperial College of Science and 
Technology. London: the archivist of the I lessischc Landes und Hochschulbibliothek Darm
stadt; Mr. J . E. Bocll, d irector of archives. University o f Wisconsin: Mrs. Faith M. Towle, 
assistant reference librarian at M.I.T.; the reference librarian at Cornell University; and Mr. 
J . Louis Kuethe o r T he Johns Hopkins University library.

n M .l.r . Annual Catalogue. 1884-1885. pp. 43-M .
27 Ibid., 1899-1900. pp. 89-90.
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T aiii.f. VI. I. M .I.T .'s Electrical E ngineering Course of Study. 1884-1885

First Term

Physical Laboratory: Electrical Testing, and 
Construction of Instrum ents 

Testing of T elegraph  Lines, Dynamo Ma
chines, etc.

Technical A pplications o f Electricity to T el
egraph. Telephone, Electric Lighting, 
etc.: Lectures 

Mechanical Engineering 
Mecli. E ngineering Laboratory 
Applied Mechanics, Thermodynamics, Hy

draulics. etc.

Second Term 

Physical Research
Technical Applications of Electricity 
Advanced Physics. Memoirs, etc. 
Differential Equations 
T heory of Probabilities 
M ethod of Least Squares 
Calculus of Variations 
Mechanical Engineering 
Mcclt. Engineering Laboratory

Note: T he  student is advised to take Advanced G erman.

Source: M .I.T. Annual Catalogue, 1884—1885, p. 28.

sam e  fo r  all s tu d e n ts , a n d  because  in th e  n e x t tw o years, b o th  in 1884-85  
a n d  1 8 9 9 -1 9 0 0 , s tu d e n ts  c o n c e n tra te d  on  physics, m a th em a tic s , a n d  m e
chan ica l e n g in e e r in g , th e  fo u rth -y e a r  co u rse s  best show  th e  sta te  o f  e lec
trical te ch n o lo g y  a n d  science f ro m  th e  p e rsp ec tiv e  o f  th e  facu lty . A co m 
p a riso n  o f  th e  tw o ca ta logs reveals an  im p ressiv e  in c rea se  in com plex ity  
a n d  rich n ess  w ith in  a d e c a d e  a n d  a h a lf  (see T a b le s  V I. 1 a n d  V I.2).

In  1885 C o rn e ll U n iv e rsity ’s Sibley C o llege  o f  M echan ica l E n g in ee r in g  
a n d  th e  M echan ica l A rts  o f fe re d  an  e lec trica l e n g in e e r in g  p ro g ra m  th a t 
was n ea rly  id en tica l to  its m echan ica l e n g in e e r in g  c u rr ic u lu m  fo r  th e  fre sh 
m an , s o p h o m o re , a n d  j u n io r  years; in c lu d e d  in th is p ro g ra m  w ere  “d ra w 
ing , m a th em a tic s , m echan ics , m ech an ism , m a c h in e  d es ig n , th e  e lem en ta ry  
s tu d y  o f  physics, a n d  p re lim in a ry  p rac tice  in  th e  u se  o f  e lec trica l a n d  o th e r  
in s tru m e n ts .”2H T h e  w ork in th e  s e n io r  y e a r  in e lec trica l e n g in e e r in g  d if
fe re d  fro m  th a t in m ech an ica l e n g in e e r in g  only  in th e  s p r in g  te rm , w hen 
tra in in g  in th e  te s tin g , c o n s tru c tio n , a n d  m a in te n a n c e  o f  e lec tric  lig h ting  
a n d  te le g ra p h  system s was o f fe re d . S ibley C o llege  also o f fe re d  a one -y ea r 
p ro g ra m  o f  g r a d u a te  s tu d y  in e lectrical e n g in e e r in g  c o m p rise d  o f  cou rses 
in e lectrical m ach in e ry  a n d  p lan ts.

By 1900 W illiam  A n th o n y  was no  lo n g e r  at C o rn e ll, a n d  th e  electrical 
e n g in e e r in g  d e p a r tm e n t  h a d  b eco m e closely assoc ia ted  w ith  m echan ical 
en g in e e r in g . A s tu d e n t’s co u rse  o f  s tu d y  was th e  sam e d u r in g  his first th re e  
y ears reg a rd le ss  o l his in te n tio n  to  c o n c e n tra te  in m ech an ica l o r  e lectrical 
en g in e e r in g . In  h is fo u r th  year h e  co u ld  ch o o se  special w ork  in electrical 
e n g in e e r in g , b u t his d e g re e  was in m echan ica l e n g in e e r in g ; a sta tem en t 
was m a d e  in th e  d ip lo m a  to  th e  e ffec t tha t he  h ad  e lec ted  to  d o  w ork in 
th e  e lectrical e n g in e e r in g  d e p a r tm e n t .2"

T h e  D e p a rtm e n t o f  L ight a n d  Pow er, in w hich th e  d e p a r tm e n ts  o f  m e
ch an ica l e n g in e e r in g  a n d  e lec trica l e n g in e e r in g  w ere  assoc ia ted , asserted  
th e  business  c h a ra c te r  o l C o rn e ll’s p ro g ra m . This em p h as is  h a rm o n ized  
w ith C o rn e ll s sta tu s  as a la n d -g ra n l in s titu tio n  d ed ic a te d  to  in d u s tr ia l and  
ag ric u ltu ra l  e d u c a tio n . T he D e p a rtm e n t o f  L ight a n d  P ow er insisted  that

’*Cornell University, Register, 1885-86 p 107
’"Ib id .. 1900-1901, p. 832.
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T able VI.2. M.I.T.'s E lectrica l Engineering Course of Study. 1899-1900

Fourth Year

First Term Second Term

Technical Applications o f  Electricity to T elephony. Electric Technical Applications o f Electricity; Electric Motors;
Lighting. Electrical G eneration o f  Power, A lternating C urrent Machines 400. I l f
Railroad Signals, etc. 400. 403 Transmission and Distribution of Energy 11/

Methods o f Dynamo Testing (lectures) 402 Methods of Dynamo Testing (lectures) 402
General Electrical Testing 405 Principles of Dynamo Design I lf
Electrical Engineering Laboratory; Testing o f Dynamos. T elephone Engineering I lf

Electric Lamps, etc. 420 Electrical Engineering Laboratory; M easurements
Electrical Measuring Instrum ents and Methods (lectures) 406 of Dynamo Electric Machinery. Special Methods 42f
Theory of Periodic Curren ts 404 Theory of Periodic Currents 4(M
Photometry 392 Discussion of the Precision Measurements 42?
Steam Engineering 540 Engineering Laboratory 54!
Dynamics o f Machines 543 Economics o f Corporations 261
Hydraulics 471 Thesis
Engineering Laboratory 545
Strength o f Materials; Friction 86
Method o f Least Squares 57

Noie: S tudenu  having the requisite p reparation and ability may pursue more advanced courses in the mathematical theory ofeleciririi) 
and other subjects. With this end in view, competent students may take Fourier's Series and allied topics, also Energetics and Electro 
Chemistry, as extra studies.

Source: M .I.T. Annual Catalogue, 1899-1900, p. 41.

its m e th o d s, like th o se  o f  th e  Sibley C ollege o f  E n g in ee rin g  as a whole, 
w ere, “as fa r as p rac ticab le , those  o f  th e  business es tab lishm en t o r  e n g in e e r ’s 
office , a n d  ad m issio n  a n d  d isch a rg e  will be go v e rn ed  as fa r  as possible by 
business ru le s .”30 U n like  M .I.T ., which re q u ire d  libera l-a rts  co u rses  o f  its 
u n d e rg ra d u a te s  in e n g in e e r in g . Sibley C ollege assum ed  th a t s tu d en ts  had  
co m p le ted  th e ir  g en e ra l academ ic  e d u ca tio n  b e fo re  e n te r in g  its fo u r-y ea r 
p ro g ra m , a n d  th e re fo re  it o rg an ized  its e n tire  cou rse  o f  stu d y  solely to 
m eet th e  d e m a n d s  o f  th e  e n g in e e r in g  p ro fession . T h e  resu lt was a mix of 
m a th em atics , physical science, a n d  sho p w o rk  cou rses  d u r in g  th e  first th re e  
years.

T h e  electrical en g in e e r in g  cou rses  th e  s tu d en ts  w ere re q u ire d  to  take in 
th e ir  fo u r th  y ear in th is busin ess-o rien ted  e n g in e e r in g  en v iro n m en t dealt 
w ith th e  d esign  a n d  co n s tru c tio n  o f  e lectrical m ach inery , th e  d is trib u tio n  
o f  e lectric  ligh t a n d  th e  electrical transm ission  o f  pow er, as well as the  
co n s tru c tio n  a n d  m a in ten an ce  o f  e lectric  ligh ting  an d  p ow er p lan ts. Re
q u ire d  cou rses  in  physics gave special a tten tio n  to  the  n eeds o f  “th e  practical 
e lec tric ian .” T h e  electrical e n g in e e r in g  labo ra to ries  at C orne ll, like th e  o ne  
a t M .I.T ., w ere  eq u ip p e d  with a lte rn a tin g  a n d  po lyphase  m ach inery . In 
th e  fo u rth  year o f  s tu d y  s tu d e n ts  w ere en co u rag ed  to  show  a capacity  fo r 
" in te llig en t s tu d y  o f  special o r  o rig ina l p ro b lem s” by w riting  a thesis r e p 
re se n tin g  special investigation , p re fe rab ly  bo th  theo re tica l a n d  e x p e rim e n 
ta l.31 P ro fe sso r Ryan, w ho, possibly in acco rdance  with the  business env i
ro n m e n t o f  th e  college, was id en tified  as “consu lting  e n g in e e r ,"  of fe red  a 
tw o-sem este r co u rse  in e lectrical e n g in ee r in g  to  fo u rth -y ea r s tu d en ts . Ryan 
also ta u g h t cou rses  on  “th e  finance o f  the  p ro d u c tio n  and  u tilization  o f 
e lectrical e n e rg y "  a n d  “a h isto ry  o f  th e  dev e lo p m en t o f  e lectrical engi-

*> Ibid.. p. 330. 
Ibid.. p. 345.
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n e e r in g .” (T o  o f fe r  a h is to ry  o f  a field  th a t was so y o u n g  was rem ark ab le .)  
F o r g ra d u a te  s tu d e n ts  th e re  was R yan 's y ea r-lo n g  co u rse  in  e lectrical e n 
g in e e r in g . H e n ry  N o rris , w ho  h e ld  a d e g re e  in m echan ica l e n g in e e r in g  
a n d  was listed  as “e le c tr ic ia n ,” a n d  a “ M r. H o x ie” a lso  ta u g h t e lectrical 
e n g in e e r in g  co u rse s ; in a d d itio n , N o rr is  ta u g h t a g ra d u a te  c o u rse  o n  elec
tric  railw ays.

B ecause o f  th e  slow g ro w th  o f  e lec tric  p o w er system s d u r in g  th e  1890s 
in L o n d o n  by c o m p a riso n  w ith  C h icag o  a n d  B erlin , a n d  because  o f  th e  
fa ilu re  o f  p o ly p h ase  p o w e r system s lo  tak e  ho ld  in E n g lan d  b e fo re  1900, 
it is in te re s tin g  to  c o m p a re  th e  e lec trica l e n g in e e r in g  c u r r ic u lu m  a t L on
d o n ’s C ity  a n d  G u ild s  C e n tra l T e c h n ic a l C o llege  w ith th e  p ro g ra m s  o ffe re d  
at M .I.T . a n d  C o rn e ll. It sh o u ld  be reca lled  th a t th e  C e n tra l In s titu tio n , 
whose n am e was chan g ed  lo  C en tra l T echnical College in 1893, was founded  
by th e  C ity a n d  G u ild s  o f  L o n d o n  In s titu te  lo  p ro m o te  techn ica l ed u ca tio n  
in L o n d o n  a n d  th ro u g h o u t  th e  c o u n try . T o w a rd  th a t e n d ,  th e  C en tra l 
T e c h n ic a l C o llege  c o n d u c te d  o rd in a ry  as well as h o n o rs  e x am in a tio n s  in 
e lec trica l e n g in e e r in g . S tu d e n ts  p re p a re d  fo r th e se  n o t on ly  a t th e  C en tra l 
T e c h n ic a l C ollege b u t a t o th e r  te chn ica l in s titu tio n s  th ro u g h o u t  B rita in . 
C e rtif ica tio n  o f  th e  successfu l c o m p le tio n  o f  th e  ex am in a tio n s  was com 
p a ra b le  to  a d ip lo m a  in e n g in e e r in g  in th e  U n ited  S tates. P assing  th e  e x 
am in a tio n s  was also c o n s id e re d  eq u iv a len t to  th e  s ta tu s  o b ta in e d  a f te r  co m 
p le tin g  th e  sev en -y ea r a p p re n tic e sh ip  th a t trad itio n a lly  q u a lified  o n e  fo r 
ad m issio n  to  a c ra f t  gu ild .

A y rto n , w ho was o n e  o f  th e  first tw o p ro fe sso rs  a p p o in te d  by C ity and  
G u ild s  In s titu te  a n d  w ho  was b rie fly  assoc ia ted  w ith F in sb u ry  T ech n ica l 
C o llege  b e fo re  b eco m in g  o n e  o f  fo u r  p ro fe sso rs  a t th e  C e n tra l  In stitu tio n  
in 1884, p re s id e d  o v e r  th e  in s titu tio n 's  p ro g ra m  in elec trica l e n g in e e r in g  
fro m  1884 to  1908. H e  o rg a n iz e d  th e  elec trica l lab o ra to r ie s , gave re la ted  
lec tu re s , a n d  a d m in is te re d  a sm all d e p a r tm e n t  (al first th re e ,  b u t by 1899 
seven  p e rso n s). H e  also a d m in is te re d  th e  e lec trica l e n g in e e r in g  ex a m in a 
tions c o n d u c te d  by his in s titu tio n . As early  as 1886, 151 c a n d id a te s  from  
vario u s p a r ts  o f  B rita in  p re se n te d  th em selv es  fo r  o n e  o f  th e  tw o exam i
n a tio n s  in e lec trica l e n g in e e r in g .112 In  1885 th e  h o n o rs -g ra d e  ex am in a tio n  
in c lu d ed  o n e  q u e s tio n  ca lling  fo r th e  d e sc r ip tio n  o f  a n  a lte rn a tin g -c u r re n t 
m o to r  a n d  a n o th e r  ask in g  how  tw o a lte rn a t in g -c u r re n t  g e n e ra to rs  m ight 
be ru n  in  pa ra lle l, o r  se ries  (“c o u p le d  up"), an  a rra n g e m e n t  th a t h ad  not 
yet b een  w idely in tro d u c e d  in p ra c tic e /111

In  1885 A y rto n  was assisted  by a la b o ra to ry  associate , T .  M ath er, w ho 
b ecam e d e p a r tm e n t  h ead  in 1910, a n d  a w o rk sh o p  in s tru c to r . T o g e th e r  
they  p ro v id e d  a th re e -y e a r  p ro g ra m  in w hat was th e n  called  th e  physical 
d e p a r tm e n t ,  a p ro g ra m  th a t lo cu sed  o n  e lectrical e n g in e e r in g , h u t th a t also 
p ro m ise d , a c c o rd in g  to  d e p a r tm e n t d e sc r ip tio n , to  o rg an ize  co u rse s  in o p 
tical in s tru m e n t m ak in g  a n d  p ro b lem s o f  hea l a n d  v en tila tion .

In  1899 th e  th re e -y e a r  co u rse  re m a in e d  essen tia lly  m ath em a tic s , ch em 
istry , physics, m echan ics , a n d  e lec trica l e n g in e e r in g  lab o ra to r ie s  a n d  related  
lec tu res. C e n tra l  I echn ica l C o llege  em p h as ized  lab o ra to ry  w ork  to  the 
po in t th a t " in s tru c tio n  is g iven  largely  by tu itio n  in th e  lab o ra to rie s , the

' ‘ Telegraphic Journal and Electrical Review l ‘J(IH 8li): 120. 170, 240.
”  For a copy of ilic examination for ilic year, sec ibid. Mi I I8B5): 511.
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lec tu res  be in g  ra th e r  fo r th e  p u rp o se  o f  a id in g  th e  S tu d e n ts  in th e ir  lab
o ra to ry  p rac tice  th a n  o f  fo rm in g  a d istinct co u rse  by th em selv es .”3'' Lab
o ra to ry  w ork in th e  first year consisted  o f  q u an tita tiv e  ex p e rim e n ts  tha t 
w ere a r ra n g e d  to  verify  th e  laws o f  physics; th e  seco n d -y ea r lab o ra to ry  
p re p a re d  th e  s tu d e n ts  to  ca rry  o u t o rig in a l, in d e p e n d e n t investigations. 
D u rin g  th e  th ird  year, s tu d e n ts  w ere e x p ec ted  to  sp en d  m u ch  o f  th e ir  tim e 
o n  o rig in a l re sea rch  p ro jec ts .35 A y rto n ’s lec tu res  a n d  re la ted  lab o ra to ry  
w ork  in c lu d ed  a la rg e  u n it d ea lin g  w ith a lte rn a tin g  a n d  po ly p h ase  system s. 
H is lec tu res  a lso ex p la in ed  load  c u rv e  a n d  o th e r  aspects o f  th e  econom ics 
o f  e lectrical en g in e e r in g . L anguages, th e  social sciences, a n d  th e  h u m an itie s  
w ere e x c lu d ed  fro m  th e  cu rr icu lu m .

ju d g in g  by th ese  c o u rse  a n d  lab o ra to ry  d esc rip tio n s  a n d  by th e  qua lity  
o f  th e  facu lty , th e  B ritish  s tu d e n t was rece iv ing  an  ed u ca tio n  in electrical 
science a n d  techno logy  th a t eq u a led  th e  o ffe r in g s  at M .I.T . a n d  C orne ll. 
T h is  seem s to  have b een  th e  case d esp ite  th e  rela tively  slow d e v e lo p m e n t 
o f  electrical su p p ly , especially  e lec tric  po w er system s, in E n g lan d . A partia l 
e x p lan a tio n  fo r  th is seem in g  p a ra d o x  m ig h t be th a t th e  b ack w ard n ess  of 
B rita in 's  e lec tric  su p p ly  in d u s try  was qu an tita tiv e , n o t qua lita tive . G e rm an y  
a n d  th e  U n ited  S tates h ad  m o re  cen tra l-s ta tio n , d is tr ib u tio n , a n d  tra n s 
m ission system s, b u t those  th a t ex is ted  in E n g land  p ro v id ed  am p le  e x p e 
r ience  fo r  th e  c o u n try ’s e lectrical en g in e e r in g  faculty  a n d  s tu d en ts . I f  t ru e , 
th is e x p la n a tio n  raises se rio u s d o u b ts  ab o u t th e  value o f  th e  p a r lia m e n ta ry  
h ea rin g s  th a t w ere h e ld  to  investiga te  technical e d u ca tio n  as a cause o f  th e  
slow ing  pace o f  B ritish  industria liz a tio n .

T h e  p ro g ra m  estab lish ed  by K ittler in G e rm an y  in 1884—85 was th e  sam e 
th e  first tw o y ears as fo r all D a rm stad t T H  s tu d en ts . E lectrical science an d  
p rac tice  w ere s tre ssed  in th e  th ird  a n d  fo u rth  years. C o m p ariso n  o f  th e  
c u rr ic u la  fo r  s tu d e n ts  e n te r in g  M .I.T . a n d  D arm stad t in th e  academ ic  year 
1 8 84-85  reveals th a t th e  G e rm an  s tu d e n ts  w ere alm ost a y ear m o re  a d 
vanced  th a n  M .I.T . s tu d en ts . M athem atics c ou rses, especially  analy tical an d  
desc rip tiv e  g e o m e try  a n d  d iffe re n tia l a n d  in teg ra l calculus, w ere taken  th e  
first y ea r a t D a rm stad t a n d  th e  second  year a t M .I.T . T h e  G erm an  s tu d e n ts  
look  g en e ra l physics th e  first y ear a n d  physics lab o ra to ry  th e  second ; M .I.T . 
fo llow ed th is seq u en ce  in th e  second  an d  th ird  years. As n o ted , M .I.T . 
s tu d e n ts  co n c e n tra te d  on  electrical en g in e e r in g  in th e ir  fo u rth  year; D a rm 
stad t s tu d e n ts  b egan  th is specialization  in th e ir  th ird  y ea r.36 As o f  1884— 
85, D a rm sta d t s tu d e n ts  w ere re q u ire d  to  take  political econom y  in th e ir  
th ird  a n d  fo u r th  years; they  cou ld  elect h isto ry  o f  l i te ra tu re  a n d  fo re ign  
lan g u ag es. T h is  c o m p ariso n  w ith M .I.T . su p p o rts  th e  gen era liza tio n  tha t 
G e rm a n  s tu d e n ts  e n te re d  in stitu tio n s o f  h ig h e r  le a rn in g  a t least o n e  year 
m o re  ad v an ced  in th e ir  s tu d ie s  th a n  U.S. s tu d e n ts  a n d  th a t a g ra d u a te  o f  
fo u r  years o f  s tu d y  at a Technischen Hochschule h ad  th e  equ iva len t o f  a 
m a s te r’s d e g re e  in th e  U n ited  S ta tes .37

O f  th e  c u rricu la  c o n s id e red  he re , th e  d e v e lo p m en t o f  th e  c o u rse  o f  study

"Central Technical College. Session 1899-1900. Programme, p. 20.
Ibid., p. 23.

M Programm der Grosslierwglich Uesstchen Technischen Hochschule zu Darmstadt f.d. Studienjahr 
1884-85. pp. 57-58.

”  W ickcndrn, A Comparative Study of Engineering Education, pp. 2<t8-4‘).
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a t D a rm sta d t f ro m  th e  early  1880s to  1900 was th e  m ost im pressive. By 
1900, D a rm s ta d t’s basic e lec trica l e n g in e e r in g  c o u rse s  w ere  ta u g h t in th e  
first a n d  seco n d  y ears r a th e r  th a n  in th e  th ird  y ea r as fo rm erly . As a resu lt, 
th e  th ird  a n d  fo u r th  years  in c lu d e d  m o re  spec ia lized  c o u rse s  such  as p ow er 
tran sm issio n  system s, w a te r-p o w e r tech n o lo g y , a n d  th e  desig n  a n d  c o n 
s tru c tio n  o f  ce n tra l  sta tio n s. K illle r lim ited  his te a c h in g  in th e  th ird  an d  
fo u r th  y ears to  th e  g e n e ra l c o u rse  o n  elec trica l e n g in e e r in g  a n d  th e  Prak- 
tikum, o r  “p rac tica l tra in in g ,” fo r  e x am in a tio n .

In  ad d itio n  to  te a c h in g , c o n su ltin g , a n d  c u r r ic u lu m -p la n n in g , academ ics 
en g a g e d  in  re se a rc h . T h e y  o f te n  d e s ig n e d  th e ir  e x p e rim e n ts  to  p ro b e  th e  
rev e rse  sa lien ts  o f  th e  ev o lv ing  p o w er system s a n d  to  g a in  in fo rm a tio n  a n d  
th e o ry  co n d u c iv e  to  th e  d e fin it io n  a n d  so lu tio n  o f  critical p ro b lem s. S ince 
re se a rc h  occasionally  invo lved  g ra d u a te  s tu d e n ts , it d e p e n d e d  to  som e e x 
te n t o n  g ra d u a te  ed u c a tio n , b u t less so th a n  in re c e n t d ecad es. O f  the  
in s titu tio n s  co n s id e re d  h e re , on ly  C o rn e ll U n iversity  listed g ra d u a te  cou rses  
w ith  th o se  fo r  u n d e rg ra d u a te s .  In  th e  U n ited  S ta tes  b e fo re  W o rld  W ar I, 
th e  g e n e ra l a l t i tu d e  was th a t p rac tica l e x p e rie n c e , w ith la rg e  m a n u fa c tu re rs  
such  as G e n e ra l E lectric  o r  W eslin g h o u se  o r  w ith  a u tility , was su p e r io r  to 
s tudy  beyond  the  b ache lo r’s deg ree . M any em ployers viewed g ra d u a te  study 
as a w aste  o f  tim e  “h a n g in g  a ro u n d  co lleg e” a n d  as a m ean s  o f  avoid ing  
fac in g  u p  to  th e  rea l w o rld .39 T h e  special p ro g ra m s  in itia ted  by th e  large 
m a n u fa c tu re rs  d u r in g  th e  d e c a d e  b e fo re  W o rld  W a r I le ssen ed  in te re s t in 
p ro m o tin g  g ra d u a te  s tu d ies . T h e re  was little  “h a n g in g  a ro u n d ."  In  elec
trical e n g in e e r in g  d u r in g  th e  p e r io d  1 9 0 0 -1 9 0 9 , M .l.T . a w a rd e d  only  six 
m a s te r ’s d e g re e s  a n d  n o  d o c to ra l d e g re e s ; th e  fig u re s  fo r  C o rn e ll w ere 
fo u r te e n  m a s te r 's  d e g re e s  a n d  tw o d o c to ra te s .40

In  G e rm a n y  th e  g ra d u a te  o f  a fo u r-y e a r  T H  p ro g ra m  was at least a year 
a h e a d  o f  g r a d u a te s  f ro m  an  A m erican  u n iv e rs ity  a n d  th e re fo re  h a d  e a rn e d  
th e  eq u iv a len t o f  a m a s te r ’s d e g re e . T h u s ,  th e  Prufitngsordnung, o r  “q u a l
ifica tion  r e q u ir e m e n t ,” o f fe re d  by K ittle r a n d  in p ro g ra m s  m o d e led  on  his 
was m o re  ad v a n c e d  th a n  th e  m as te r 's  p ro g ra m  in th e  U n ited  S lates. T h e  
T H s in G e rm a n y  d id  n o t w in th e  je a lo u s ly  g u a rd e d  p riv ileg e  o f  a w ard in g  
d o c to ra l d e g re e s , h o w ev er, u n til 1899, w hen  K aiser W ilhelm  I p e rsu a d e d  
th e  un iv ersities  to  accep t th e  Technischen Hocfischuten a m o n g  th e  elect. In 
E n g lan d , p ro fe ss io n a l e n g in e e r in g  societies es tab lish ed  th e ir  p re ro g a tiv e  
in re co g n iz in g  th e  h igh ly  q u a lified  e n g in e e r  by a w a rd in g  h im  m e m b e rsh ip  
a f te r  e x a m in a tio n . T h e  s tr in g  o f  le tte rs  sig n ify in g  m e m b e rsh ip  th e re fo re  
s ign ified  e x p e r ie n c e  a n d  a d v an ced  lea rn in g .

D esp ite  th e  p au c ity  o f  g ra d u a te  p ro g ra m s  a n d  re sea rch  assis tan ts  in e lec
trical e n g in e e r in g  b e fo re  W orld  W ar I, th e  academ ics c o n d u c te d  research  
a n d  p u b lish e d  th e ir  resu lts . T h e y  chose  re se a rc h  p ro b lem s re la ted  to  evolv
ing  ligh t a n d  p o w er system s. T h e i r  a p p ro a c h  was scien tific , if  by "scientific" 
o n e  m ean s  u sin g  a n d  a t te m p tin g  to  fo rm u la te  g e n e ra l s ta te m e n ts  o r  laws; 
r e so r tin g  to  m a th e m a tic s  as an  ana ly tica l too l a n d  la n g u a g e ; fo rm u la tin g  
h y p o th ese s ; a n d  d es ig n in g  e x p e r im e n ts  in th e  lab o ra to ry  o r  in n a tu re  to

Programm drr Grasshmoglich Hrssischrn Trchmsrhrn llorhschulr lu Darmstadt f.d. Studirnjahr 
1900-1901. pp. 6-1-65.

’"T erm an , "History of Electrical Engineering Education." p. 1-102.
40 Ibid.. n. 1409 1
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test th ese  th eo ries . N o t on ly  was th e ir  research  m eth o d o lo g y  scientific, but 
th e ir  academ ic  c red en tia ls  in som e instances w ere c o m p arab le  to  those  of 
re sea rch  scientists. B ecause o f  th is com m on  m eth o d o lo g y  a n d  sh a re d  e d 
uca tiona l ex p e rien ce , th e  academ ic  electrical en g in ee rs  can  be called e n 
g in e e r in g  scien tists a n d  th e ir  w ork  th e  science o f  e n g in e e r in g . T h e  aca
dem ics o f ten  c a rr ie d  on  th e ir  resea rch  in th e  un iversities a n d  e n g in e e r in g  
colleges, b u t they  also d id  it as co n su ltan ts  to  in d u stry , bo th  in th e  p lan t 
an d  in  th e  field . A fte r  1900 m o re  e n g in e e r in g  a n d  n a tu ra l sc ien tists fo u n d  
a congenial research  env ironm en t in the  industrial laboratories o f  the  U nited 
S tales a n d  G erm an y .

T h e  academ ic  en g in e e r in g  scientists chose th e ir  re sea rch  p ro jec ts  in th e  
co n tex t o f  rev erse  salien ts, n o t in re sp o n se  to  an  evolv ing  p u re-sc ience  
p a rad ig m . F rom  ab o u t 1890 u n til W orld  W ar I, reverse  salien ts a ro se  in 
th e  un iversa l u rb a n  system  a n d  in p o in t-to -p o in t h igh -vo ltage  transm ission , 
dev e lo p m en ts  th a t fo llow ed u p o n  th e  re so lu tion  o f  “th e  ba ttle  o f  th e  sys
tem s” a n d  th e  in tro d u c tio n  o f  po ly p h ase  system s. Electrical e n g in e e rs  w ho 
e s tab lished  th e  ea rlies t electrical e n g in e e r in g  p ro g ram s p u b lish ed  early  in 
th e ir  c a ree rs . T h e y , too , focused  on  p rob lem s re la ted  to  th e  m ain  line o f  
d e v e lo p m e n t a n d  th e reb y  co n tr ib u te d  to  th e  m o u n tin g  m o m en tu m . T h ey  
d id  n o t m ak e  b re a k th ro u g h  in v en tions like those  o f  th e  in d e p e n d e n t in 
ven to rs , b u t they  w orked  on  critical p ro b lem s th a t, w hen  solved, allow ed 
fu r th e r  d e v e lo p m e n t o f  u rb a n  system s a n d  po in t-to -p o in t transm ission . 
A fte r th e  fo u n d in g  o f  th e  A m erican  In s titu te  o f  E lectrical E n g in ee rs  in 
1884, they  o f te n  u sed  its p rin c ip a l o rg an , th e  A IE E  Transactions, as th e ir  
m ed iu m  o f  pub lica tion .

L ouis D u n can , w ho ta u g h t a t bo th  T h e  J o h n s  H o p k in s U niversity  an d  
M .I.T ., p u b lish ed  an  artic le  in th e  Transactions in 1887 on  th e  im p ro v em en t 
o f  a lte rn a tin g -c u r re n t m o to rs , o n e  o f  th e  critical p rob lem s o f  th e  decade . 
T w o  y ears la te r, he  p u b lish ed  a p a p e r  ab o u t c o n d u c tin g  effic iency  tests o f  
a.c. a p p a ra tu s  in  u rb a n  cen tra l sta tions. At this early  d a te , D uncan  s tressed  
th e  technical a n d  econom ic  s ign ificance o f  the  load d iag ram . Two m o re  
artic les on  a.c. system s follow ed in 1892 a n d  1894, w hen  he  d irec ted  his 
a tte n tio n  to  th e  critical p ro b lem  o f  p o lyphase  m o to rs .1,1 D ugald  C. Jack so n , 
w ho su cceed ed  D uncan  at M .I.T ., also p ub lished  early  a n d  o ften . H e, loo, 
co n c e n tra te d  on  critical p ro b lem s associated w ith th e  d e v e lo p m en t o f  a l
te rn a tin g  a n d  p o lyphase  system s. F u rth e rm o re , Jack so n  d irec ted  his a t te n 
tion  to  electrical en g in e e r in g  e d u ca tio n .112

41 Louis Duncan, “A licrnaling Currenl Electric Motors." AIEE Transactions 5 (1887-88): 
211-35; idem. "Some Tests on the Efficiency of Alternating Current A pparatus." ibid. 7 
(1889-90): 109-27; idem. "Note on Some Experiments with Alternating Currents." ibid. 9
(1892): 179-91; and L. Duncan. S. I I. Brown, W. P. Anderson, and S. Q. I laycs, "Ex|>criments 
on Two-Pltasc Motors," ibid. II ( 189'1): CI7-38. I am indebted lo Robert Bellield Tor bis 
extensive and detailed search for. and categorization of. the academics who published in the 
AIEE Transactions from 1887 lo 1904.

4* D. C. Jackson and R. J. Ochsncr. "Alicrnaling Currents and Fuses," AIEE Transactions 
I I (1894): 430-40; D. C. Jackson and S. B. Fortcnbaugh, "Some Observations on a Direct- 
Connected 300 K.W. Monocyclic A lternator." ibid. 12 (1895): 350-57; D. C. Jackson, "The 
Com mutated Current Wave of a Composite Wound A lternator," ibid. 15 (1899): 403-8; idem, 
“T he Technical Education of the Electrical Engineer," ibid. 9 (1892): 476-99; and idem, " The 
Typical College Courses Dealing with the Professional and Theoretical Phases of Electrical 
Engineering." ibid. 22 (1903).
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H a rris  J .  Ryan o f  C o rn e ll,  a n o th e r  o f  th e  seco n d  wave o f  e lectrical e n 
g in e e r in g  academ ics, w ro te  a n  a rtic le  on  tra n s fo rm e rs  fo r  th e  Transactions 
in 1889 a n d  also r e p o r te d  o n  a l te rn a tin g -c u r re n t a p p a ra tu s . In  1899 he 
pub lish ed  in th e  sam e j o u rn a l  an  a rtic le  o n  th e  wave fo rm  o f  a lte rn a tin g  
cu rre n ts . In  1903 h e  w ro te  a b o u t a c a lh o d e -ra y  a lte rn a tin g -c u r re n t wave 
in d ica to r, an  im p o r ta n t in s tru m e n t fo r  analysis o f  p ro b lem s a ris in g  in high- 
vo ltage tran sm issio n . R y an ’s 1905 a rtic le , “T h e  C o n d u ctiv ity  o f  th e  A t
m o sp h e re  a t H igh  V o ltages,"  a lso  p e r ta in e d  to  h ig h -vo ltage  tran sm issio n .43

B ecause R yan ta u g h t in  a m a jo r e lectrical e n g in e e r in g  d e p a r tm e n t  and  
e n g in e e r in g  co llege a n d  was in flu en tia l in th e  fie ld , his ea rly  a n d  pe rs is ten t 
re sea rch  p e r ta in in g  to  th e  c ritical p ro b lem s o f  h ig h -v o ltag e  transm ission  
p ro v id e  in sigh t in to  th e  c h a ra c te r  o f  a d v an ced  acad em ic  re sea rch  in e lec
trical e n g in e e r in g  b e fo re  W orld  W ar I.44 W hile  s tu d y in g  a t C o rn e ll u n d e r  
A n th o n y , R yan first b ecam e in te re s te d  in w hat w ould  b ecom e his ch ief 
focus— th e  s tu d y  o f  h ig h -vo ltage  p h e n o m e n a . T h e  c ircu m stan ces o f  his 
ea rly  co m m itm en t involved  a visit a r ra n g e d  by A n th o n y  in ab o u t 1886 to 
th e  w orks o f  F ran k  S p ra g u e , p io n e e r  in e lec tric  trac tio n  a n d  m otors. 
S p ra g u e ’s re m a rk s  ab o u t e lec tric  p o w er tran sm iss io n  “s ta r te d  m e o u t in life 
w ith a n e v e r-e n d in g  e n th u s ia sm  fo r  th e  s tu d y  o f  h ig h  vo ltage  p h e n o m e n a ,” 
Ryan reca lled .45 T h e  fact th a t he  was a w a rd e d  th e  E d ison  M edal o f  the 
A IE E  in 1925 “ fo r his co n tr ib u tio n s  to  th e  science a n d  th e  a r t  o f  high- 
ten sio n  tran sm issio n  o f  p o w e r” su g g ests  th a t his self-analysis was so u n d .46

T h e  b ib lio g rap h y  o f  his n u m e ro u s  techn ica l a rtic les  in  vario u s jo u rn a ls  
show s th a t a f te r  p u b lish in g  th irty -sev en  a rtic les  o n  d iv e rse  subjects (but 
with a te n d en cy  to w ard  a lte rn a tin g -c u r re n t p ro b lem s) h e  tu rn e d  in 1903 
o r  1904 to  h igh  vo ltages a n d  tran sm issio n s a n d  th a t his a tte n tio n  rem a in ed  
focused  on  th is sub jec t u n til his last a rtic le , w hich a p p e a re d  in  1925. O f 
th e  fo r ty -fo u r  a rtic les  p u b lish ed  by Ryan a f te r  1903, all b u t ten  a re  id en 
tifiab le  by title  as d e a lin g  with h ig h -v o ltag e  a n d  tran sm iss io n  p ro b lem s.47

R yan’s m a jo r p a p e r  on  h ig h -v o ltag e  p ro b lem s was p u b lish ed  in 1905 
a f te r  be in g  read  b e fo re  th e  A IE E  on  26  F e b ru a ry  1904.48 “T h e  fu n d a 
m en ta ls  set fo r th  in th is p a p e r  w ere  a d is tinc t co n tr ib u tio n  to  electrical 
science .’’49 C h a rle s  F. Scott, a p io n e e r  in th e  w o rk in g  o u t o f  th e  un iversal 
system  a n d  in tran sm iss io n , said : “T h e  p a p e r  we have  ju s t  h e a rd  read  is a 
re m a rk a b le  o n e , a n d  will p ro b ab ly  be c o n s id e re d  u n iq u e  am o n g  th e  papers 
p re se n te d  to  o u r  Institute.''™  S uch  a tte n tio n  a n d  h igh  p ra ise  a re  no t sur-

”  H arris J. Ryan's articles included "T ransform ers." ibid. 7 (1889-90): 1-29: "Some Ex
perim ents upon Alternating C urrent A pparatus." ibid.. pp. 324-65; "T he D etermination of 
Wave Form of Alternating Curren ts without a Contact Maker," ibid. 16(1899): 345-60: T  he 
Cathode Ray A lternating-Current Wave Indicator," ibid. 22 (1903): 593 ff.: and T h e  Con
ductivity or the Atm osphere at High Voltages." ibid. 23 (1904): 101-34.

4,1 On Ryans research sec W. F. D urand's memoir "H arris Joseph Ryan. 1866-1934," in 
National Academy of Sciences. Biographical Memoirs, vol. 19 (W ashington. D.C.. 1938). pp. 
285-306 (hereafter cited as "Ryan," Biographical Memoirs).

44 Ibid.. p. 287.
4r’ Ibid.. p. 299.
4’ I have relied on the Ryan bibliography appended to D urand's memoir as the basis for 

my analysis. Ibid.. pp. 302-6.
4" Ryan, "High Voltages."
'""Ryan," Biographical Memoirs, 19: 294.
40 Discussion of Ryan's 1904 paper. M EE Transactions 23 f 19041: 135.
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pris in g , how ever, fo r  by usin g  a scien tific  m e th o d . Ryan h ad  solved .1 critical 
p ro b lem  d e f in e d  by Scott in e x p e r im e n ts  fo r th e  W estin g h o u se  C o m p a n y — 
a p roblem  that h ad  cast serious doub t on the possibility o f  e xceeding  10,000-
5 0 ,0 0 0  volts in lo n g -d is tan ce  p o w er tra n sm is s io n /’1

Ryan h ad  b een  a ttra c te d  to  th e  p ro b lem  by S co tt’s 1899 a r tic le  d escrib in g  
p o w er losses in h ig h -v o ltag e  tran sm issio n  lines d u e  to  th e  c o ro n a  e f f e c t / ’* 
H e  d e f in e d  m o re  p recisely  th e  variab les a ffec tin g  th e  onset ol c o ro n a  an d  
th e  a t te n d a n t loss b e tw een  lines. A fte r  e x p e rim e n ta tio n  a n d  analysis, he 
fo rm u la te d  an  eq u a tio n  e x p re ss in g  th e  re la tio n  betw een  th e  c ritical, co rona- 
cau sin g  vo ltage, c o n d u c to r  sizes, a n d  th e ir  sep a ra tio n . H e  also so u g h t the 
value o f  th e  r u p tu r in g  e lec tric  field  a n d  th e  d is tan ce  fro m  th e  su rface  ol 
th e  c o n d u c to r  a t w hich  r u p tu r e  o c c u rre d .

T h is  is n o t th e  p lace to  discuss th e  e q u a tio n , its variab les a n d  constan ts, 
fo r  R yan has d o n e  th a t w ith ad m ira b le  clarity  in his p a p e r , b u t th e  n a tu re  
o f  R y an ’s style o f  re sea rch  m erits  a tte n tio n . H is m e th o d  was scien tific ; his 
h y p o th esis  can  be su m m a riz e d . A ccep tin g  elec tric -fie ld  th eo ry , lie assum ed  
lh a l an  e lec tric  fo rce  a p p lie d  lo  th e  te rm in a l faces o f  a d ie lec tric  p ro d u c e d  
a  “d is to r tio n  o f  th e  a to m ic  s t ru c tu re  o f  th e  d ie lec tric ."  B ecause h igh -vo ltage  
tran sm issio n  lines in p ro x im ity  w ere s e p a ra te d  by a d ie lec tric  (a tm o sp h e re ), 
th e  elec tric  fo rce  o f  th e  h ig h  vo ltage  d is to r te d  th e  e lec tric  field  in the 
a tm o sp h e re . C o ro n a , a visible e ffec t d e sc rib ed  e a r lie r  by Scott (see p. 1G2 
below ),53 a n d  p o w e r loss fina lly  o c c u rre d , R yan believed , w hen  th e  d ielectric  
was ru p tu re d  by th e  fo rce  o f  th e  h ig h -vo ltage  a n d  h igh -d isp lacem en t c u r 
ren t. W hen  ru p tu r e  cam e  at th e  critical vo ltage, o rd in a ry  co n d u c tio n  c u r 
re n t in th e  d ie lec tric  a n d  c o ro n a  b ro u g h t su b stan tia l rea l-p o w er loss from  
th e  lines b ecau se  th e  resis tan ce  o f  th e  c o n d u c tin g  zone  p ro d u c e d  a lag in 
th e  c h a rg in g  c u r r e n t ,  th e re b y  g iv ing  it a po w er co m p o n e n t in ph ase  with 
th e  vo ltage. R yan h y p o th es ized  th a t th e  critical, co ro n a -cau s in g  vo ltage was 
a fu n c tio n  o f  t ran sm iss io n -lin e  d ia m e te r  a n d  spac ing , fo r  th ese  d e te rm in e d  
th e  cha rac te ris tic s  o f  th e  d ie lec tric . In  his p re lim in a ry  s ta tem en t o f  th eo ry  
a n d  h y p o th es is  o f  cap ac itan ce  reac tio n s, Ryan cited  th e  p r io r  re sea rch  o f  
C h a rle s  P. S te in m e tz , J .  J .  T h o m so n , a n d  o th e rs .5,1

R yan u sed  th e  e x p e rim e n ta l ob se rv a tio n s o f  Scott, bu t it becam e ev iden t 
th a t he  n e e d e d , in a d d itio n , to  p lan  a n d  d esign  a series o f  ex p e r im e n ts  to 
o b ta in  th e  d a ta  necessary  to  w rite  th e  fo rm u la s  ex p re ss in g  th e  re la tio n  o f  
th e  fac to rs  co n d itio n in g  th e  s ta r t  o f  a tm o sp h e ric  loss a n d  co ro n a . In  the  
sp r in g  o f  1903 R yan set u p  th e  ex p e rim e n ta l a p p a ra tu s  w ith th e  h e lp  o f  
h is s tu d e n ts . H e s u sp e n d e d  th e  w ire, o r  co n d u c to r , th a t s im u la ted  the  
tran sm issio n  line a t th e  c e n te r  o f  a m etallic  lube . T h e  electric  field was to 
be estab lish ed  be tw een  w ire  a n d  tube . The tu b e  also facilita ted  con tro l o f  
te m p e ra tu re  a n d  a tm o sp h e ric  co n d itions. H av ing  a lread y  estab lished  the 
value o f  c a th o d e -ray  in d ica to rs  fo r  o b se rv in g  a lte rn a tin g  c u rre n ts , he used

*' "Ryan." Biographical Memoirs, 19: 2!)3. In his memoir on Ry:in, D urand expressed die 
belief tlial Scon's work casl serious doubl on die use o f voltages above 40,000.

' ’ Charles F. Scott, "High-Voltage Power Transmission," A!EE transactions 15 (1800): 531. 
*" Charles P. Sleininclz bad used the term "corona” in an 1803 papet on high-voltage 

discharge (ibid. 10 (1893): 85). See Ryan. "High Voltages.” p. 104.
" R y a n , "High Voltages," pp. 105-8.
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an  oscilloscope in th is e x p e r im e n t .53 H e also p laced  o u ts id e  a n d  a longside 
th e  lu b e  a brass ro d  in o r d e r  to  o b se rv e  d iffe re n c e s  o n  th e  oscilloscope 
betw een  th e  ch a rg in g  c u r r e n t  fo r w ire a n d  tu h e  a n d  th e  c h a rg in g  c u rre n t 
betw een  tu b e  a n d  b rass  ro d . H e  a ssu m ed  no  a tm o sp h e ric  d isch a rg e  w ould 
o ccu r betw een  th e  lu b e  a n d  ro d . Sw itches allow ed h im , fo r co m p ariso n , to 
a lte rn a te  th e  w ire  a n d  th e  ro d  in th e  h ig h -v o ltag e  c ircu it. T h u s  he  e stab 
lished  his re fe re n c e . H is a p p a ra tu s  a lso in c lu d ed  h ig h -vo ltage  a n d  voltage- 
a d ju s tin g  tra n s fo rm e rs  a n d  a p h a se -a d ju s tin g  in d u c tio n  m o to r.

Ryan a n d  his assistan ts w atched  as th e  c h a rg in g  c u r r e n t  fro m  w ire to 
tu b e  re m a in e d  th e  sam e as th a t f ro m  th e  ro d  to  th e  tu b e  as th e  vo ltage was 
in creased . T h e n ,  at th e  c ritical p o in t in th e  vo ltage rise, th e  an tic ip a ted  
h u m p  in th e  d isp lay  o f  th e  c u r r e n t  c h a rg in g  th e  w ire  o c c u rre d ; no  com 
p a rab le  ev en t was seen  in th e  o th e r  c h a rg in g  c u r re n t.  I f  th e  ro o m  was 
d a rk e n e d , th e  c o ro n a  a p p e a re d  at th e  sam e in stan t. T h e  d esig n  w orked , 
a n d  th e  e x p e r im e n te rs  tu rn e d  to  co llec ting  d a ta  o n  d if fe re n t d ia m e te r  wires 
a n d  o th e r  fac to rs  a ffec tin g  co ro n a . T h e  ob jective was n o t o b scu re ; Ryan 
w an ted  to  su p p ly  en g in e e rs  a n d  m a n u fa c tu re rs  w ith tab les (ca lcu la ted  by 
m ean s o f  his eq u a tio n )  th a t show ed  w hat d ia m e te r  o f  line c o n d u c to r  and  
w hat sp ac in g  h ad  to  be u sed  to  avoid  loss b e tw een  c o n d u c tio n  lines on 
w hich spec ified  vo ltages w ere to  be tra n s m it te d .56 H e was in te re s te d  not 
on ly  in th e  h ig h est vo ltage th e n  be in g  u sed  co m m erc ia lly  b u t a lso  in those 
th a t co u ld  be reasonab ly  an tic ip a te d  in th e  n e a r  fu tu re . R y an ’s research  
a n d  his resu lts  d ea lt w ith c o n te m p o ra ry  p ro b le m s o f  h ig h -v o ltag e  en g i
n e e r in g ; they  also reach ed  in to  th e  f u tu re .57

A cadem ics like Ryan d id  re sea rch  in th e  e n g in e e r in g  schools a n d  the 
u n ivers ities , b u t th e  m ost active re sea rch  site in creasin g ly  becam e th e  elec
trical m a n u fa c tu r in g  co m p an y . A fte r  1900 th e  la rg e  e lec trica l m a n u fac 
tu re rs  e s tab lished  re sea rc h -a n d -d e v e lo p m en t lab o ra to rie s , b u t u n til then  
th e  e n g in e e r in g  d e p a r tm e n ts  o f  m a n u fa c tu r in g  co m p an ie s  w ere  re sp o n 
sible fo r inv en tio n  a n d  d e v e lo p m e n t. T h e  e n g in e e r in g  d e p a r tm e n ts  th e re 
fo re  d o m in a te d  re sea rch  a n d  d e v e lo p m e n t d u r in g  th e  in te rva l a f te r  the  
ap o g ee  o f  E dison  a n d  th e  in d e p e n d e n t in v en to rs  a n d  b e fo re  th e  estab lish
m en t o f  th e  m a jo r in d u s tr ia l re sea rch  lab o ra to rie s . G en e ra l h isto ries of 
te chno logy  a n d  science le n d  to  ig n o re  th e  im p o r ta n t ro le  o f  th e  e n g in e e r in g  
d e p a r tm e n ts  d u r in g  th e  fo rm a tiv e  y ears o f  th e  e lectrical in d u s try .58

"  Ryan pioneered in America in die use of the oscilloscope as a research tool for the study 
o f alternating-current phenom ena. Sec "Ryan." Biographical Memoirs, pp. 202-3: and Ryan. 
"The Cathode Ray Alternating C urrent Wave Indicator," pp. 53!) ff.

'‘"Ryan, "High Voltages." p. 127.
”  Sec remarks o f Charles F. Scott in discussion of Ryan's "High Voltages." AIEE Transactions 

23 (1904): 135.
'* Harold Passer, The Electrical Manufacturers. 1875-1900  (Cambridge, Mass.: Harvard Uni

versity Press, 1953), describes the problem solving tbat was done by the engineering staffs of 
leading American m anufacturers, especially General Electric and W eslingbouse. T he third 
part of his book deals with the invention and development associated with the rise of electric 
traction and alternating- and polyphase-current equipm ent (pp. 211-345). A rthur A. Bright. 
Jr ., 'I lie Eleclnc-Lam/i Industry: Technological Change and Economic Development from 1800 to 1947 
(New York: Macmillan, 1949), tells of research, invention, and developments within the 
industry not only in the United Slates but in England and Europe as well. His study also 
shows that m anufacturers presided over research and development after 1890. Von Siemens. 
House of Siemens, discusses light and power systems research and development at Siemens &
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T h e re  a re  co u n tle ss  ex am p le s  o f  critical p ro b lem s be in g  so lved  by -m an 
u fa c tu re rs ' en g in e e rs . N o te  has b een  tak en  o f  th e  d ev e lo p m en t o f  t ra n s 
fo rm e rs  a n d  m o to rs  a t W es lin g h o u se  in th e  U n ited  S ta tes a n d  A EG  in 
G erm an y , a n d  o f  ro ta ry  co n v e rte rs  a t bo th  W esiin g h o u se  a n d  G en e ra l 
E lectric. M a n u fa c tu re rs  a lso  focused  o n  th e  p ro b lem s o f  tran sm issio n . C o n 
ceivably th e  utilities m ig h t have  tak en  responsib ility  fo r re sea rch  a n d  d e 
ve lo p m en t. N ev e rth e le ss , a f te r  th e  in d e p e n d e n t  in v en to rs  a n d  a lo n g  with 
th e  academ ics, e q u ip m e n t m a n u fa c tu re rs  such  as W estin g h o u se  took  th e  
in itia tive  in so lv ing  th e  sa lien t critical p ro b lem s. A s a re su lt,  so lu tio n s in 
th e  fo rm  o f  new  e q u ip m e n t te n d e d  to  be s ta n d a rd iz e d  in th e  U n ited  S tates 
a n d  G erm an y , w h e re  th e  m a n u fa c tu r in g  co m p an ie s  w ere la rg e  a n d  in f lu 
en tia l. In  co n tra s t ,  in B rita in  th e  co n su ltin g  e n g in e e rs  a n d  u tilities spec ified  
cha rac te ris tic s , a n d  a c o n fu s in g  varie ty  re su lted .

In  th e  U n ite d  S ta les  o n e  e x a m p le  o f  co m p an y  e n g in e e rs  so lv ing  p ro b lem s 
involves W estin g h o u se  a n d  tw o o f  its en g in e e rs , C h a rle s  F. Scott a n d  R alph  
M ersh o n . T h e i r  e x p e r im e n ta tio n  a n d  field  w ork  s tim u la ted  th e  lab o ra to ry  
re sea rch  o f  H a r r is  R yan . Scott, w ho was b o rn  in A th en s, O h io , in 186-1, 
a tte n d e d  O h io  U n iv ersity  a n d  th e n  rece ived  a b ach e lo r 's  d e g re e  fro m  O h io  
S ta le  U n iversity . In  18 86  a n d  1887 h e  d id  ad v an ced  w ork  in physics, m a th 
em atics, a n d  ch em is try  a t T h e  J o h n s  H o p k in s  U niversity . In  1888 he  b egan  
w o rk in g  fo r  th e  W estin g h o u se  E lectric  8c M an u fa c tu r in g  C o m p an y , w here  
be b ecam e a ssis tan t e lec tric ian  in 1891, e lec tric ian  in 1893, a n d  c h ie f  e lec
tric ian  in 1896. B esides ta k in g  a lead  in a r tic u la tin g  th e  u n iv ersa l e lectric  
p o w er system , he  in v en ted  th e  Scott c o n n ec tio n  in 1894, w hich  was used 
be tw een  th e  N ia g a ra  p o w er p lan t a n d  th e  tran sm issio n  line to  B uffa lo . T h e  
Scott co n n e c tio n  “T -c o n n e c te d "  tw o tra n s fo rm e rs  to  ch a n g e  tw o-phase  c u r 
r e n t to  th e  th re e -p h a s e  a r ra n g e m e n t  a n d  was w idely u sed .59 In  1911 Scott 
accep ted  th e  p ro fe s so rsh ip  o f  e lectrical e n g in e e r in g  at th e  S heffie ld  Sci
en tific  S chool, Y ale U n iversity , w h e re  h e  se rv ed  as d e p a r tm e n t h ead  until 
his re tire m e n t in 1933. R alph  M ersh o n , his associate , was b o rn  in Zanesville, 
O h io , a n d  rece iv ed  a d e g re e  in m echan ica l e n g in e e r in g  in 1890, also from  
O h io  S ta te  U n iversity . Jo in in g  th e  W estin g h o u se  C o m p an y  in 1891, he 
d e s ig n e d  th e  t ra n s fo rm e rs  th e  c o m p an y  d isp lay ed  a t th e  C h icago  e xposition

Halske and includes dala on o ther Germ an m anufacturers. Sigfrid von W eiher and Herbert 
Goeizcler, The Siemens Company: Its Historical Role in the Progress of Electrical Engineering (Berlin 
and Munich: Siemens, 1972), survey inventions and innovation within a company selling. 
T here  are no studies comparable to Passer’s Electrical Manufacturers o r Bright's Electnc-Lamp 
Industry as far as the British m anufacturers are concerned. I. C. K. Byatl, The British Electrical 
Industry, 1875-1914  (Oxford: C larendon Press, 1979), stresses economic rather than tech
nological developments; Lord Hinton o f Bankside. Heavy Current Electricity in the United King
dom: History and Development (Oxford: Pcrgamon Press, 1979). offers an insightful but relatively 
short survey o f Britain's electrical supply and m anufacturing industries; and Leslie H annah. 
Electricity Before Nationalisation (Baltimore: T he Johns Hopkins University Press. 1979). con
centrates on Britain's supply industry, stressing business, economic, and political developments 
rather than research and development.

Engineering departm ents in other m anufacturing industries also underw ent the transition 
from the era o f the independent, professional inventor to that o f the industrial research 
laboratory. See, for example, Lillian H oddeson, "The Emergence of Basic Research in the 
Bell T elephone System, 1875-1915,” Technology and Culture 22 (1981 ):!> 12—44.

“ Jam es E. Brittain, ed.. Turning Points in American Electrical History (New York: IEEF. Press. 
1976). pp. 131-34.



1 6 2  N E T W O R K S  O F  P O W E R

in 1893. H e  also d e s ig n e d  ro ta ry  co n v e rte rs , a n o th e r  o f  th e  m a jo r system  
co u p le rs . B oth becam e p re s id e n t o f  th e  A IE E , Scott in 1902, M ersh o n  in 
19 12.00

A fte r  ob se rv in g  tran sm iss io n -lin e  p h e n o m e n a  on  W estin g h o u se  e x p e r 
im en ta l lines, S cott su sp ec ted  e n e rg y  loss. Me d esc rib ed  th em  vividly:

The wires began to give a hissing or crackling sound and in the dark began to 
appear luminous at a little below 20,000 volts. As the voltage was increased the 
sound became more and more intense, the wires vibrated and became more and 
more luminous, until at the higher voltages they were surrounded  by a coaling 
o f soft blue light many times the diam eter o f the wire. Often there were bright 
points along the wire, probably corresponding to hits o f dust o r rough places 
resembling points on the wire.61

Scott a n d  o th e rs  su sp ec ted  th a t th is d ra m a tic  p h e n o m e n o n  was accom 
p an ied  by su b stan tia l en e rg y  loss. L a te r, w hen  R yan in v estig a ted  it, the  
effec t was co m m o n ly  n a m e d  co ro n a ; fo r  th e  lim e  b e in g , S cott sim ply  id e n 
tified  it by its m ost u n w a n te d  e ffec t— “loss be tw een  th e  lines."

T h e se  early  o b se rv a tio n s  led Scott a n d  o th e r  W estin g h o u se  e n g in e e rs  in 
1894 to  tu rn  fo r  field  o b se rv a tio n s to  th e  p io n e e r in g  T e llu r id e , C o lo rad o , 
tran sm iss io n  line th a t h ad  b een  p laced  in o p e ra tio n  in 1891 by W esting- 
h o u se  a n d  th e  San M iguel C o ld  M in ing  C o m p an y . B ecause  o f  th e  p ro h ib 
itive cost o f  t ra n s p o r t in g  coal in th e  m o u n ta in s  a n d  th e  scarcity  o f  wood at 
its h ig h  e lev a tio n , th e  m in in g  co m p an y  h a d  d e sp e ra te ly  so u g h t to  draw  
elec tric  p o w er fro m  a w a te r-p o w er site m o re  th a n  tw o m iles away. T h e  
facility has b een  called  th e  first la rg e  a l te rn a t in g -c u r re n t  p o w er tran sm is
sion line  in A m erica .02 It was an g le  p h ase , h ow ever, w ith a sy n ch ro n o u s, 
r a th e r  th a n  an  in d u c tio n , m o to r.

In p rep a ra tio n  for th e ir  w ork at T e llu rid e , Scott a n d  W estinghouse sh ipped  
recen tly  d ev e lo p ed  h ig h -vo ltage , h ig h -cap ac ity  t ra n s fo rm e rs  to  C o lo rado . 
O n e  o f  th e se  was d e s ig n e d  fo r th e  u n u su a lly  h ig h  o u tp u t  o f  200  kw an d  
cou ld  be s te p p e d  u p  to  as m u ch  as 60 ,0 0 0  volts fo r  tran sm issio n . T w o 
g e n e ra to rs  a n d  several in te rc h a n g e a b le  a rm a tu re s  also w ere  availab le  at 
T e llu r id e . T h e se  p ro v id e d  d if fe re n t fre q u e n c ie s  a n d  w ave-fo rm  o u tp u ts . 
S co tt’s p r im a ry  in te re s t was to  o b serv e  losses “b e tw een  lines" as th e  voltage 
level was v aried  u n d e r  d if fe re n t clim atic , load , freq u en cy , w ave-fo rm , and  
sp ac in g  co n d itio n s.

U ltim ate ly , th e  re su lts  o f  Scott a n d  M e rsh o n ’s o b se rv a tio n s  a n d  analysis 
w ere  p re se n te d  in a set o f  tab les, a fo rm  o f  c o m m u n ica tio n  th a t was read ily  
u n d e rs to o d  a n d  a p p re c ia te d  by w o rk in g  e n g in e e rs  d e s ig n in g  transm ission  
lines. I he  re sea rch  led S cott a n d  M ersh o n  to  co n c lu d e  th a t va ry in g  the 
freq u en c ie s  a n d  wave fo rm s h a d  little  e ffec t on  very  h ig h  voltage tran s
m ission an d , su rp r is in g ly , th a t d if fe re n t w e a th e r  c o n d itio n s  a lso h ad  rel
atively little im pact. P rec ip ita tio n  in c reased  en e rg y  losses, b u t th e  increase

'“’T he Mcrshon Papers are in the Mcrshon Archives al Ohio Slate University. Columbus. 
Ohio. For a biographical sketch and his published essays, see Edith Cockins. Ralph D. Mershon. 
2 vols. (Columbus: Ohio State University, 10f>6). T he Scott Papers are al the Yale University 
Library, New Haven. Conn.

Scott, "High-Voltage Power Transm ission." p. 536.
”  Ibid., pp. 531-32. For a history of the T clluridc installation, sec Charles C. Britton. "An 

Early Electric Power Facility in Colorado," Colorado Magazine 49 (1972): 186-95.
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was sm all. W h al d id  p ro v e  in te re s tin g  to  th e m  was th e  h igh  level o f  loss 
th a t o c c u rre d  b e tw een  lines o n ce  th e  critical, co ro n a -cau s in g  voltage  h ad  
b een  reach ed . T h e  m e a su re m e n ts  led Scott to  th e  g e n e ra l co n c lu sio n  th a t 
th e  losses b e tw een  tran sm issio n  lines w ere  econom ically  accep tab le  below
45 ,0 0 0  volts, b u t in c rea sed  rap id ly  w h en  “a b o u t 50 ,0 0 0  volts" was e x 
c e e d e d .63 T h e y  h a d  c learly  id en tif ied  a rev e rse  sa lien t in  th e  ad v an c in g  
f ro n t o f  h ig h -v o ltag e  tran sm iss io n ; th e ir  re sp o n se  was to  re c o m m e n d  lim 
ita tions un til th e  p ro b lem  was so lved.

M an u fac tu rers  e n h an ced  th e  inven tion -and -deve lopm en t capacity o f  th e ir  
en g in e e r in g  d e p a r tm e n ts  by h ir in g  y o u n g  m en  such  as Scott a n d  M ersh o n  
(g ra d u a te s  o f  th e  new  elec trica l e n g in e e r in g  p ro g ra m s)  a n d  by e n te r in g  
in to  m e rg e r  a n d  acqu is itio n s a g re e m e n ts . E conom ic h is to r ia n s  s tress  th e  
eco n o m ic  im p o rta n c e  o f  th e  n u m e ro u s  c o m p an y  m e rg e rs  th a t o c c u rre d  
d u r in g  th e  c lo sing  d ec a d e s  o f  th e  n in e te e n th  cen tu ry ; they  d o  n o t, how ever, 
su ffic ien tly  em p h a s iz e  th e  te chno log ica l co n seq u en ces o f  m e rg e rs  a n d  ac
qu is itions, p a r tic u la r ly  in th e  e lectrical in d u s try . T h e  co m p a n ie s  a cq u ired  
o f te n  b ro u g h t lo  th e  m e rg e r  th e  m en , m ate ria l, a n d  ideas th a t w e re  n e e d e d  
to  rectify  in ad eq u ac ie s  in th e  a c q u ir in g  co m p a n y ’s system  o f  p ro d u c tio n  
an d  p ro d u c ts . T h e  m e rg e r  o f  E d ison  G en e ra l E lectric  a n d  T h o m so n -H o u s -  
ton  in 1892 re su lte d  p r im a rily  f ro m  th e  fact th a t th e  p a te n t h o ld in g s o f 
the  com pan ies w ere com p lem en ta ry .64 E dison G enera l Electric held a strong  
position  in u rb a n  d .c. sta tio n s, d .c. p o w er tran sm issio n , a n d  s tre e t railw ays; 
T h o m s o n -H o u s to n ’s s t re n g th  lay in a rc  lig h tin g  a n d  a lte rn a tin g  c u r re n ts .65

T h e  m e rg e rs  w e re  a way o f  acq u ir in g  th e  serv ices o f  in v en to rs  a n d  e n 
g in ee rs  as well as th e ir  p a te n ts . In  som e in stances, an  e n g in e e r  o r  in v en to r  
w ith th e  acq u ire d  c o m p a n y  b ecam e a sa la ried  m e m b e r o f  th e  e n g in e e r in g  
d e p a r tm e n t  o f  th e  a c q u ir in g  c o m p an y . In  o th e r  cases, th e  acq u ir in g  co m 
pan y  o b ta in e d  th e  r ig h t  to  p a te n t th e  fu tu re  in v en tio n s o f  a n  in v e n to r  o r  
e n g in e e r  in a spec ified  a re a . T h e  in v e n to r  a ssu m ed  th e  sta tu s  o f  co n su ltan t 
vis-ž-vis th e  c o m p an y . In  1888 C h a rle s  J .  V an  D epoele  (1 8 4 6 -1 8 9 2 ), o n e  
o f  th e  p io n e e r in g  in v e n to rs  o f  elec tric  s tree tca rs , jo in e d  th e  elec tric  railw ay 
d e p a r tm e n t  o f  T h o m s o n -H o u s to n  a f te r  his c o m p an y  was b o u g h t. T h e  c o m 
pany  a n d  p a te n ts  o f  E lm er S p e rry , w ho in v en ted  several im p ro v ed  electric  
s tre e tc a r  co m p o n e n ts  a n d  e lec tric  m in in g  m ach in e ry , w ere  p u rc h a se d  by 
T h o m so n -H o u s to n . S p e rry  a g re e d  to  act as a co n su ltan t lo  T h o m so n -H o u s 
to n  fo r  tw o years  a t an  a n n u a l salary  o f  $ 5 ,000  to  d ev e lo p  th is eq u ip m e n t. 
In  1895 S p e rry  m a d e  a sim ila r a r ra n g e m e n t  w ith G en e ra l E lectric, a g re e in g  
to  tu rn  o v e r  ap p lica tio n s , p a te n ts , a n d  fu tu re  p a te n ts  on  th e  elec tric  s tre e t
ca r b ra k e  a n d  to  act as a c o n su lta n t in d ev e lo p in g  th e  p a te n te d  in v en tio n s.66

In  1893, w h en  G en e ra l E lectric  a cq u ired  th e  firm  o f  E ickem eyer 8c Os- 
te rh e ld  o f  Y onkers , N ew  Y ork , it a lso o b ta in ed  th e  services o f  a y oung  
e lectrical e n g in e e r  a n d  m a th em a tic ian  w hose c a re e r  w ould  be inex tricab ly  
lin k ed  w ith th e  h is to ry  o f  G en e ra l E lectric. In  1889 C h a rle s  P ro teu s S tein-

“ Scolt, "High-Voltage Power Transmission," pp. 543 and 556.
“  Passer, Electrical Manufacturers, p. 3 2 1.
“  Ibid., p. 325.
“ Thom as P. H ughes, Elmer Sperry, Inventor anti Engineer (Baltimore: T he |ohns Hopkins 

Press, 1971), pp. 71-74.
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Figure VI. 13. Charles Steinmelz and 
Thomas F.tluon. Courtesy of the Samuel 

Insull Archives. Loyola University.
Chicago, III.

m e t7. (1 8 6 5 -1 9 2 3 ), a re c e n t im m ig ra n t fro m  B reslau , G e rm an y , h ad  found  
w ork  as a d ra f tsm a n  a t th e  Y onkers  c o m p an y , which m a n u fa c tu re d  hat- 
m ak in g  m ach in e ry  a n d  elec tric  m o to rs . R ealiz ing  th a t S te in m e tz  c ou ld  solve 
co m plex  design  p ro b lem s because  o f  his ad v an ced  e d u c a tio n  in m a th e 
m atics a n d  m echan ica l e n g in e e r in g  in G e rm a n y  a n d  S w itzerland , R udolf 
E ickem eyer, also a G e rm a n  im m ig ra n t, a ss igned  S te in m etz  th e  task o f  d e 
v e lop ing  an  a lte rn a tin g -c u r re n t m o to r. W o rk in g  in a sm all lab o ra to ry  a t
ta ch ed  to  E ickem eycr’s facto ry , S le in m e tz  d e r iv e d  e q u a tio n s  fo r analyzing  
m ag n etic  h ysteresis a n d  ed d y  c u r re n ts ,  tw o c ritical causes o f  inefficiency 
in  e lectrical m ach in e ry . H e  p u b lish ed  his in v estiga tions a n d  conc lusions in 
1890 a n d  1892 in th e  Electrical Engineer. In  1893 he  p re se n te d  a m ajor 
p a p e r  on  th e  ap p lica tio n  o f  th e  a lg eb ra  o f  co m p lex  n u m b e rs  to  th e  analysis 
o f  a lte rn a tin g -c u r re n t circu its. Mis app lica tio n  o f  m a th em a tic s  to  solving 
a l te rn a tin g -c u rre n t-m a c h in e ry  a n d  c ircu itry  p ro b lem s was especially  in
s truc tive  fo r en g in e e rs  b ecause he p re se n te d  his re su lts  in a congenial 
fo rm a l.1*7 A fte r  jo in ing  G en e ra l E lectric , S te in m e tz  b ecam e a m e m b e r  of 
th e  c o m p an y 's  c a lcu la tin g  d e p a r tm e n t;  he  w ould  rem a in  w ith G E  u n til his 
d e a th . In  th e  eyes o f  m any A m erican  e n g in e e rs , h e  becam e th e  sym bol of 
successfu l scien tific  e n g in e e r in g  re sea rch  a n d  d e v e lo p m e n t. L ong-d istance 
po w er tran sm issio n  was o n e  o f  th e  re sea rch  p ro b lem s on  w hich he, like 
Scott. Ryan, M ersh o n , a n d  o th e rs , c o n c e n tra te d  fo r years.

S te in m etz  h ad  com p le ted  his d o c to ra l d isse r ta tio n  in m ath em a tic s  a t the 
U niversity  o f  B reslau , b u t fe a r in g  a r re s t  because  o f  his p a r tic ip a tio n  in the 
socialist s tu d e n t m o v em en t th e re , he  h ad  e m ig ra te d  to  S w itzerland . In 
Zu rich  he s tu d ie d  m echan ical e n g in e e r in g  at th e  P oly technic  School, one 
o f  th e  w o rld ’s o u ts ta n d in g  e n g in e e r in g  in s titu tio n s . T h u s  h e  b ro u g h t with 
him  to A m erica  th e  p re stig e  associated  w ith a C e n tra l  E u ro p e a n  ed u ca tion . 
It sh o u ld  be reca lled , how ever, th a t A m erican  academ ics a n d  industria l 
en g in e e rs  a lso w ere m ov ing  bey o n d  em p irica l s tu d ie s  a n d  ta k in g  a m a th 
em atical a n d  scien tific  a p p ro a c h  to  so lv ing  critical e n g in e e r in g  p roblem s. 
M oreover, in E u ro p e , academ ic  en g in e e rs  a n d  en g in e e rs  em p lo y ed  by in
d u s try  w ere c a rry in g  on  re sea rch  co m p a ra b le  to  th a t be in g  d o n e  in A m erica. 
E d u ca ted  in his m u ch -em u la ted  d e p a r tm e n t at D a rm sta d t, K ittle r’s s tu d en ts  
en h a n c e d  th e  rc se a rc h -a n d -d e v e lo p in en t capacity  o f  G e rm a n y ’s electrical 
m a n u fa c tu r in g  com pan ies .

By 1900 th e  capacity  o f scientifically  tra in e d  en g in e e rs  a n d  o f  academ ics 
w ith b a c k g ro u n d s  in the n a tu ra l sc iences to  solve th e  techn ica l p roblem s 
o f  th e  e x p a n d in g  electric  su p p ly  system s h ad  b een  am p ly  d e m o n s tra te d  
a n d  som e lead e rs  in th e  field  reso lved  to  d ev e lo p  an  o rg an iza tio n a l form  
th a t was especially  well su ited  to  th e  p ro b lem -so lv in g  style o f  th e  research  
e n g in e e rs  an d  in d u s tr ia l sc ientists. T h e  in d u s tr ia l re sea rch  lab o ra to ry  was 
well know n in th e  chem ical in d u s try , especially  in G erm an y , b u l leaders  o f 
th e  electrical in d u s try  saw th e  n eed  a n d  o p p o r tu n ity  to  a d a p t th e  fo rm  for 
th e ir  inv en tio n , re sea rch , a n d  d ev e lo p m en t func tions.

An im m ed ia te  reaso n  fo r fo rm in g  a re sea rch  lab o ra to ry  at G en e ra l Elec
tric  was th e  rea liza tion  thai re sea rch  en g in e e rs  w ere p reo ccu p ied  w ith rou-

i I " ' ? " ' , "  Ur' ' ,illn' "(;l,i,rl,’s I’folcus Sleinmclz," in Dictionary of American Biography, ed
John  A. (»arraiy (New York: H arper & Row. 1974). pp. I <)3.r>-36. See also |ohn  W. Hammond.
Cliailes I rotews Stenwieli: A Biography (New Y ork/t.oiulon: t he Cenlurv Co.. 19*24).
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Figure VI. Id . First home of the GE 
Research Laboratory, Schenectady, N.Y. 

Courtesy of the General Electric Co..
Schenectady, N.Y.

tin e  p ro b lem -so lv in g  (see Fig. V I. 14). T h e  s ta tio n a ry  p o w er a n d  trac tion  
b usiness was e x p a n d in g  rap id ly , a n d  th e  p ro b lem s o f  d e s ig n in g  im p ro v e 
m en ts  in ex is tin g  g e n e ra to rs , m o to rs , tra n s fo rm e rs , a n d  o th e r  m ach in ery  
look  an  in creasin g ly  la rg e  sh a re  o f  th e  e n g in e e rs ’ tim e. M en w ho h ad  com e 
to  G E ’s e n g in e e r in g  d e p a r tm e n t  w ith a h is to ry  o f  in v en tio n  o r  w ith a sp i
ra tio n s  to  in v en t fo u n d  th em selves  b u rd e n e d  by ro u tin e . C h a rle s  S tein- 
m etz 's  w ork  in  th e  1890s involved  m o re  tro u b le sh o o tin g  th a n  scientific 
re se a rc h .68 E dw in  W . R ice, v ice -p re s id en t o f  G en e ra l E lectric, o b served  in 
1902: “A lth o u g h  o u r  e n g in e e rs  have  alw ays been  liberally  su p p lied  with 
every  facility fo r  th e  d ev e lo p m e n t o f  new  a n d  o rig in a l d esigns a n d  im 
p ro v em en ts  o f  e x is tin g  s ta n d a rd s , it has b een  d e e m e d  wise d u r in g  th e  past 
year to  estab lish  a la b o ra to ry  to  be  d ev o ted  exclusively to  o rig in a l resea rch . 
It is h o p e d  by th is  m ean s  th a t m any  p ro f ita b le  fields m ay be d isco v e red ."69 
D esigns a n d  s ta n d a rd s  w ere  n o t th e  sam e as “d iscovery ," so Rice was a n 
n o u n c in g  th e  b ir th  o f  th e  G en e ra l E lectric  R esearch  L ab o ra to ry , an  insti
tu tio n  w hich  was gen e ra lly  c o n s id e re d  a la n d m a rk  e stab lish m en t in  th e  
h is to ry  o f  in d u s tr ia l  re sea rch .

“ George Wise, "A New Role for Professional Scientists in Industry: Industrial Research 
at General Electric, 1900-1916," Technology and Culture 21 (1980): 412. This is a perceptive 
account o f the origins o r the GE Research Laboratory and o f the new definition o f role for 
scientists that it institutionalized. Wise used sources al G eneral Electric and elsewhere that 
were not available to earlier historians. Also valuable is Kendall Birr. Pioneering in Industrial 
Research: The Story o f the General Electric Research Laboratory (Washington, D.C.: Public Affairs 
Press, 1957). Birr was one of the Brst professional historians to write about industrial research. 
Laurence A. Hawkins, an executive engineer o f the GE laboratory, also contributed with his 
Adventures into the Unknown (New York: Morrow. 1950). T he rise of the physics profession 
and its growing interest in applied research is placed in broad perspective by Daniel J. Kevles 
in The Physicists (New York: Knopf. 1978).

“ General Electric Co.. Annual Report for 1902 (New York. 1903). p. 13. quoled in Wise. 
"A New Role for Professional Scientists." p. 408.
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Figure VI.15. Nenul lamp. From 50 
Jahre  Elcctrotcchnischer Verein, ed. 

Ham Gorges (Berlin: ETV. 1929), 
p. 227.

G en era l E lectric also fo u n d e d  th e  la b o ra to ry  in re sp o n se  to  a technical 
ch a llen g e  from  E u ro p e . A fte r  a lm ost tw o d ecad es o f  c o n c e n tra tin g  on 
in v en tio n s in pow er, d is tr ib u tio n , a n d  tran sm issio n  system s, G E  discovered  
th a t som e types o f  E u ro p e a n -in v e n te d  in can d escen t lam ps w ere th rea ten in g  
to  d isp lace  th e  ca rb o n -f ila m e n l bu lb  in v en ted  years ea r lie r  by T h o m as 
E dison . T h e  m echan ica l a n d  e lectrical en g in e e rs  a n d  in v en to rs  in G E ’s 
e n g in e e r in g  d e p a r tm e n t h ad  th e  capacity  to  react to  co m p e tito rs ’ im p ro v e
m en ts  in m ach in e ry , b u t th e  new  in can d escen t lam ps fro m  E u ro p e  were 
th e  inv en tio n  o f  h igh ly  e d u c a te d  chem ists. T h e  co m b in a tio n  o f  a rou tine- 
b u rd e n e d  e n g in e e r in g  d e p a r tm e n t  a n d  th e  n eed  fo r re sea rch  chem ists 
p ro v o k ed  th e  dec ision  by G E lead e rs  E dw in Rice, C h a rle s  S te inm etz , A lbert 
G. Davis (a G E p a te n t a tto rn ey ) , a n d  E lihu T h o m so n  (in v e n to r  a n d  fo u n d e r 
o f  T h o m so n -H o u s to n )  to  re c o m m e n d  to  G E ’s p re s id e n t, C h a rle s  C offin , 
th e  e s tab lish m en t o f  a re sea rch  lab o ra to ry . C o ffin  c o n c u r re d .70

A n o th e r  rea so n  G en e ra l E lectric w arned  a re sea rch  lab o ra to ry  was its 
aw aren ess  o f  th e  im p o rta n c e  o f  p a ten ts  in secu rin g  m a rk e t advan tages. 
T h is  h ad  b een  sh a rp ly  im p ressed  u p o n  th e  c o m p an y  by th e  ex p ira tio n  ol 
m a jo r ca rb o n -f ilam en l p a ten ts . G E  faced  th e  a lte rn a tiv e  o f  e ith e r  buying 
th e  p a te n ts  o f  o u ts id e  in v en to rs  o r  co m p an ie s  o r  in v en tin g  a n d  apply ing  
fo r its ow n. T h e  re sea rch  lab o ra to ry  was ex p e c te d  to  p ro v id e  th e  com pany 
with th a t o p tio n  a n d  th e  ability  to  n eg o tia te  w ith o u ts id e  p a ten t ho lders 
m o re  effectively ; fo r  in stance , th e  c o m p an y  cou ld  w ith d raw  fro m  n eg o ti
a tions a n d  sea rch  fo r ways o f  “in v en tin g  a ro u n d ” th e  c o m p e tin g  p a te n t if 
th e  p rice  fo r p a te n t license was loo  h igh . T h e se  c o n s id e ra tio n s  ex p la in  why 
G E ’s p a te n t a tto rn e y  re c o m m e n d e d  th e  e stab lish m en t o f  a re sea rch  labo
ra to ry .

T h e  m a rk e t co m p e titio n  was fo rth co m in g . In  th e  fall o f  1900 S teinm etz 
w ro te  to  E dw in Rice, a le r tin g  h im  to  th e  ch a llen g e  fro m  th e  N ern st lam p. 
W a lth e r N e rn s l (1 8 6 4 -1 9 4 1 ), a p ro fe sso r  o f  e lec tro ch em is try  a t th e  U ni
versity  o f  G o ttin g en  a n d  a fo u n d e r  o f  th e  science o f  physical chem istry , 
h ad  p a te n te d  his lam p  in 1899. The lam p  h ad  a f ilam en t o f  re frac to ry  
m etallic o x id es  (see Fig. V I. 15). O p e ra tin g  at h ig h e r  te m p e ra tu re  th an  the 
ca rb o n -f ilam en l lam p , th e  N e rn s t lam p  was m o re  e ffic ien t a n d  econom ical. 
1 h e  N ern s l lam p  cost fo u r  to  five lim es m o re  th a n  th e  im p ro v ed  carbon- 
filam en t lam p , b u t th is h ig h e r  first cost was o ffse t by low er o p e ra tin g  costs, 
especially  in E u ro p e , w h e re  e lectric ity  p rices  w ere h ig h e r. T h e  N ern s l lam ps 
w ere w idely u sed  in E u ro p e  d u r in g  th e  first d e c a d e  o f  th e  tw en tie th  c en tu ry . 
T h e  A llgem cine  E lek triz ita ls-G esellschaft h ad  p a te n t rig h ts  in G erm any  
a n d  p ro d u c e d  ab o u t 7 ,500 ,000  o f  th em  b e fo re  1907. T h e  W estinghouse 
C o m p an y  th en  o b ta in ed  rig h ts  in th e  U n ited  S tates, (h e reb y  causing  a d 
d itio n a l c o n ce rn  at G E .71

Even m o re  provoca tive  was th e  re sea rch  u n d e r  way at S iem ens & Halske, 
th e  G e rm a n  e lectrical m a n u fa c tu re r . W ilhelm  von  S iem ens (1 8 55-1919), 
w ho succeed ed  his fa th e r , th e  fo u n d e r , as h ead  o f  th e  co m p an y , took a 
keen  in te re s t in fin d in g  a m etallic  filam en t to  rep lace  th e  ca rb o n  one. He 
assigned  th e  task to  W e rn e r  von B olton  (1 8 6 8 -1 9 1 2 ), a y o u n g  scien tist who 
h ad  s tu d ie d  at Leipzig  u n d e r  W ilhelm  O stw ald  (1 8 5 3 -1 9 3 2 ), a p ioneer,

,0 Wise, A New Role feir Professional Scientists." p. -114.
Bright, l£tfftrit-i.amp Industry, pp. 172-73.
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Figure VI.16. Werner von Bolton. 
Courtesy of the Siemens Museum, Siemens 

AG, Munich.

Figure VI.17. Advertisement for the 
tantalum-filament tamp. Courtesy of the 

Siemens Museum, Siemens AG, Munich.

SIEMENS <S HALSKE
O l.()H LAMPE NWE R K

v* I

. *

„Tantallampe"
hum e lek trische  O lu h lam p e

Figure VI.18. Making tantalum 
filaments at the Siemens Co., Berlin, 1906. 

Courtesy of the Siemens Museum, Siemens 
AG, Munich.
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Figure VI. 19. Osmium-filament lam 
From 50 Jah re  Electrotechnischt 

Verein, p. 22.

Figure VI.20. Carl Auer von Welsbach. 
Courtesy of tlir Siemens Museum. Siemens 

AG. Munich.

like N c rn s i, in physical chem istry . V on S iem ens p ro v id ed  von B olton  space 
in th e  co m p a n y ’s lab o ra to ry  in B e rlin -M oab it, w h e re  he  co n c e n tra te d  on 
th e  possibilities o f  ta n ta lu m . T h e  m a jo r  p ro b lem  was to  o b ta in  a p u re  and  
m alleab le  ta n ta lu m , w hich B o lton  su cceed ed  in d o in g  by u sin g  an  electric 
a rc  fu rn ace . In  1902 th e  scien tist a n d  his assistan ts a n n o u n c e d  th e ir  success 
to  W ilhelm  von S iem ens, a n d  p a te n te d  im p ro v e m e n ts  in de sig n  a n d  p ro 
d u c tio n  m e th o d s  fo llow ed. A fte r  1905 th e  co m p an y  successfu lly  m ark e ted  
th e  ta n ta lu m  lam p . (See Figs. V I .17 a n d  V I .18.)

C o m p e tin g  n o t on ly  ag a in st th e  N e rn s t a n d  ta n ta lu m  lam ps b u t also 
ag a inst a w idely u sed  o sm iu m -fila m e n t lam p  (Fig. V I. 19) in v en ted  by the 
A u s trian  C arl A u e r  von W elsbach  (1 8 5 8 -1 9 2 9 ),72 w ho h a d  b een  tra in ed  
by R o b e rt B u n sen  a t th e  U n iversity  o f  H e id e lb e rg , th e  G E  lab o ra to ry  strove 
to  in v en t a n d  d ev e lo p  im p ro v ed  a n d  new  f ilam en ts . C h a lle n g e d  by inven- 
to r-sc ien tis ts  w ho h ad  b een  tra in e d  in C e rm a n y  in physical chem istry , a 
field  in w hich  C e rm a n y  exce lled , it is n o t s u rp r is in g  th a t G E  b ro u g h t to 
its lab o ra to ry  re se a rc h  chem ists  w ho  h e ld  th e  G e rm a n  d o c to ra te . W illis R. 
W hitney  (1 8 6 8 -1 9 5 8 ) , th e  first la b o ra to ry  h e a d , h ad  a d o c to ra te  from  the 
U n iversity  o f  Leipzig , w h e re  he , like W e rn e r  von B o lton , s tu d ie d  u n d e r 
O stw ald ; W illiam  D. C o o lid g e  (1 8 7 3 -1 9 7 5 ), w ho  b ecam e th e  first assistant 
d ire c to r  o f  th e  la b o ra to ry , a lso  was a physical ch em ist w ho received  his 
Ph.D . fro m  L eipzig ; a n d  Irv in g  L a n g m u ir  (1 8 8 1 -1 9 5 7 ) , th e  th ird  m em ber 
o f  th e  tr iu m v ira te  th a t d o m in a te d  th e  G E  la b o ra to ry  in its ea rly  years, held 
a d o c to ra l d e g re e  fro m  th e  U n iversity  o f  G o ttin g e n , w h e re  h e  stu d ie d  un d e r 
N e rn s t. W h itney  a n d  C oo lid g e  ta u g h t a t M .I.T . b e fo re  g o in g  to  G E; L ang
m u ir  was an  in s tru c to r  a t S tevens In s titu te  o f  T e c h n o lo g y . G en e ra l Electric 
re sp o n d e d  lo  th e  im pact o f  G e rm a n  ex ce llence  in  ch em is try  a t least a decade 
b e fo re  W orld  W ar I a n d  th e  e m b a rg o  o f  G e rm a n  chem ica l im p o rts  m ade 
th e  fact d ram a tica lly  c lear. (See Fig. V I.22 .)

S cien tists at th e  G E la b o ra to ry  soon  d ev e lo p ed  new  filam en ts . W hitney, 
u sin g  a h e a t- tre a tm e n i p rocess in an  e lec tric -re sis tan ce  fu rn a c e  o f  his own 
desig n , d ro v e  o f f  im p u ritie s  fro m  th e  ca rb o n  filam en t a n d  gave it a h a rd e r  
g ra p h ite  co a tin g . By 1904 th is b ro u g h t th e  g rea te s t im p ro v e m e n t in the 
c a rb o n  in can d escen t lam p  since 1884. T h e  co m p an y  m a n u fa c tu re d  th e  new 
lam p  u n d e r  th e  n a m e  o f  G EM  (G en e ra l E lectric  M etalized). C oo lidge  in
v en ted  a n d  p a te n te d  m e th o d s  fo r m ak in g  d u c tile  m o ly b d en u m  a n d  tu n g 
sten . In  1910, $ 5 4 ,000 , o r  o n e - th ird  o f  th e  to ta l e x p e n d itu re s  o f  th e  GE 
lab o ra to ry , w en t to  th e  d e v e lo p m e n t o f  th e  p rocess, a n d  su b stan tia l a m o u n ts  
w ere s p e n t an n u a lly  fro m  1906 to  1911. B efo re  C o o lid g e ‘s successfu l pa ten t 
app lica tio n  in 1912, G E b o u g h t th e  tu n g s te n -f ila m e n t p a te n ts  o f  ou tside  
co m p an ie s  a n d  in v en to rs , pay in g  o u t $ 4 9 0 ,000  in 1909 a lo n e .73 W hen  GE 
a tte m p te d  to  use  its tu n g s te n  p a te n t in E u ro p e , th e  S iem ens 8c Halske 
C o m p an y , A EG , a n d  th e  A u e r  G esellschafl p e rsu a d e d  G E  th a t they  had 
co n flic tin g  p a te n ts  a n d  p rio ritie s . (A u e r h e ld  th e  p a te n ts  o f  C arl A u e r  von

77 In 1891 Carl A uer von Wclsbarli had grcaily enhanced the competitiveness o f gaslight 
with his invention of the W rlsbach mantel. His company. O sterreichische Gasgliihlicht und 
Elektrizilatsgcscllschaft, successlully marketed both his mantel and his osmium lamp in Ger
many despite the strength o r AEG and Siemens. Hans-Joachiin Braun, "Gas oder Elekirizilat? 
Zur K onkurrenz zwcier Belciichtuiigssysicme. 1880-1914," Trchnikgesrhirhle 47 (1980): I I -

”  Von Siemens, House of Siemens I • 9tin_oi
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Figure VI.21. Irving Langmuirs 
laboratory. 1912. Schenectady. N.Y. 
Courtesy of the General Electric Co., 

Schenectady. N.Y.

Figure VI.22. First permanent home of 
the GE Research Laboratory, Schenectady, 
N.Y. Courtesy of the General Electric Co., 

Schenectady, N.Y.

W elsbach.) G en e ra l E lectric a n d  th e  th re e  G erm an  co m p an ies  th e n  ag reed  
to  sh a re  rig h ts  in th e  use o f  th e  C o o lidge  a n d  S iem ens p a ten ts  covering  
th e  m a n u fa c tu re  o f  tu n g s ie n -f ila m e n t lam ps.

T h e  G en e ra l E lectric R esearch  L ab o ra to ry  n o t on ly  s e p a ra te d  inven tion  
an d  re sea rch  fro m  everyday  p ro d u c tio n  p ro b lem s a n d  m in o r  system  im 
p ro v em en ts  b u t it o ffe re d  scien tists a lte rn a tiv e  ro les to  those  o f  th e  academ ic 
an d  c o n su ltan t. In th e  lab o ra to ry , p e rso n s  w ith inventive instincts h ad  access 
to  facilities fo r re sea rch  a n d  inv en tio n  w ithou t th e  a tte n d a n t responsib ilities 
fo r d e v e lo p in g  a n d  m a rk e tin g  th e  inven tions. F u rth e rm o re , W hitney  e n 
g e n d e re d  an  a tm o sp h e re  th a t was fo u n d  congen ia l by Ph.D . scientists:



Figure VI.23. Early laboratory 
colloquium at the GE Research Laboratory:

Willis Whitney (fourth from right);
William Coohdge (far right). Courtesy of 

the General Electric Co., Schenectady. N.Y.
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Figure V I.24. Staff at the GE Research 
laboratory, c. 1912: Willis Whitney (third 

from left); Irving Langmuir (far right). 
Courtesy of the Gmrral Electric Co..

Schenectady, N. Y.

w eekly co lloqu ia , pub lica tio n  o f  scien tific  p a p e rs , a n d  e n c o u ra g e m e n t to 
a cq u ire  a g re a te r  fu n d a m e n ta l u n d e rs ta n d in g  o f  techno log ica l p h e n o m 
e n a .7"1 (See Figs. V I.23 a n d  V I.24.) P aradox ica lly , th e  p ro fessio n a l scientists 
w ere a ssu m in g  th e  ro le  o f  th e  in d e p e n d e n t  in v en to rs , w hose em pirica l and  
co m m erc ia l style so m any  o f  th e m  d isd a in e d .

W hile  G E  d is tan ced  its re se a rc h e rs  fro m  co m m erc ia l activities, it looked 
u p o n  th e ir  p a te n ts  as co m m erc ia l p ro p e rty . Scien tists w ere en c o u ra g e d  to 
d o  w ork  o f  th e  h ighest q ua lity  a n d  to  investiga te  re lev an t fu n d am en ta l 
p ro b lem s, bu t p a ten t r ig h ts  b e lo n g ed  to  th e  co m p an y . As W hitney  said 
catego rica lly  in 1909, “W h a tev e r in v en tio n  resu lts  fro m  his [ th e  labo ra to ry  
s ta ff  m e m b e r’s] w ork  b ecom es th e  p ro p e r ty  o f  th e  co m p an y . I believe that 
no  o th e r  way is p rac ticab le .”75 So m u ch  fo r  th e  m y th  th a t th e  labo ra to ry  
was in su la ted  fro m  econom ic  c o n ce rn s.

T h e  G en e ra l E lectric R esearch  L ab o ra to ry  was no t th e  sole site fo r in 
ven tio n  a n d  re sea rch  at GE, h ow ever. T h e  co m p an y  h ad  a ra n g e  o f  prob-

74 Wise, "A New Rule for Professional Scientists." p. 426.
7'W illis R. W hitney. "Organization of Industrial Research, "Journal of the American Chemical 

Society 32 (1910): 74. cited in Wise, "A New Role for Professional .Scientists." p. 422.
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lem s lo  solve— th eo re tica l, d e sig n , a n d  o p e ra tio n a l.  O th e r  G E lab o ra to rie s  
focused  on  p ro b lem s o u ts id e  th e  R esearch  L ab o ra to ry 's  special co m p e ten ce . 
T h e  R esearch  L a b o ra to ry ’s w ork  ra n g e d  widely, h ow ever, f ro m  m a n u fa c 
tu r in g  tu n g s te n  X -ray ta rg e ts  to  fu n d a m e n ta l s tu d ie s  o f  th e  s tru c tu re  o f  
m a tte r . A fte r  1910, fo r  in stan ce , L a n g m u ir  w ork ed  on  gas-filled  in c a n 
d escen t lam p s a n d  e lec tro n ic  v acuum  tubes. O th e rs  at th e  lab o ra to ry  c o n 
c e n tra te d  on  early  ra d io  p ro b lem s, X -ray ra d io g ra p h y , in su la tio n , a n d  m a
te ria ls  science, o r  m e ta llu rg y .76 M uch was left lo  o th e rs , h ow ever, especially  
in  re la tio n sh ip  to  th e  in v en tio n , d e v e lo p m e n t, a n d  desig n  o f  g en e ra to rs , 
t ra n s fo rm e rs , m o to rs , a n d  tran sm issio n  system s. In  L ynn, M assachusetts, 
b e fo re  W orld  W ar I, th e re  was a re sea rch  facility fo r  E lihu T h o m so n  a n d  
a lab o ra to ry  c o n c e n tra tin g  o n  a rc  lam ps. In  S ch en ec tad y , N ew  Y ork , th e re  
w ere  o th e r  la b o ra to r ie s  in ad d itio n  to  th e  R esearch  L ab o ra to ry : th e  G en e ra l 
E n g in e e r in g  L ab o ra to ry  (g en e ra l d ev e lo p m e n t w ork); th e  In su la tio n s Lab
o ra to ry ; th e  Illu m in a tin g  L ab o ra to ry ; a n d  th e  D e p a r tm e n t o f  C o n su ltin g  
E n g in e e r in g . G e n e ra l E lectric  a lso h ad  re sea rc h -a n d -d e v e lo p m en t facilities 
in E rie , P en n sy lvan ia ; H a rr iso n , New Je rse y ; C leve land , O h io ; a n d  P itts
fie ld , M assachuse tts. By 1918 G en e ra l E lectric  h ad  tw elve la b o ra to rie s , th e  
la rg est o f  w hich  was th e  R esearch  L ab o ra to ry , ju d g in g  by th e  reco rd  o f  its 
e x p e n d itu re s .77

T h e  c o n su ltin g  e n g in e e r in g  d e p a r tm e n t  was S te in m e tz ’s b ra in ch ild . H e 
h ad  d ec lin ed  :h e  o p p o r tu n i ty  to  h ead  th e  R esearch  L ab o ra to ry , p e rh a p s  
because  he a n d  o th e rs  be lieved  h im  to  be too  ind iv idua listic  fo r  m ajo r 
a d m in is tra tiv e  re sp onsib ilities . H e  m ay have c o n s id e red  h im se lf m o re  an  
e n g in e e r  th a n  a re se a rc h  sc ien tis t.78 As desc rib ed  in 1912, th e  co n su ltin g  
e n g in ee rin g  d e p a rtm e n t shou ld  have ap pea led  to eng ineer-inventors, m uch 
as th e  R esearch  L a b o ra to ry  was in te n d e d  lo  a ttra c t a n d  ho ld  scien tists with 
inven tive  ta len t. S te in m e tz  w ro te  th a t his d e p a r tm e n t was to  advise  o th e r  
G E d e p a r tm e n ts  ab o u t u n u su a l p h e n o m e n a , d e sign  req u ire m e n ts , o r  t r o u 
b les it e n c o u n te re d .  T h e  d e p a r tm e n t  w ould  also  advise  cu sto m ers  a n d  w ork 
on  p ro b le m s o f  g e n e ra l in te re s t  to  th e  electrical e n g in e e r in g  p ro fession . 
S te in m elz  w an ted  each  m e m b e r o f  h is d e p a r tm e n t to  choose  his ow n w ork, 
a n d  h e  e m p h as ized  th a t such  a d iversity  o f  activities re q u ire d  an  o rg a n i
za tion  d if fe re n t  fro m  th e  " a u to c ra tic ” system  em p lo y ed  by trad itio n a l e n 
g in e e r in g  d e p a r tm e n ts .79 A m o n g  th e  p ro b lem s S te inm etz  ju d g e d  to  be o f  
g e n e ra l in te re s t to  th e  e lectrical e n g in e e r in g  p ro fession  a n d  to  G en era l 
E lectric w ere  h ig h -v o ltag e  tran sm issio n , in c lu d in g  th e  co ro n a  effec t and  
instab ility . A loss o f  p o w er in 1919 in th e  C h icago  system  o f  C o m m onw ealth  
E dison  was th e  ty p e  o f  c u s to m e r p ro b lem  to  w hich he  re sp o n d e d .80 Stein- 
m etz  m o d e led  th e  system  w ith c ircu it e q u a tio n s  in o rd e r  to  locale the  
p ro b lem .

7“ Birr, Pioneering in Industrial Research, pp. 41, 45. 47-48.
77 Ibid., pp. 82-83.
7"Jam cs E. Brittain, "C. P. Stcinmctz and E. F. Alexandcrson: Creative Engineering in a 

C orporate Selling," IEEE Proceedings 64 (1976): 1414.
70 Ibid.
""Charles P. Stcininetz, "Sonic Problems of High-Voltage Transmissions," AIEE Transac

tions 31 (1912): 167-73; idem, "Instability of Electric Circuits." ibid. 32 (1913): 2005-21. For 
an example o f how Slcinmetz responded lo a customer problem, see his article about a |h>wci 
loss in the Commonwealth Edison system in Chicago on 18 September 1919. "Power Control 
and Stability o f Electric Generating Stations," ibid. 39 (1920): 1215-70.
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T h e  im pressive d e v e lo p m e n t o f  m etallic  f ilam en ts  in G e rm an y  no tw ith 
s ta n d in g , th e  h ead  o f  S iem en s & H alske in 1911 view ed A m erican  resea rch  
ach iev em en ts  in th e  e lectrical in d u s try  w ith envy. W ilhelm  von S iem ens 
n o ted  lh a l as a co u n try  o f  th in k e rs  a n d  scien tific  re sea rch e rs , G e rm an y  had  
risen  to  first ra n k  as an  in d u s tr ia l po w er, b u t th a t A m erica’s p riv a te  e n 
te rp r is e  system  cu ltiv a ted  an  u n in te r ru p te d  s tream  o f  im pressive  research  
resu lts. V on S iem ens a c k n o w led g ed  th e  ro le  in G e rm an y  o f  th e  un iversities, 
th e  Technischen Uochschulen, a n d  th e  new ly e s tab lished  K aiser W ilhelm  Ge- 
sellschaft, b u t fe a re d  lh a l his c o u n try  w ould  fall b eh in d  un less o th e r  m eas
u re s  w ere tak en  a n d  in s titu tio n s  fo u n d e d ." 1

S iem ens & H alske h ad  a tra d itio n  o f  la b o ra to ry  re sea rch , b u t these  ac
tivities re m a in e d  d isp e rse d  am o n g  th e  co m p a n y ’s v arious w orks, o r  p lan ts, 
u n til 1920, w h en  a ce n tra l lab o ra to ry  was e stab lish ed . R esearch  th e re , as 
at th e  G en e ra l E lectric  R esearch  L a b o ra to ry , was in te n d e d  to  be less tied 
to  p ro d u c tio n  a n d  ro u tin e  im p ro v e m e n ts  th a n  was th e  case in th e  o th e r  
lab o ra to rie s . At first, th e  c en tra l lab o ra to ry  was called  th e  Physical C h em 
istry  L a b o ra to ry , b u t th e n  th e  co m p an y  c h a n g e d  th e  n am e  lo  th e  R esearch  
L ab o ra to ry  o f  th e  S iem ens & H alske  C o m p an y . D r. H a n s G e rd ic n ,  fo rm erly  
a le c tu re r  a t G o ttin g en  U n iversity , becam e d ire c to r  o f  th e  c en tra l lab o ra 
to ry . b u t b ecau se  th e  m an ag e rs  o f  th e  d if fe re n t w orks p r e fe r r e d  to  m ain ta in  
th e ir  spec ia lized  lab o ra to rie s , he  h a d  a d ifficu lt tim e  cen tra liz in g  th e  basic 
re sea rch . T o  c o o rd in a te  th e  v arious re sea rch  c e n te rs , th e  co m p an y  in 1919 
n a m e d  D. H a rr ie s  to  h e a d  a c e n tra l o ffice  fo r  scien tific  a n d  techn ica l re 
sea rch  (Z en tra ls te lle  fiir  W issen sch a ftlich -T ech n isch e  F o rschungsarbe i-  
te n ) .82

R esearch  la b o ra to r ie s  p ro v id ed  in s titu tio n a l s tru c tu re s  th a t su p p o rte d  
a n d  in c reased  th e  m o m e n tu m  o f  th e  evo lv ing  e lectrical su p p ly  systems. 
F u r th e r  re in fo rc e m e n t a ro se  fro m  th e  g ro w th  o f  p ro fe ssio n a l societies with 
th e ir  p e riod ica ls , a n n u a l m eetin g s, a n d  e n c o u ra g e m e n t o f  p ro fessio n a l e d 
u ca tion . T h e  p ro fe ss io n a l societies, like th e  m a n u fa c tu re rs  a n d  th e ir  lab
o ra to r ie s , d ire c te d  th e  a tte n tio n  o f  scien tists a n d  e n g in e e rs  lo  th e  p rob lem s 
o f  g e n e ra l u rb a n  system s a n d  h ig h -v o ltag e  tran sm issio n .

P aradox ically , c o n s id e r in g  th e  su b seq u en t h is to ry  o f  th e  o rg an iza tio n , 
th e  A m erican  In s ti tu te  o f  E lectrical E n g in ee rs  was estab lish ed  in 1884 by 
m en  p rim arily  c o n c e rn e d  w ith te le g ra p h y . By 1900 th e  in s titu te 's  em phasis 
h a d  sh ifted  to  w hat th e  G e rm a n s  ap tly  n a m e d  Slarkstrom (“heavy c u r r e n t’ ), 
in co n tra s t to  Swachstrom  (“ligh t c u rre n t" ) .  H eavy c u r re n t involved  light 
a n d  po w er; ligh t c u r re n t  was u sed  essen tia lly  in te le g ra p h  co m m unica tions 
b e fo re  th e  w ireless a ssu m ed  im p o rta n c e  ab o u t 1900. O f  th e  tw enty-five 
m en  w ho sig n ed  th e  call Tor fo rm a tio n  o f  a na tio n a l e lectrical society, 
tw en ty -one  w ere te le g ra p h  in v en to rs  o r  m a n u fa c tu re rs  o r  w ere generally  
classified as be in g  in th e  “te le g ra p h  b u sin ess .”H:I T h e  first p re s id e n t o f  the 
A IE E  was N orv in  G re e n , p re s id e n t o f  th e  W este rn  U n io n  T e le g ra p h  C om 

1 Kerdinnnd rrendclcnburg , Au.\ tier C.esrhirhte tier Fnnrhung tm Hausr Siemens (Diisseldorl: 
VDI. 1975), p. 45.

^ r _ ^ g °n ^ 'c ,,lcns' Hntue of Siemens, 2: 35-36; T rendelenburg . Cesehichte der Fonrhung. pp-

" 'D onald  McNirnl, " te leg rap h  Men l-'oiinders ol (he A.I.K .E..” Electrical Engineering 53 
(May 1934): 675.
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p any . O th e rs  am o n g  th e  early  o fficers  o f  th e  in s titu te  w ere W estern  U n ion  
m an ag e rs  o r  ex ecu tiv es .,H

T h e  A 1EE soon  ach ieved  reco g n itio n  as th e  p ro fe ssio n a l o rg an iza tio n  ol 
U .S. e lectrical e n g in e e rs . E lectrical in v en to rs  a n d  m a n u fa c tu re rs  he ld  the  
o ffice  o f  p re s id e n t d u r in g  th e  in s titu te 's  first d ecad e , hut e lectrical e n g i
n e e rs  o r  te ach e rs  o f  e lectrical e n g in e e r in g  d o m in a te d  th e  o ffice  d u r in g  its 
second  d ecad e . O f  th e  e ig h t p re s id e n ts  w ho served  d u r in g  th e  second 
d ecad e , E dw in  J .  H o u s to n  (1 8 9 3 -1 8 9 5 )  ta u g h t a t C e n tra l H igh  School in 
P h ilad e lp h ia , P ennsy lvan ia ; L ouis D u n can  (1 8 9 5 -1 8 9 7 ) (au g h t electrical 
e n g in e e r in g  a t M . l .T . ; F ranc is C ro c k e r  (1 8 9 7 -1 8 9 8 )  received  a Ph.D . in 
e lectrical e n g in e e r in g  fro m  C o lu m b ia  U n iversity  b e fo re  te ach in g  th e re ; 
A r th u r  E. K ennelly  (1 8 9 8 -1 9 0 0 )  was a p p o in te d  p ro fe sso r  o f  e lectrical e n 
g in e e r in g  at H a rv a rd  U n iversity  tw o y ears a f te r  se rv in g  as A IE E  p re s id en t; 
C arl H e r in g  (1 9 0 0 -1 9 0 1 )  was a p ro fe s so r  a t th e  U niversity  o f  Pennsylvania  
a n d  s tu d ie d  at D a rm sta d t u n d e r  K ittler; C h a rle s  S te in m etz  (1 9 0 1 -1 9 0 2 ) 
h e ld  a p ro fe sso ria l p o sition  a t U n io n  C o llege in S ch enec tady , New Y ork, 
w hile a G E  e n g in e e r ;  a n d  C h a rle s  S cott (1 9 0 2 -1 9 0 3 ) took  p o s tg ra d u a te  
co u rse s  a t T h e  J o h n s  H o p k in s  U n iversity  a n d  la te r becam e a p ro fe sso r  of 
e lectrical e n g in e e r in g  at Yale a f te r  se rv in g  as A IE E  p re s id e n t. As a g ro u p , 
these  m en  b r id g e d  th e  acad em ic  a n d  prac tica l w orld s .85

T h e  pu b lica tio n  o f  p a p e rs  in th e  in s titu te 's  Transactions en h a n c e d  th e  
fo rm a tio n  o f  a c o m m u n ity  o f  d isco u rse  c e n te re d  on  critical p rob lem s. A 
classification  o f  A IE E  p a p e rs  fo r  th e  years 188 4 -1 8 9 9  show s tha t th e  su b 
je c ts  m ost f re q u e n tly  d iscussed  w ere a l te rn a tin g -c u rre n t p rac tice , trac tion , 
dy n am o s, m o to rs , a n d  in can d escen t ligh ting . T h is  co n c e n tra tio n  accords 
well w ith th e  focus o f  p ro b lem -so lv in g  fo u n d  d u r in g  th e  p e rio d  o f  " th e  
ba ttle  o f  th e  system s” a n d  its re so lu tio n . O n ly  th re e  p a p e rs  dea lt explicitly 
w ith p o ly p h ase  system s (as c o m p a re d  to  fifty-tw o on  a lte rn a tin g -c u rre n t 
p ractice), b u t, as n o te d , th e  g e n e ra l ru b ric  " a lte rn a tin g  c u r re n t"  in c luded  
sin g le -p h ase  a n d  p o ly p h ase  system s.86

O th e r  pe rio d ica ls  c o n tr ib u te d  to  th e  id en tifica tio n  o f  p ro b lem  a reas  for 
electrical e n g in e e rs . T h e  lead in g  tra d e , as co n tra s ted  w ith pro fessiona l 
society, j o u r n a l  was Electrical World. T h e  fo re b e a r  o f  th is jo u rn a l ,  The Op
erator, was fo u n d e d  in  1874 a n d  was pub lish ed  fo r  te le g ra p h e rs . R eflecting 
th e  sam e ch an g es  as o c c u rre d  in th e  c h a ra c te r  o f  th e  A IE E  lead e rsh ip . The 
Operator b ro a d e n e d  its p u rv iew  in 1883 to  in c lu d e  electric  lig h ting  an d  
c h a n g e d  its n am e  to  The Operator and Electrical World. Ja m e s  H. M cGraw. 
p u b lish e r  o f  a rival jo u rn a l ,  th e  American Electrician, b o u g h t o u t The Operator 
and Electrical W orld  a n d  a n o th e r  jo u rn a l ,  th e  Electrical Engineer, a n d  by 1906 
h ad  co m b in ed  th em  u n d e r  th e  title  Electrical World. T h e  M cG raw  Publish ing  
C o m p an y  also ow n ed  th e  Street Railway Journal. Besides M cG raw 's publi-

M A. Miclial McMahon, "Corporate Technology: T he Social Origins ol the American In 
stitute o r Electrical Engineers." IEEE Proceedings 64 (1976): 1385.

" '"G reat Names behind the Institute." Electrical Engineering 53 (1934): 786-825.
""Charles F. Scott, "T he Institute's First Half Century." ibid., p. 666. I have assumed llinl 

the listing "A.I.E.E. Papers— 1884-99 and 1929-33" refers to papers published in the AIEE 
Transactions. T he  second category on the list, "miscellaneous and theory," is loo inclusive and 
vague to be ranked with the others. Robert Delfield. who analyzed issurs ol the AIEE Trans
actions dating from 1887 to 1904, found discussion ol |M>lyphase problems in many of these
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calions, th e re  w ere n u m e ro u s  o th e r  t ra d e  jo u rn a ls  in th e  electrical field by
1900. O th e r  p ro fe ssio n a l societies, such  as th e  N ationa l E lectric L igh t As
sociation , w hich o rg a n iz e d  u tility  e n g in e e rs  a n d  m an ag e rs  a n d  was the  
o rg an iza tio n  o f  E d ison  ligh t a n d  p o w er com p an ie s , a lso h e ld  m ee tin g s an d  
pu b lish ed  p ap e rs . T h e  p re fe r r e d  jo u rn a l  fo r  scholarly  p a p e rs  d ea lin g  with 
m a tte rs  new  a n d  o u ts ta n d in g , how ever, re m a in e d  th e  A IE E  Transactions 
because  o f  its p ro fe ssio n a l p re s tig e .87

In  B rita in , th e  p ro fe ss io n a l society fo r  e lec tric ians  a n d  electrical en g i
ne e rs  h ad  e a r lie r  o r ig in s  th a n  th e  A IE E . In  May 1871 a g ro u p  o f  m en 
associated  w ith te le g ra p h y  m et in L o n d o n  a n d  fo u n d e d  th e  Society o f  
T e le g ra p h  E n g in ee rs . W ith  th e  in crease  in in te re s t in e lec tric  ligh ting , 
how ever, th e  society in 1880 a d d e d  “a n d  o f  E lec tric ians” to  its nam e , and  
in 1889 ch a n g e d  th e  n a m e  to  In s titu tio n  o f  E lectrical E n g in ee rs  (IEE). It 
was reco g n ized  as th e  p ro fe ssio n a l society fo r B ritish  e lectrical en g in ee rs . 
P ro fe sso r W illiam  A y rto n  o f  th e  C ity -an d -G u ild s -sp o n so red  C e n tra l In sti
tu tio n , S o u th  K en s in g to n , e d ite d  th e  1EE Journal.

As in th e  U n ite d  S lates, th e  la test new s in th e  field  was su p p lie d  in p a r t 
by tra d e  jo u rn a ls . A m o n g  th ese  w ere The Electrician, f o u n d e d  in 1878; the 
Telegraphic Jo urna l and Electrical Review, e s tab lish ed  in 1872; th e  Electrical 
Engineer (L o n d o n ), b eg u n  in 1882; a n d  L ighting  (la te r The Electrical Times), 
w hich first a p p e a re d  in 1891. G en e ra l p u b lica tio n s such  as The Engineer 
a n d  Engineering, w hich  w ere  fo u n d e d  in 1856 a n d  1866 respectively  and  
en jo y ed  an  in te rn a tio n a l re p u ta tio n , a lso  re p o r te d  d e v e lo p m e n ts  in e lec
trical e n g in e e r in g .88

In  B erlin  in 1879 a g ro u p  o rg a n iz e d  by P o s tm as te r G en e ra l H ein rich  
von S tephan  an d  stim ulated  by the  su p p o rt o f  W ern e r von S iem ens founded  
th e  E le k tro te c h n isc h e r  V ere in  zu B erlin , w hich , b eg in n in g  in 1880, p u b 
lished  a perio d ica l e n title d  Elektrotechnische Zeitschrift. A n o th e r  early  p e r i
od ical, th e  Zeitschrift f i i r  angewandte Elektrizilatslehre (1880), la te r  ren am ed  
Centralhlatt fu r  Elektrolechnik (1883), m e rg e d  with th e  Elektrotechnische Zeit
schrift in 1889 to  b eco m e th e  lead in g  p ro fe ss io n a l jo u rn a l  in  th e  field. 
A m o n g  o th e r  G e rm a n  p ro fe ss io n a l e lec trica l e n g in e e r in g  societies was the 
E lek tro tech n isch e  G ese llschaft fo u n d e d  in F ra n k fo r t  o n  th e  M ain. In  1893 
th e  V e rb a n d  D e u tsc h e r  E le k tro te c h n ik e r  was fo rm e d  th ro u g h  a m e rg e r  o f  
local e lectrical societies, th e re b y  es tab lish in g  a n a tio n a l society .89

"7 Scoti, “T he Institute's First Half Century," p. 667.
For this account ol the Institution ol Electrical Engineers, I have drawn upon Percy 

D unshcalh. A History of Electrical Power Engineering (Cambridge. Mass.: M.I.T. Press, 1962). 
pp. 319-32. T he authoritative work is Rollo A ppleyard. History of the Institution o f Electrical 
Engineers, 1871-1931 (lam don: Institution o r Electrical Engineers. 1939).

m O ettmar, Starkstromtechnih, pp. 2H 7-9I; and Sigwart Ruppel, cd„ Elektrotechnische Gesell
schaft I-rank furl, 1881-1931: (ieschichtstafeln Her Elektiatechnih (Frankfort on the Main: F.lektro- 
tcchnische Cescllschaft, 1931?).
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Berlin: The 
Coordination 
of Technology 
and Politics

D u r i n g  th e  la ie -e ig h te e m h , n in e te e n th , a n d  early  tw en tie th  cen tu ries , 
two waves o f  in d u s tria liz a tio n  sw ept ov er th e  W este rn  w orld . T h e  

first, co m m o n ly  know n  as th e  In d u s tr ia l  R evo lu tion , im pressively  tra n s 
fo rm e d  reg io n s  o f  E n g lan d  a n d  S co tland ; th e  second , occasionally  called 
th e  Second  In d u s tr ia l  R ev o lu tion , c h a n g e d  new ly u n ited  G erm an y  a n d  the 
U n ited  S tates. T h e  1870s a re  o f te n  cited  as th e  d ec a d e  o f  tran sitio n  from  
th e  first to  th e  seco n d  in d u s tr ia liza tio n  phase . T h e  B ritish  In d u s tr ia l Rev
o lu tio n  is usually  assoc ia ted  w ith a syslem  o f  p ro d u c tio n  an d  tran sp o rta tio n  
th a t was heavily  d e p e n d e n t  on  coal, steam , a n d  iron ; th e  rap id  in d u s tr ia l
ization  o f  G e rm a n y  a n d  th e  U n ited  S tates involved  these  c o m p o n en ts , hut 
steel, e lectric ity , a n d  m a n -m a d e  chem icals, bo th  o rg an ic  a n d  ino rgan ic , 
w ere lay ered  o n  th e  e a r lie r  tech n o lo g ies  as well. T h e  second  e ra  o f  rap id  
in d u s tria liza tio n  is n o t as well u n d e rs to o d  o r  d e f in e d  as th e  first, b u t w hen 
fu tu re  h is to r ia n s  p ro b e  its p h e n o m e n a  a n d  s tru c tu re , electric  po w er— es
pecially  h ig h -v o ltag e  tran sm issio n  a n d  th e  un iversa l system  o f  electric  light 
a n d  p o w er m a d e  know n  to  th e  w orld  at F ra n k fo rt  a n d  N iagara  Falls— will 
fig u re  in trica te ly  a n d  p ro m in e n tly  in th e ir  in te rp re ta tio n s  a n d  p re se n ta 
tions. J u s t  as M an ch este r, B irm in g h am , a n d  o th e r  B ritish  cities w ere the 
c en te rs  o f  th e  first wave o f  in d u stria liz a tio n , certa in  cities will be clearly  
id en tified  as th e  sites o f  th e  seco n d . A m o n g  th e  u rb a n  c en te rs  o f  th e  second 
wave will su re ly  be C h icago  a n d  B erlin ; a m o n g  th e  cities by-passed  will be 
L o n d o n . C o n s id e ra tio n  o f  th e  e lec trifica tio n  o f  th e  first two b efo re  1915 
a n d  th e  lag g a rd  d e v e lo p m e n t o f  th e  th ird  will p ro v id e  som e u n d e rs ta n d in g  
o f  u rb a n  in d u s tria liza tio n  in th e  m o d e rn  e ra .

D u rin g  th e  fo u r  d ecad es b e tw een  th e  fo u n d in g  o f  th e  G e rm an  e m p ire  
a n d  th e  o u tb re a k  o f  W orld  W ar I, B erlin , th e  e m p ire ’s cap ita l, was a d y 
nam ic u rb a n  cen te r . It becam e th e  lead in g  in d u s tria l an d  com m erc ia l city 
on  th e  C o n tin e n t, a n d  in  w ealth  a n d  p o p u la tio n  ran k ed  b eh in d  only L on
d o n  a n d  Paris. W ith  re g a rd  to  a d m in is tra tio n  an d  o rg an iza tio n , c o n tem 
p o ra rie s  n am ed  it th e  m odel city o f  E u ro p e  an d  p ra ised  its c itizens fo r the  
rem ark ab le  b u rs t o f  e n e rg y  th a t tra n s fo rm e d  a provincial cap ita l o f  Prussia 
in to  a co sm o p o litan  city o r  in te rn a tio n a l e m in e n c e .1 T h e  m un ic ipa l au-

1 A. Shadwcll. Industrial Effiarncy, 2 vols. (London: Longmans. I90fi), I: 159-fiO; and 
Sigfrid von Wcilier. llrrlins Wrg iur Elfklropalu: Trrhiuk und Industnrgr\chirhtr an drr Sprrr 
(Berlin: Siapp, 1971). pp. 83-131.
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ih o rily  was w idely ju d g e d  th e  u ltim a te  in e n lig h te n e d , e ffic ien t, a n d  socially 
p u rp o se fu l g o v e rn m e n t in a p ro g re ssiv e  e ra  th a t looked  to  its cities as 
s ta n d a rd -b e a re rs  in an  u rb a n iz in g  a n d  in d u s tria liz in g  civilization. O n  the  
C on tinen t, a n d  especially in G erm any , a city was “idealized as a g rea t family,” 
o rg an ized  fo r econom ic , political, a n d  social e n d s  a n d  its g o v e rn m e n t was 
seen  as th e  m ean s fo r  o b ta in in g  th ese  e n d s .2 A m o n g  th e  m ean s  w ere public 
u tilities, in c lu d in g  tra n s p o r ta tio n ,  w a te r  a n d  gas, w aste d isposa l, a n d  ligh t
ing. By W orld  W ar I, a h a llm a rk  o f  th e  m o d e rn  p ro g re ssiv e  city was cu l
tivation  o f  a new  a n d  su b tle  fo rm  o f  ligh t a n d  p o w er— electric ity . Berlin  
was n o t fo u n d  lacking.

B ecause th e  city g o v e rn m e n t in B erlin  so effectively  re g u la te d  th e  p rivate  
u tility  th a t p ro v id e d  th e  m e tro p o lis  w ith ligh t a n d  po w er, a n d  because  the  
histo ry  o f  techno log ica l ch a n g e  in th e  city c a n n o t be u n d e rs to o d  w ithou t 
tak in g  th e  re g u la to ry  activ ities o f  th e  g o v e rn m e n t in to  a c co u n t, a b rie f 
d e sc r ip tio n  o f  th e  g o v e rn m e n t’s s t ru c tu re  a n d  fu n c tio n s  is n e e d e d . In  1881 
B erlin  becam e an  a d m in is tra tiv e  a re a  d is tin c t fro m  th e  P russian  prov ince 
o f  B ra n d e n b u rg ,  a n d  su b seq u en tly  th e  civil g o v e rn m e n t o f  B erlin  was o r 
gan ized  in to  tw o m a jo r d iv isions, th e  M agistral a n d  th e  Stadtverordnelenver- 
sam m lung  (“co m m o n  council"). T h e  M agistrat co nsis ted  o f  an  Oberburger- 
metster (“ch ie f m ayor”), a Biirgermeister ("m ayor”), a n d  a Stadtrat (“city council”) 
o f  th irty -tw o  m e m b ers , f if teen  o f  w hom  w ere  p a id  a d m in is tra to rs  a n d  sev
e n te e n  o f  w hom  served  w ith o u t pay. T h e  144 m e m b e rs  o f  th e  Stadtverord- 
netenversammlung w ere ch o sen  by m an h o o d  su ffra g e . F o r g e n e ra l decisions, 
th e  M agistrat a n d  Stadtverordnetenversammlung  m e t in co m m o n  a n d  som e
tim es n a m e d  co m m ittee s  th a t w ere re p re se n ta tiv e  o f  th e  w hole. T h ese  
com m ittee s  h ad  ju r isd ic tio n  o v e r pub lic  serv ices such  as w a te r supp ly , the  
lig h tin g  a n d  c lean in g  o f  th e  s tree ts , a n d  d ra in a g e . D etailed  co n trac tu a l 
a r ra n g e m e n ts  w ith th e  p riv a te  co m p an y  su p p ly in g  B erlin  w ith e lec tric  light 
a n d  p o w er w ere  ex e c u te d  by th e  M agistrat.

N ot on ly  was B erlin  p ro g re ss iv e  b u t it was in d u s tr ia l.  As in C h icago , this 
fact d eep ly  a ffec ted  th e  city ’s e lec tric  u tility . L o n d o n  a n d  o th e r  E u ro p ean  
cap ita ls h ad  b ecom e w orld  c e n te rs  ea r lie r ,  w h en  cities w ere th e  focus o f 
g o v e rn m e n t, co m m erce , a n d  re lig ious activities. B e rlin ’s fo rm a tiv e  years as 
a n a tio n a l c ap ita l c o in c id ed  w ith  G e rm a n y ’s ra p id  in d u s tria liz a tio n  a n d  rise 
to  techno log ica l p re e m in e n c e  fo llow ing  th e  F ran co -P ru ss ian  W ar a n d  the  
c o u n try ’s un ifica tio n . B erlin , m o re  th a n  V ien n a , Paris, o r  L o n d o n , was 
s h a p e d  by in d u s tr ia l im p e ra tiv e s  a n d  techno log ica l o p p o rtu n itie s . By 1900 
th e  q u a in t tw o-story  h o u ses  so c h a rac te ris tic  o f  P ru ssian  B erlin  h ad  given 
way lo  b usiness b locks th a t h o u sed  n o t on ly  co m m erc ia l e n te rp r is e s  b u t the 
h e a d q u a r te rs  o f  th e  in d u s tr ia l c o rp o ra tio n s  a n d  financ ia l in stitu tio n s (in
c lu d in g  th e  R e ichsbank , D eu tsch e  B ank , D iskon to  G ese llschaft, a n d  Jacob  
L an d au ) th a t se rv ed  th em . T h e  a d m in is tra tiv e  b o u n d a rie s  o f  “o ld  B erlin ." 
w ith a p o p u la tio n  o f  ab o u t tw o m illion , re m a in e d  as th ey  h ad  b een  since 
1860, en co m p ass in g  only  ab o u t tw en ty -n in e  sq u a re  m iles— six m iles across 
a n d  a b o u t live a n d  a h a lf  m iles fro m  n o r th  to  so u th . In d u s try , how ever, 
m u sh ro o m e d  in so-called “g re a te r  B erlin ,"  ra d ia tin g  ten  m iles from  city

* Frank S. H offman. "Municipal Activities in G ermany," Outlook 58 (1898): 1063. I am 
indebted lo Alan Steiner for calling my attention to the Hoffm an article and to sources about 
Berlins transportation systems.
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ce n te r . M ore  th a n  50 p e rc e n t o f  th e  w ork in g  p o p u la tio n  o f  o ld  B erlin  was 
em p lo y ed  by in d u s try , a n d  th e  p e rc e n ta g e  in g re a te r  B erlin , w ith a p o p 
u la tio n  a ro u n d  th re e  m illion , in c rea sed  as new  in d u s trie s  a n d  factories 
fo u n d  g ro u n d  th e re . B erlin  m a n u fa c tu re d  wool, w orked  iron  a n d  steel, 
tu rn e d  o u t heavy  m ach in e ry  (in c lu d in g  steam  en g in es  a n d  locom otives), 
p ro d u c e d  sew ing  m ach in es  a n d  bicycles, o rg an ized  chem ical p rocesses, an d  
d e s ig n e d  a n d  a ssem b led  heavy  a n d  ligh t e lectrical e q u ip m e n t fo r  G e rm an y  
a n d  th e  rest o f  th e  w orld . W h en  b u rg e o n in g  in d u s try  w ith in  th e  city th r e a t
e n e d  to  d e m e a n  th e  a rc h ite c tu re  a n d  th e  en v iro n m e n t, th e  m u n ic ipa l a u 
th o ritie s  co n s tru c te d  a g re a t cana l so u th  o f  th e  city to  c o n n ec t th e  S p ree  
a n d  H avel rivers  a n d  p ro v id e  a t ra n s p o r t  a r te ry  th a t w ould  d raw  ind u stry  
away fro m  city c e n te r .

B erlin  was n o t on ly  an  in d u s tr ia l  city b u t o n e  w hose in d u s try  was no tably 
electrical. T w o  o f  th e  w o rld ’s le ad in g  m a n u fa c tu re rs  o f  e lectrical m ach in 
ery , S iem ens 8c H alsk e  a n d  A llg em ein e  E lek triz ila ts-G ese llschaft (AEG), 
h ad  ce n tra l o ffices a n d  fac to ries  in B erlin  a n d  its im m ed ia te  su rro u n d in g s . 
A b o u t 50 p e rc e n t o f  th e  p e rso n n e l o f  G e rm a n y ’s e lectrical in d u s try  w orked  
th e re  un til W orld  W ar II . W ith  g o o d  rea so n , th e n , it has b een  called  the 
Elektropolis.3 T h is  b u rg e o n in g  in d u s try  h e lp e d  m a in ta in  th e  vitality o f  B e r
lin ’s— a n d  G e rm a n y ’s— eco n o m y  d u r in g  p e r io d s  o f  m ild recession  in th e  
th re e  d ecad es  p re c e d in g  W o rld  W ar I. S iem ens 8c H a lsk e ’s a n d  A E G ’s 
p re sen ce  also fu r th e re d  th e  e lec trifica tio n  o f  in d u s try  a n d  tran sp o rta tio n  
in B erlin . T h e  h is to rie s  o f  bo th  co m p an ie s  involved  a t o n e  tim e o r  a n o th e r  
n o t on ly  e lec trica l m a n u fa c tu r in g  b u t a lso  electrical su p p ly  in th e  city. In  
1883 S iem ens 8c H alsk e  was p a r ty  to  th e  fo u n d in g  o f  D eu tsche  Edison 
G esellschaft, w hich  in  tim e  m e ta m o rp h o se d  in to  AEG , w hich in tu rn , in 
1887, fo u n d e d  th e  B e rlin e r  E lek tric ita ts-W erk e  (see pp . 6 8 -7 7  above).

T h e  fo u n d e r  o f  S iem ens 8c H alske, W e rn e r  von  S iem ens (1816 -1 8 9 2 ), 
his associates, a n d  th e  co m p an y  s tim u la ted  an  e th ic  o f  science an d  p ro fe s 
s iona liza tion  as well as in v en tio n  a n d  in d u s try  in  B erlin .4 In  1879 von 
S iem ens was in s tru m e n ta l in th e  e s tab lish m en t o f  th e  B erlin  E lek tro tech - 
n isch e r  V e re in  (E lec tro tech n ica l A ssociation), which in tu rn ,  in 1894, s tim 
u la ted  th e  fo u n d in g  o f  th e  V erb a n d  D eu tsch e r E lek tro tech n ik e r  (la te r th e  
le ad in g  p ro fe ssio n a l o rg a n iz a tio n  fo r  th e  field  in all o f  G erm any). V on 
S iem ens also u rg e d  th e  g o v e rn m e n t to  estab lish  in B erlin  an  in stitu te  d e 

5 See von W cihcr, Berlins W egzur Elektropolis. O n AEG in Berlin, sec 75 Jahre AEG, a booklet 
published by the firm in 1958, especially pp. 29-30. On the Berlin electrical industry afier 
World War I, sec Peter Czada, Die Berliner Elehtroindustrie in der Weimarrr Zeit (Berlin: Col
loquium, 1969).

'  Biographies oC W erner von Siemens and histories o f Siemens & Halske are numerous, 
due in part to the existence of the company's archives in Munich. Among the works are 
W erner von Siemens, Inventor and Entrepreneur: Recollections of Werner von Siemens (1892: 
reprinted ed., London: Lund H um phries, I960): Georg von Siemens. History of the House of 
Siemens, 2 vols. (Freiburg/M unich: Albcr, 1957); Ju rgen  Kocka, Untemehmensvenvaltung und 
Angestelltenschafl; am Beispiet Siemens 1847-1914: Zur Verlialtnis von Kapitalismus und Biirokratie 
in der deutschen Industrialisierung (Stuttgart: Kleli, I9G9); Sigfrid von W eiher. Werner von Sie
mens: Ein Leben fu r  Wissenschaft, Technih und Wirtschaft (Gottingen: Mustcrschinidl. 1970); and 
Sigfrid von W cihcr and H erbert Goetzelcr, The Siemens Company: Its Historical Role in the Progress 
of Electrical Engineering (Berlin and Munich: Siemens, 1972). Sec also Jurgen  Kocka, "Siemens 
und der Aufliallsamc Aufslicg der AEG," Tradition 17 (1972): 125-42: and, primarily for 
later developments, Czada, Die Berliner Elehtroindustrie.
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vo ted  to  basic re sea rch . In  1883, in an  a p p ea l to  th e  P russian  gov e rn m en t, 
h e  w ro te , “R esearch  is th e  firm  fo u n d a tio n  o f  techno log ical p ro g ress; a 
co u n try 's  in d u s try  has n o  h o p e  o f  a tta in in g  an  in te rn a tio n a l, lead in g  po 
sition a n d  su s ta in in g  itse lf  un less  it is in th e  fo re f ro n t o f  scien tific  re se a rc h ." ' 
S iem ens o f fe re d  to  fin an ce  th e  b u ild in g  o f  such  an  in stitu te  w ith funds 
th a t h ad  b een  left to  h im  in th e  e s ta te  o f  his b ro th e r ,  W illiam . T h e  G erm an  
R eichstag  ev en tu a lly  accep ted  a m od ifica tio n  o f  S iem en s’s p ro p o sa l and  
estab lish ed  th e  P h y sik a lisch -T ech n isch e  R eichsansta lt (Im p eria l Physical- 
T ech n ica l In s titu te ), o f  w hich  H e rm a n n  von  H e lm h o ltz  (1 8 2 1 -1 8 9 4 ), then  
G e rm a n y ’s le ad in g  physicist, becam e th e  first p re s id e n t in 1887. Besides 
th ese  co n tr ib u tio n s  to  th e  scien tific  life a n d  in te llec tua l sp irit o f  Berlin , 
W e rn e r  von S iem en s was re sp o n s ib le  fo r  th e  in sta lla tion  o f  cha irs  in the 
new  field  o f  e lec trica l e n g in e e r in g  a t G e rm a n  Technuchen Hochschulen (see 
pp . 14 4—45  above).0 T h e se  in stitu tio n s, th e ir  e n g in e e rs , a n d  th e ir  scientists 
h e lp e d  e n su re  th a t tech n o lo g y  in g e n e ra l,  a n d  such  a d v an ced  fields as 
e lectrical e n g in e e r in g  specifically , w ould  flo u rish  in B erlin .

By 1900 B erlin 's  A llg em ein e  E lek triz iia is-G ese llschafi was a la rg e r  m an 
u fa c tu re r  o f  e lectrical m a ch in e ry  a n d  a p p a ra tu s  th a n  S iem ens & Halske. 
It h a d  17,300 em ployees, w hile S iem ens h ad  13,600; it h ad  60  m illion  m arks 
in sh a re  cap ita l, w hile S iem ens (in c lu d in g  its fo re ig n  subsid ia ries) h ad  54.5 
m illio n .7 W h en  fo u n d e d  in  1887, A EG  was p rim arily  a f in an c ie r  a n d  o p 
e ra to r  o f  elec trica l u tilities a n d  a m a k e r  o f  in c a n d e sc e n t lam ps. In  contrast, 
S iem en s was a m a n u fa c tu re r  o f  e q u ip m e n t. W ith in  a d e c a d e , h ow ever, AEG 
h a d  e x p a n d e d  its m a n u fa c tu r in g  to  in c lu d e  p o w er e q u ip m e n t a n d  had 
in tro d u c e d  a line  o f  po ly p h ase  m ach in e ry . T h e  co m p an y  c o n tin u e d  to 
fin an ce  a n d  b u ild  c e n tra l p o w er sta tio n s a n d  d u r in g  th e  1890s becam e 
especially  active in th e  c o n s tru c tio n  o f  e lec tric  s tre e tc a r  system s. It a cqu ired  
th e  r ig h ts  to  th e  d esig n s o f  F ran k  S p ra g u e , th e  A m erican  p io n e e r  in electric 
trac tio n . T h e  co m p an y  fo llow ed a policy o f  f in an c in g  its cu s to m ers , w hether 
they  w ere h o rse c a r  co m p an ie s  c o n v e rtin g  to  e lec tric ity  o r  co m p an ie s  with 
new  franch ises . In  co o p e ra tio n  w ith ban k s in B erlin  a n d  e lsew here , it also 
fin an ced  a n d  co n s tru c te d  p o w er p lan ts  fo r  e lec tric  su p p ly  u tilities and  
in d u s tria l facilities th a t u sed  h eavy-pow er e q u ip m e n t. In  1888, fo r exam ple, 
w ith th e  h e lp  o f  severa l banks. A EG  estab lish ed  A lu m in u m -ln d u s tr ie  A.G. 
in N e u h a u se n , S w itzerland . By 1900 A EG  h ad  estab lish ed  248 po w er p lan ts 
w ith a to tal capac ity  o f  21 0 ,0 0 0  h .p .8 A EG  also g rew  by am a lg am a tio n , the 
e s tab lish m en t o l Interessengemeinschaft (ad hoc c o m m o n -in te re s t o rg an iza
tions), a n d  ca rte l (p rice -co n tro l)  a r ra n g e m e n ts . W ith  th e  U n io n  Elektrizi-

5 Q uoted in Sigfrid von W ciher, Werner von Siemens: A Life in the Service o f Science. Technology 
and Industry (1970; Eng. trans.. Couingen: Musicrschn>idl. 1975), p. 73.

0 Von Siemens, House of Siemens, 1:115.
’ If, however, the 7,400 employees of Sclmckerl Sc Co. arc included, then the Siemens- 

controlled enterprise was larger. In 1903 Siemens Sc l lalskc and Scluickert Sc Co. o f Niirnberg 
established a bolding company, Sicmrns-Schuckerlwerke. T he new entity operated the electric 
power equipment m anufacturing facilities o f the two companies. T he shareholding, man
agem ent, and profits ol Siemens-Schuckertwcrke were weighted slightly in favor of Siemens 
Sc Halske. Siemens Sc I talske held 45.05 million marks of the holding company’s capital; 
Scluickert, 44.95 million. Von Siemens. House of Siemens. 1:192, 196.

"C onrad Maischoss, "Die gcschithilichc Eniwicklung der Allgemcinen Eleklriciiats-Ce- 
sellschaft in den crstcn 25 Jahrcn ilnes Bcstchens.” fleitrage cur Geschichte der Tecknik und 
Industrie I (1909): 62.
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ta is-G csellschaft ( fo u n d e d  by L udw ig  Loew e a n d  T h o m so n -H o u s to n  In 
te rn a tio n a l) .  A EG  fo rm e d  an  Interesxengrmeimchaft tha t d iv id ed  th e  m arket 
a n d  p ro fits  in th e  e lec tric  s tre e tc a r  fie ld , w h e re  U n ion  h ad  a firm  position . 
In  1903 Em il K a th en au , th e  fo u n d e r  o f  AEG, reach ed  an  a g re e m e n t with 
G en e ra l E lectric  in A m erica  to  d iv id e  th e ir  w orld  m ark e ts : AEG w ould 
c o n tin u e  to  be p re e m in e n t in E u ro p e ; G E, in N o rth  A m erica . AEG and  
G E also a g re e d  to  c o o p e ra te  in th e  d e v e lo p m e n t o f  th e  R ied le r-S tu m p l and  
C u rtis  s te a m -tu rb in e  p a te n ts  w hen  s team  tu rb in e s  b egan  d isp lac in g  re c ip 
ro ca tin g  s team  e n g in e s  in p o w er sta tions. AEG  fu r th e r  s tre n g th e n e d  its 
p osition  in th e  tu rb in e  field  by ex ch a n g in g  stock w ith th e  Swiss electrical 
m a n u fa c tu r in g  firm  B row n , B overi & C o m p an y , which h e ld  righ ts  to  m a n 
u fa c tu re  th e  P arso n s tu rb in e .n

A E G ’s in f lu e n c e  a m o n g  G e rm a n  utilities th ro u g h  stock o w n ersh ip  was 
ex tensive . B ecause th e  c o n tro l was th a t o f  a su p p lie r  o v e r its m ark e t, the  
r e la tio n sh ip  re sem b led  vertical in teg ra tio n . In  191 1 AEG  o w ned  som e pari 
o f  1 14 p ub lic  p o w er p lan ts  (Elektrizitatswerke), a n d  th ese  su p p lied  3 1 p ercem  
o f  th e  c o n n e c te d  e lec tric  load  in G erm an y . S iem en s-S ch u ck eri o w ned  a 
p a r t  o f  80 p o w er p lan ts , a n d  th e se  su p p lie d  6.3 p e rc e n t o f  th e  conn ec ted  
load . T h e  two m a n u fa c tu re rs  h e ld  a d is p ro p o r tio n a te  in te resi in th e  re l
atively few la rge -cap ac ity  p lan ts  r a th e r  th an  in th e  la rg e  n u m b e r  o f  sm all 
ones. P ow er p lan ts  w ith a capac ity  o f  m o re  th an  10,000 kw. su p p lied  34.6 
p e rc e n t o f  th e  co n n e c te d  load , a n d  th e  tw o m a n u fa c tu re rs  o w ned  an  in 
te re s t in th e  tw elve o f  th e se  th a t su p p lie d  26.4 p e rc e n t o f  th e  lo a d ." ’ M uch 
o f  th e  c apacity  o f  th e  c e n tra l sta tio n s in w hich A EG  h ad  invested  was located  
in B erlin  o r  its su b u rb s  a n d  was o p e ra te d  by th e  AEG  subsid ia ry , the 
B e rlin e r  E lek tric ita ts-W erk e  (BEW ).

C o n s id e r in g  th e  in v es tm en t n e tw o rk  a n d  A E G ’s p ivotal ro le  in it. ii is 
n o t su rp r is in g  th a t Em il R a th e n a u , th e  co m p an y 's  fo u n d e r , was know n in 
G e rm an y  as th e  in v e n to r  o f  th e  p r in c ip le  o f  m ark e t c rea tio n  th ro u g h  in 
vestm en t fin an c in g . R a th e n a u  also fo u n d e d  a n d  p re s id ed  o v e r th e  B erlin er 
E lek tric ita ts-W erk e  u n til his d e a th ."  L ike th a t o f  W e rn e r  von S iem ens. 
R a lh e n a u 's  n a m e  loom s la rg e  in th e  h isto ry  o f  th e  electrical in d u s try  in 
G e rm an y  a n d  also in th e  e s tab lish m en t o f  B erlin  as its Elektropalis, but while 
von S iem ens cam e  to  r e p re s e n t in v en tio n , e n g in e e r in g , a n d  ind u stria l sci
ence , R a th e n a u  s to o d  fo r th e  p o w erfu l a n d  w idely in flu en tia l in te rac tion  
o f  in v es tm en t cap ita l, in d u s tr ia l e n te rp r is e , a n d  highly  o rg an ized  m a rk e t
ing . H is son , W a lth e r  (1 8 6 7 -1 9 2 2 ) , su cceed ed  h im  as h ead  o f  AEG in 1915 
a n d  w en t on  to  d isp lay  o rg an iza tio n a l ab ilities on  an  even  g re a te r  stage 
th a n  h ad  his fa th e r . D u rin g  W orld  W ar I, W a lth e r d irec ted  the  allocation  
o f  G e rm a n y ’s re so u rces , a n d  sh o rtly  th e re a f te r  he  se rved  as m in is te r o f  
re c o n s tru c tio n  (1921) a n d  fo re ig n  m in is te r  (1922). H e was assassinated  by 
na tiona lis tic  a n d  an ti-S em itic  fanatics w ho o p p o sed , am o n g  o th e r  th ings,

0 Ibid., pp. 64-65.
10 llclga Nussbaum, "Vcrsuchc zur reichsgeselzlichen Rcgclung t in  dcu isrhrn  F.lrktri/i- 

latswirlschafl und zu ilircr UbciTulirung in Rcichsrigentum, 1909 bis 1914," /nhrhurh fin  
WirLschaftsgesclnclite (Berlin. 1968). pi. 3. pp. 137-38.

"  See pp. 66-78 above for a discussion of Rathenau and the founding of AFC- and BEW. 
Biographies o f Emil Ralhcnau include A. Ricdler, limil Rathenau und das Werden drr Cross 
urirlschaft (Berlin: Springer, 1916), and Felix Pinner. F.mrl Rathenau und das elehtnsrhe Zeitalter 
(Ixtipzig: Akadcmischc Verlagsgcscllsrhafi, 1918).
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Figure VII.I. Headquarters of Berliner 
Electnnlnls-Werke and Allgemeine 

Elektriiitdts-Cesellschaft, Berlin, 1891. 
From Orfizicllc Zciuing . . . Frankfurt 

am Main 1891. p. 16).

his d e s ire  to  fulfill th e  re p a ra tio n s  te rm s  o f  th e  p eace  s e ttlem en t. W alther, 
w ho was p assio n a te ly  c o m m itted  to  p h ilo so p h y  a n d  th e  a rts , p ro b ab ly  e n 
co u ra g e d  his f a th e r  to  a p p o in t th e  fam o u s a rch itec t P e te r  B eh ren s  (1868— 
1940) as a r t a n d  a rc h ite c tu ra l ad v iser to  AEG . B e h re n s  d e s ig n e d  th e  fam ous 
1909 A EG  tu rb in e  fac to ry  in B erlin . H e  also d e s ig n e d  vario u s e lectrical 
a p p lian ces  m a n u fa c tu re d  by th e  c o m p a n y .12

N o a cco u n t o f  th e  B erlin  e n v iro n m e n t in w hich th e  R a th e n a u s  n u r tu re d  
A EG  a n d  BEW  w ou ld  be a d e q u a te  w ith o u t d u e  em p h as is  o n  th e  ro le  of 
th e  in v es tm en t b an k s  (Kreditbanken) th e re . C o n s id e ra tio n  o f  th e se  a n d  th e ir  
re la tio n sh ip  w ith  th e  electrical in d u s try  focuses a tte n tio n  o n  G eo rg  von 
S iem ens. A co u sin  o f  W e rn e r ’s, G e o rg  ro se  th ro u g h  th e  ra n k s  to  becom e 
a h ead  o f  th e  D eu tsch e  B ank  in B erlin  a f te r  hav in g  w o rk ed  fo r  S iem ens 
8c H alske. T h e  D eu tsche  B ank  was o n e  o f  th e  le ad in g  Kreditbanken, w hich 
w ere, in e ffec t, a co m b in a tio n  o f  com m erc ia l a n d  in v estm en t banks, banks 
th a t have  b een  c h a ra c te r iz e d  by m any  h is to rian s  as th e  c e n te rs  o f  g rea t 
in d u s tr ia l in f lu e n c e — alm ost c o n tro l— d u r in g  th e  ra p id  in d u s tria liz a tio n  o f 
G e rm an y  a f te r  1 871 .1:1 G e o rg  von S iem ens adv ised  a n d  assisted  in the  
fin an c in g  o f  b o th  S iem ens 8c H alske a n d  R a th e n a u 's  e n te rp r is e s  un til AEG

'* Rooks and articles about and by W alihcr Ralhcnau arc num erous, but most focus on his 
political views, economic and social philosophy, and aesthetic interests. H erm ann Brinck- 
m cycr, Die Rathenaus (Munich: Wieland, 1922), does direct attention to his AEG association.

15 H ugh Nett burger, "The Industrial Politics of the KredtlbanJlen. 1880-1914." Business His
tory Review 51 (1977): I90--207. challenges the argum ent that the banks dom inated the bank- 
industry relationship in Germany, a thesis advanced by Rudolf Hilferding, Das Fmanikapital 
(Vienna: Vcrlag dcr W einer V olksbuchhandlung, 1923), and others. N euburger sees the 
relationship as one among negotiating, autonom ous powers. This view is also advanced in 
Kocka, Untemehmensverwallung. p. 431.
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becam e a s tro n g  m a n u fa c tu r in g  co m p e tito r  o f  th e  S iem ens firm . In  1896 
G eo rg  re s ig n ed  his ch a irm a n sh ip  o f  th e  b o a rd  o f  AEG  w hen  his p lan , w hich 
was fo r  AEG  to  fu n c tio n  p rim arily  as a fin a n c e r  o f  utilities a n d  po w er 
p lan ts  a n d  S iem ens as a m a n u fa c tu re r , was obviously no  lo n g e r  viable. 
G e o rg  von S iem ens h ad  g re a t resp ec t fo r R a th en au , be liev ing  him  to be 
th e  best financial a n d  com m erc ia l h ead  in th e  in d u s try , b u t A E G ’s m an ag e rs  
believed  th a t G eo rg , because  o f  his re la tives, was too  d eep ly  involved  in a 
co n flic t-o f-in te re st situ a tio n . F o r his p a r t ,  G eo rg  th o u g h t th a t R a th en au  
was o v e re x te n d e d  as fin an c ie r, m a n u fa c tu re r , a n d  o p e ra to r  o f  electrical 
u tilities. A EG  m a d e  a p ro f it f ro m  selling  heavy m ach in e ry , se lling  th e  u tility  
sh a re s  it look  in p ay m en t fo r  th e  eq u ip m e n t, a n d  th e n  fro m  o p e ra tin g  
som e o f  th e  utilities. A lth o u g h  G e o rg  von S iem ens, w ith his G e rm a n  sense 
o f  o rd e r  a n d  c o o p e ra tio n , was f ru s tra te d  in his a tte m p t to  ba lance  the  
activities o f  th e  tw o lead in g  m a n u fa c tu re rs , he was ab le  to  b r in g  ab o u t th e  
tra n s fo rm a tio n  o f  S iem ens 8c H alske  fro m  a n o n sh a re , fam ily -ow ned  e n 
te rp r is e  to  a stock  co m p an y  w hose sh a re s  w ere ow n ed  by th e  fam ily. T h is  
m ad e  it possib le  fo r  ban k s such  as th e  D eu tsche  B ank, w hich m ad e  loans 
to  S iem ens 8c H a lske , to  p lace m em b ers  o n  th e  b o a rd  o f  d ire c to rs  (A u f- 
sichstrat) o f  th e  s h a re  c o m p a n y .14

M otivated  by in d u s tr ia l  n eed s  a n d  th e  d e s ire  to  seize techno log ica l o p 
p o rtu n itie s , B erlin  d e v e lo p e d  an  ex em p la ry  tra n sp o rta tio n  system . As was 
th e  case in C h icago , B e rlin ’s e lec tric  u tility  su p p lied  th e  p o w er w hen  m uch  
o f  th e  c ity’s t r a n s p o r ta tio n  system  was elec trified . E arlie r, th e  P russian  s ta te  
becam e involved  in th e  p la n n in g  a n d  fu n d in g  o f  a tran sit system  in o rd e r  
to  facilitate m ilitary m obilization by railway. T h e  locadon o f  industry , w orker 
se ttlem en ts , a n d  m idd le -c lass s u b u rb a n  n e ig h b o rh o o d s , as well as m ilitary 
c o n s id e ra tio n s , s h a p e d  th e  s t ru c tu re  o f  th e  s ta le ’s t ra n sp o rta tio n  netw ork . 
B erlin , like L o n d o n  a n d  Paris, was a railw ay no d a l p o in t; tw elve m ain  lines 
co n v e rg ed  o n  it. C o n c e rn e d , as L o n d o n  h ad  b een , th a t ad d itio n a l m a in 
line railw ay sta tio n s in c e n te r  city w ould  m ar a n d  congest, B erlin  rin g ed  
itse lf w ith m a in -lin e  s ta tions. T h e se  w ere c o n n ec ted  by a Ringbahn  (“ r ing  
ra ilro a d ”), w hich  o p e n e d  in sections b eg in n in g  in 1872 a n d  w hich, a f te r  
1882, fed  in to  th e  Stadtbahn  (“city ra ilw ay”) th a t e x te n d e d  across B erlin  
fro m  east to  west. C o n n e c tin g  w ith th e  Stadtbahn, s tre e tc a r  lines ho n ey 
co m b ed  th e  city. T h e  e lev a ted  p o rtio n  o f  th e  Stadtbahn  was ca rr ie d  ab o u t 
tw enty  fee l above th e  s tree ts , a n d  its s ta tions a re  rich  in historical co n n o 
ta tio n s— F ried rich s tra sse , Z oo log ischer G a rten , a n d  A lex an d e rp la tz . D e
sp ite  bo th  th e  exce llence  a n d  th e  o rig in a l excess capacity  o f  th e  Stadtbahn, 
as well as th e  e x ten s io n s  o f  th e  s tre e tc a r  lines, increased  d e m a n d  a n d  g ro w 
ing  co n g estio n  led in 1896 to  th e  s ta r t o f  c o n s tru c tio n  o f  an  eleva ted  and  
subw ay system  across c e n te r  city, m ostly  to  th e  so u th  o f  th e  Stadtbahn. T h e  
city d e m a n d e d  th a t th e  system  go  u n d e rg ro u n d  in th e  w estern  section to 
e lim in a te  no ise  a n d  tra ffic  in th e  choice re siden tia l a reas  in th e  vicinity o f  
C h a rlo tie n b u rg . E arlie r th e  city insisted  th a t electric  s tree tca rs  ru n  o f f  
s to rag e  ba tte rie s  in c e n te r  city to  avoid unsigh tly  a n d  d a n g e ro u s  o v e rh ead  
po w er lines. B ecause o f  techn ical p rob lem s with s to rag e  ba tte ries , how ever, 
th e  re q u ire m e n t was su b seq u en tly  eased . At th e  tu rn  o f  th e  ce n tu ry  the

14 Von Siemens, House of Siemnu, I: 148-49, 154-58.
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U.S. consu l g e n e ra l in B erlin  a tte s te d  lo  th e  a rtistic  beau ty , th e  a rch itec tu ra l 
c h a rm , th e  fitness, a n d  th e  g e n e ra l ex cellence o f  th e  B erlin  system s o f  m ass 
tra n s it .15

As in o th e r  in d u s tr ia liz in g  cities, e lec tric  ligh t a n d  p o w er h e lp ed  sh ap e  
B e rlin ’s a rc h ite c tu re ; d eep ly  in flu en ced  th e  d esign  o f  its facto ries, and  
w orkshops, a n d  chem ical p lan ts ; s tim u la ted  in d u s tria l g ro w th ; d e te rm in e d  
th e  location  o f  th e  city ’s tra n sp o r ta tio n  system s; p ro v id ed  te le p h o n e  and  
te le g ra p h  c o m m u n ica tio n ; a n d , w hen  su b s titu ted  fo r  s team  pow er, lessened  
noise  a n d  d ir t .  In  sh o rt,  e lec trifica tio n  a ffec ted  th e  way in w hich w orkers 
la b o red , m a n a g e m e n t o rg a n iz e d , a n d  B e rlin e rs  lived. B ecause o f  this, the  
p riv a te  co m p an y  th a t su p p lie d  m ost o f  th e  elec tric  ligh t a n d  p ow er for 
B erlin  un til 1915, a n d  th e  m u n ic ip a l g o v e rn m e n t th a t re g u la le d  electrical 
su p p ly , sh a p e d  th e  h is to ry  o f  B erlin .

O n  th e  eve o f  W orld  W ar I, th e  B e rlin e r  E lek lric ita ts-W erke  (BEW ) 
ra n k e d  as o n e  o f  th e  w o rld ’s le ad in g  elec tric  su p p ly  u tilities. E n g in ee rs  and  
m a n a g e rs  looked  to  it, a lo n g  w ith th e  C o m m o n w ea lth  E dison  C o m p an y  of 
C h icago , as p acese tte rs  in th e  estab lish m en t o f  w orld  s ta n d a rd s , bo th  tech 
nical a n d  co m m erc ia l, fo r th e  elec tric  su p p ly  in d u s try . T h e  city en g in ee rs  
o f  M e lb o u rn e . A u stra lia , in c lu d ed  B erlin  a n d  BEW  on  th e ir  w orld  to u r  in 
1912, o b se rv in g  th a t "on  th e  C o n tin e n t o n e  n a tu ra lly  visits B erlin , being 
electrically  th e  m ost im p o rta n t city, n o t on ly  f ro m  an  e lec tric  su p p ly  po in t 
o f  view, b u t on  acco u n t o f  th e  fact th a t th e  tw o m ost p o w erfu l electrical 
m a n u fa c tu r in g  co n ce rn s  in E u ro p e  have  th e ir  fac to ries  h e re .” 16 In  1913 
G e o rg  K lin g en b e rg , h ead  o f  A E G ’s p o w e r-p la n t d iv ision , b ro u g h t th e  d e 
tails o f  B e rlin ’s e lec tric  su p p ly  system  to  th e  a tte n tio n  o f  th e  techn ica l w orld 
in his analysis o f  th e  u tilities in th e  G e rm a n  cap ita l, C h icago , a n d  L o n d o n .17 
S am u el In su ll o f  C o m m o n w ea lth  E d ison  in c lu d ed  th e  B erlin  system  in his 
co m p ariso n s  o f  th e  techn ica l a n d  econom ic  cha rac te ris tic s  o f  le ad in g  util
ities. In  G e rm a n y , BEW  was th e  la rgest o f  th e  u rb a n  u tilities.

T h o se  w ho c o m p a re d  th e  s la te  o f  e lec trifica tio n  in vario u s cities fo u n d  
th a t B erlin  h ad  lit th e  s tree ts  o f  th e  m e tro p o lis  beau tifu lly , in p a r t  w ith arc 
lig h tin g  fro m  BEW  a n d  in p a r t  w ith gasligh t f ro m  th e  city -ow ned p lan t. 
T h e  d e leg a tio n  o f  e n g in e e rs  f ro m  M ellx m rn e  w axed  e lo q u en t. B erlin ’s 
stree ts , they  said , w ere  am o n g  th e  finest in th e  w o rld — w ide, sm o o th , and  
clean . N o w h ere  else  was th e re  a th o ro u g h fa re  m o re  b e a u tifu l th a n  U n te r  
d e n  L in d en  as it s tre tc h e d  th ro u g h  th e  h e a r t  o f  th e  city a n d  in to  the 
Tiergarten. Its lig h tin g  was su p p lie d  by new ly in tro d u c e d  flam e-arc  lam ps. 
T h e  s tre e t was so sm o o th  th a t “a co n s id e rab le  p ro p o r tio n  o f  th e  youth , 
m ale  a n d  fem ale , d u r in g  th e ir  le isu re , d isp o rt them selves  on  ro lle r  skates, 
in c u rr in g  th e re b y  so m e  c o n s id e rab le  risk fro m  th e  ra p id  au to m o b iles  that 
ab o u n d  e v e ry w h ere ."  The lead in g  th o ro u g h fa re s , w ith o r  w ithou t skaters, 
h ad  a rc  ligh ts, a n d  o th e r  s tree ts  h ad  ex ce llen t g a s lig h tin g .18

13 Frank I I. Mason, "T ransportation Problems and Progress in G ermany." U.S. Consular 
Reports, no. 273 (June 1903), p. 176; idem. "New Electric U nderground and Elevated Railway 
at Berlin," Advanre Sheets of U.S. Consular Reports, 29 March 1902, p. 7.

lr>City o f Melbourne, City Electncal Engineers' Notes on Tour Abroad (Melbourne. Australia. 
1912), p. 13.

-lOt)7 tie 0 r* Klin,?C,,,,CrK• "t lc c l ,i ti l> Supply in U rg e  Cities," The Electrician 72 (1913): 398-

'"Cily o f Melbourne, Engineers' Notes, p. 38.
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As early  as 1890 B e rlin ’s u tility  was su p e rio r , in m any p a rticu la rs , to  that 
in N ew  Y ork , th e  city w h e re  E d ison  h ad  in a u g u ra te d  c en tra l-s ta tio n  electric  
ligh ting . J o h n  Beggs, v ice -p re sid en t o f  th e  Edison  E lectric Illu m in a tin g  
C o m p an y  o f  N ew  Y ork , pa id  a p ro fessio n a l visit to  K a th en au 's  B erlin  fa
cilities in th e  s p r in g  o f  1890, a n d  his re p o rts  g low ed w ith a d m ira tio n . In 
his es tim a tio n — a n d  h e  h ad  in sp ec ted  s ta tions in A m erica  a n d  E u ro p e — 
B e rlin ’s c e n tra l sta tio n s h ad  “a tta in e d  th e  g rea test d e g re e  o f  p e rfec tio n  
re a c h e d  u p  to  th e  p re se n t tim e ."  H e fo u n d  th em , “a rch itec tu ra lly , m e 
chanically  a n d  electrically  c o n s id e re d , m odels  o f  n ea tness , effic iency , re li
ability , eco n o m y  a n d  p e rm a n e n c y .’’10

T h e  h is to ry  o f  c e n tra l-s ta tio n  su p p ly  in B erlin  b e fo re  th e  estab lish m en t 
o f  A EG  o r  BEW , its fully  o w n ed  subsid ia ry , has a lread y  b een  to ld  (sec pp . 
6 6 -7 6  above). In  1884 D eu tsch e  E d ison  G ese llschaft (D EC ), th e  R a th e n a u  
c o m p an y  th a t h e ld  E d ison  p a ten ts , e s tab lished  th e  S tad tisch e  E lektri/.itats- 
W erke  (StEW ) to  tak e  o v e r th e  su p p ly  fran ch ise  th a t h ad  b een  given  to 
D E C  by th e  city  o f  B erlin . T h e  new  c o m p an y  b u ilt c en tra l s ta tio n s in B erlin  
on  M a rk g ra fe n s tra sse  a n d  M au erstra sse , o p e n in g  th em  in 1885 a n d  1886 
respectively . In  1887 S lE W ’s n a m e  was ch a n g e d  to  B e rlin e r  Elect ricitiiis- 
W erke , a n d  R a lh e n a u  fo u n d e d  AEG . A EG  th e n  took  o v e r th e  m an ag em en t 
o f  B EW , loca ted  th e  BEW  o ffices in th e  sam e b u ild in g  w ith its ow n on  
Sch lege ls trasse , a n d  fo rm e d  a co m m o n  m a n a g e m e n t, o r  execu tive , b o a rd  
(Vorstand) con sis tin g  o f  R a th e n a u , O sk a r  von M iller, a n d  Felix D eutsch .

T h e  to n e  o f  th e  a n n u a l re p o r t  o f  th e  B e rlin e r  E lek iric ita ts-W erke  was 
sa n g u in e  fo r  a y ea r  a n d  a h a lf  a f te r  th is reo rg an iza tio n . T h e  ligh tin g  o f  
U n te r  d e n  L in d en , th e  b ro a d  th o ro u g h fa re  fro m  P a rise r Platz to  Span- 
d a u e rs tra sse , was g re e te d  “[by] th e  citizens o f  B erlin  a n d  by th e  e n tire  
e lectrical in d u s try  w ith jo y .”20 T h e  ra p id  increase  in d e m a n d  em b o ld en ed  
th e  co m p a n y ’s d ire c to rs  to  install capacity  b eyond  th e  load  th a t cou ld  be 
im m ed ia te ly  c o n n e c te d . T h e y  w ere  n o t c o n c e rn e d  th a t capacity  w ould  stan d  
id le; th e  d e m o n s tra te d  “p re fe re n c e  o f  th e  public  fo r  e lectric  ligh t, especially  
th e  lively n ig h tlife  o f  th e  city, th e  e rec tio n  o f  n u m e ro u s  new  bu ild ings and  
th e  r is ing  living s ta n d a rd s  o f  th e  city" a ssu red  th em  th a t th e  system ’s load 
w ould  soon  ag a in  reach  th e  lim its o f  capac ity .21

BEW  soon  ra n k e d  as th e  la rg est o f  th e  G e rm a n  utilities. T h e  first an n u a l 
statistics p u b lish ed  in  th e  1895 Elektrotechnische Zeitschrift, G ei m an y ’s m ost 
a u th o rita tiv e  jo u rn a l  in  th e  fie ld , show ed  th e  B erlin  u tility  ra n k in g  well 
ah e a d  o f  its closest rivals, H a m b u rg , F ra n k fo rt  on  th e  M ain, a n d  M unich. 
A t th a t lim e  B EW  h ad  fo u r  ce n tra l sta tions; all su p p lied  d irec t c u rre n t,  
a n d  they  h ad  a to ta l g e n e ra tin g  capacity  o f  a b o u t 9 ,900  kw. T h e  m unicipal 
w orks in H a m b u rg  h a d  a capacity  o f  ab o u t 2 ,400  kw. A d ecad e  la te r, BEW, 
w ith a capacity  o f  85 ,1 0 0  kw., c o n tin u e d  to  o u tp ace  o th e r  u rb a n  utilities. 
T h e  H a m b u rg e r  E lek tric ita tsw erke  fo llow ed with 25 ,400  kw. In  1913, on

'®Jolin Beggs lo Board of Directors o f EEI Co.. New York, 8 April 1890, published in 
Payson Jones, A Power History of the Consolidated Edison System. 1878-1900  (New York: Con
solidated Edison Co., 1940), p. 331.

,0 Berliner Elcklriciliils-Werkc, Sechster Geschaftsbericht der Actirn-Gesellschaft Herhner Eleklri- 
cilAts-W erke belreffenddas Gesehdflsjahr vom I. Januar 1887 bis JO.Jum 1888 (Berlin: BEW, 1888), 
p. I.

” Ibid.. p. 2.
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th e  eve o f  W orld  W ar I, B EW  was still a h e a d , w ith a capacity  o f  192,700 
kw., c o m p a re d  to  th e  H a m b u rg  u tility ’s 44 ,3 0 0  kw.22

B erlin , th e n , was an  in d u s tria liz in g , w e ll-o rd e red  cap ita l th a t su sta ined  
th e  d e v e lo p m e n t o f  m o d e rn  techno logy , especially  e lectrical technology . 
BEW  used  th e  m ost ad v an ced  ligh t a n d  p o w er eq u ip m e n t a n d  p re sid ed  
o v e r th e  in tro d u c tio n  o f  th e  g e n e ra l u rb a n  system  th a t h ad  b een  inven ted  
a n d  d ev e lo p ed  d u r in g  “th e  ba ttle  o f  th e  system s." AEG  ow n ed  BEW  and  
used  it as a site  fo r  full-scale te s tin g  o f  new  techno logy . B esides AEG 
e n g in e e rs  a n d  m a n a g e rs , th e  e x p e rts  at S iem ens 8c H alske, by v irtu e  of 
th e ir  p re se n c e  in B erlin , s tim u la te d  B EW  to excel. T h e  C h a rlo tte n b u rg  
Technische Hochschule a n d  th e  U n iversity  o f  B erlin  also e n h a n c e d  th e  sp irit 
o f  ach iev em en t. The m un ic ip a l g o v e rn m e n t was n o t, h ow ever, overaw ed  
by th e  techn ica l, m an a g e ria l,  sc ien tific , a n d  financial p o w er o f  its p rivate  
utility . B e rlin ’s offic ia ls d rew  u p o n  th e  p ro u d  tra d itio n  o f  th e  P ru ssian  civil 
serv ice , d e m a n d in g  a n d  rece iv ing  th e  sam e resp ec t a n d  a u th o rity  th a t public 
offic ia ls o f  th e  sta te  a n d  na tio n a l g o v e rn m e n ts  rece ived . T h e  s tro n g  B erlin  
g o v e rn m e n t stro v e  to  d ire c t a n d  reg u la te  its pub lic  utilities, in c lu d in g  elec
tricity , in o rd e r  to  fulfill its h ig h  s ta n d a rd s  a n d  lo  satisfy th e  m o re  broad ly  
e n f ra n c h ise d  e le c to ra te ’s in c reas in g  d e m a n d  fo r  pub lic  services. Always in 
th e  b a c k g ro u n d , in an  e ra  o f  sp re a d in g  m un ic ip a l socialism , o r  m un ic ipa l 
o w n e rsh ip  o f  utilities, was th e  possibility  th a t socialists a n d  th e ir  allies in 
th e  Stadtverordnetenversammlung  w ould  lak e  o v e r th e  u tility  w h en  its f ra n 
ch ise  e x p ire d . T h e  socialists a rg u e d  th a t g o v e rn m e n t o w n e rsh ip  w ould 
b r in g  serv ice th a t was m o re  re sp o n siv e  to  th e  e le c to ra te  th a n  th a t p ro v id ed  
by th e  p r iv a te  u tility . U ntil such  an  ev en tu a lity , h ow ever, th e  city was d e 
te rm in e d  to  tax  th e  rev en u es  o f  th e  u tility  in  o rd e r  to  m ee t th e  increasing  
cost o f  social w elfare .

B erlin  b e fo re  W orld  W ar I, th e re fo re ,  is an  ex ce llen t se ttin g  fo r  a study  
o f  th e  in te ra c tio n s  o f  an  effec tive , in fo rm e d , a n d  s tro n g  re g u la to ry  a u 
th o rity  w ith a w e ll-m anaged , w ell-lin an ced , a n d  techno log ica lly  advanced  
p riv a te  e n te rp r is e  su p p o r te d  by vario u s financial a n d  b an k in g  in terests. 
T h e  vario u s c o n tra c ts  n e g o tia te d  be tw een  th e  city a n d  th e  u tility  m anifest 
n o t on ly  th e  city ’s d e te rm in a tio n  to  sh a re  in th e  rev e n u e s  o f  th e  priva te  
c o m p an y  b u t a lso th e  k ind  a n d  e x te n t o f  serv ices th e  m u n ic ip a lity  believed 
its c o n su m e rs— w h e th e r  h o u se h o ld , com m erc ia l, tra c tio n , o r  in d u s tria l— 
sh o u ld  have. In  ad d itio n  to  th e  p ro f it  d r iv e , th e  c o n tra c ts  re flec t th e  u tility ’s 
dec is ions ab o u t w h a t was, o r  was to  be, techn ically  feasib le. Finally , the  
a r ra n g e m e n ts  m ad e  b e tw een  th e  tw o p a rlie s  m an ifest th e  techn ica l style o f 
a la rge-scale , cap ita l-in ten siv e , science-based  e n te rp r is e . As in E ng land , 
r e g u la to ry  leg isla tion  co u ld  have re ta rd e d  techno log ica l c h an g e  by im pos
ing  co n d itio n s  th a t re flec ted  an  o u tm o d e d  s la te  o f  tech n o lo g y  o r  by im 
p osing  lim its to  g ro w th , b u t in B erlin  th is was n o t th e  case. As in C hicago, 
po litic ians co u ld  have  b een  so p lian t as to  have little e ffec t on  th e  utility, 
b u t, ag a in , th is was n o t t ru e  in B erlin . B erlin  m an ag ed  to  co o rd in a te  tech 
nical a n d  political p o w er a n d  c re a te  a w o rk in g  political econom y.

" T h e s e  statistics arc taken from Elektrotechmchr Z.eitschrift 16 (IH95): 223-26; 26 (1905): 
24; and 34 (1913): 1450. Numbers have been rounded o ff to the nearest 100 kw. In the 
statistics for 1913, DiisscldoiT-Kcisholz and Gleiwitz rank ahead of H am burg, but these are 
assumed to he area supply stations rather than urban utilities.
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T h e  first c o n tra c tu a l a g re e m e n t was reach ed  in 1884 b e tw een  th e  city 
a n d  D eu tsch e  E d ison  G esellschaft a n d  in c o rp o ra te d  essen tia l c a teg o ries  
fo u n d  in la te r  a g re e m e n ts . B erlin  re q u ire d  an  incom e fro m  th e  utility , an d  
th e  co n tra c t spec ified  th a t 10 p e rc e n t o f  th e  u tility 's g ross incom e a n d  25 
p e rc e n t o f  its a n n u a l n e t p ro f it  w ould  go  to  th e  city. T h e s e  p e rcen tag es  
w ere ca lcu la ted  a f te r  a d iv id en d  o f  6 p e rc e n t on  sh a re  cap ita l was d ec la red  
a n d  d e d u c te d . In  ad d itio n , th e  city w ould  re g u la te  ra te s  by re q u ir in g  M ag
istral a p p ro v a l o f  p rices  fo r e lectric ity  su p p lie d  to  cu sto m ers . B ecause th e  
city w an ted  th e  exc itin g  new  ligh t fo r  its s tree ts  a n d  pub lic  b u ild in g s, th e  
p rice  fo r  th is serv ice was sp ec ified . T h e  u tility  was re q u ire d  to  su p p ly  any  
c u s to m e rs  w ho a g re e d  to  lake  serv ice  fo r  th re e  years.

T h e  w o rd in g  o n  co m p u lso ry  p u rc h a se  a n d  th e  d u ra tio n  o f  th e  fran ch ise  
cau sed  d e b a te  a n d  c re a te d  p ro b lem s. T h e  B erlin  n eg o tia to rs  u n d o u b te d ly  
reca lled  th e  co n fu s in g  a n d  g en e ra lly  n ega tive  im pac t o f  th e  com pu lso ry - 
p u rc h a se  c lause e n a c te d  by th e  B ritish  P a rlia m e n t in 1882. A cco rd in g  to  
th e  B erlin -D E G  a g re e m e n t, th e  fra n c h ise  was in te n d e d  to  ex te n d  fo r th irty  
years, b u t u p o n  tw o y e a rs ’ n o tice  a f te r  1 O c to b e r  1895 th e  city w ould  be 
ab le  to  d e m a n d  p u rc h a se  a t th e  lax  value. I f  th e  city ra ised  th e  taxes on  
th e  u tility , th e  p u rc h a se  p r ice  fo r  th e  city th e n  inc rea sed  (a su b tle  con tro l). 
T h e  a g re e m e n t sp ec ified  as well th a t th e  u tility  h ad  to  set as ide  2 pe rcen t 
o f  its g ross in co m e  yearly  u n til it h a d  a d e p re c ia tio n  a n d  re p lacem en t fu n d  
am o u n tin g  to  20 p e rcen t o f  th e  sh a re  capital. T h is  provision g u a rd ed  against 
a p riv a te  c o n c e rn ’s ru n n in g  do w n  its p lan t b e fo re  th e  tim e  o f  co m pu lso ry  
p u rch ase .

A n in te re s tin g  a rtic le  in th e  1884 c o n tra c t p ro v id ed  th a t th e  city would 
have lo  pay 150 p e rc e n t o f  th e  a p p ra ise d  value if  th e  u tility  was tak en  ov e r 
a f te r  fifteen  years, a n d  3.33  p e rc e n t m o re  fo r  each  year less th a n  th e  fifteen . 
F o r each  yea r in  excess o f  f ifteen , th e  p rice  w ould  be re d u c e d  by 3.75 
p e rcen t. T h e  in te n t was to  c o m p en sa te  th e  ow ners  fo r too  sh o rt  a perio d  
in w hich to  o b ta in  a r e tu rn  o n  th e ir  inv estm en t. T h e  e ffec t was th a t a f te r  
tw en ty -e ig h t years  B erlin  cou ld  p u rc h a se  th e  u tility  w ith o u t pay in g  a p re 
m iu m .23

W hat d id  th e  p r iv a te  co m p an y  receive? In  essence, th e  city con ced ed  a 
m o n o p o ly  on  an  inne r-c ity  a re a  w ith a rad iu s , c e n te re d  on  th e  W erd ersch  
M arke t, o f  a b o u t h a lf  a m ile. T h e  a re a  m atch ed  th e  econom ical d is trib u tio n  
a re a  o f  th e  early  d .c. p la n t a t th e  Pearl S tree t s ta tion  in New Y ork. In  this 
a re a  th e  u tility  co u ld  lay co n d u c to rs  u n d e r  th e  s tree t, th u s  a lso follow ing 
th e  P earl S tre e t p re c e d e n t. C o n s id e r in g  th e  s ta le  o f  th e  techno logy , the  
a re a  was a p p ro p r ia te .  T ech n ica l ch an g e  w ould  soon  ex te n d  th e  ran g e  o f  
d is tr ib u tio n , how ever, a n d  th e n  th e  co m p an y  w ould w ant th e  franch ise  
e x te n d e d .

B e fo re  th e  tw o sides re a c h e d  an  a g re e m e n t, th e  Stadtverordnetenver- 
sam m lung  en g a g e d  in h ea ted  d eb a te . T o  som e m em b ers , th e  g ra n tin g  o f  a 
m o n o p o ly  to  a p r iv a te  e n te rp r is e  was a blow s truck  aga inst p rog ressive  
m u n ic ipa l p ractice . O th e rs  fo u n d  it h a rd  to  believe tha t th e  city w ould 
co n s id e r cu ltiv a tin g  an  electric  ligh tin g  system  in p riva te  h an d s  w hile it

”  H ugo Meyer, "Municipal O w nership in Germany, “Journal o f Political Economy 14 (1906): 
563; Robert C. Brooks, "Municipalization o f the Berlin Electric Works," Quarterly Journal of 
Economic) 30 (1916): 192.
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ow ned  an  o p e ra tin g  g a s lig h tin g  p la n t in w hich it h ad  invested  heavily. T h e  
p e rsuasive  a rg u m e n t in fav o r o f  th e  co n trac t was th e  sam e as th a t u sed  in 
E n g lan d : b ecause  e lec tric  lig h tin g  was a new , u n p ro v e n  techno logy , p riva te  
e n te rp r is e  sh o u ld  tak e  th e  risks, a n d  th e  fran c h ise -g ra n tin g  g o v e rn m e n t 
sh o u ld  sh a re  th e  in co m e a n d  look fo rw ard  to  c o m p u lso ry  p u rc h a se  a f te r  
th e  u tility  h ad  b een  tr ie d  a n d  p ro v en . T a x p a y e rs ’ m oney  was n o t— it was 
th o u g h t th e n — to be in v ested  in techn ica l in n o v a tio n s  o f  a com m erc ia l k ind . 
In  lim e  a la rg e  m ajo rity  o f  th e  co m m o n  counc il a ccep ted  th e  B erlin -D E G  
a g re e m e n t. A c co rd in g  to  th e  e n th u s ia s tic  e n d o rs e m e n t o f  o n e  B erlin  new s
p a p e r , “ N o th in g  ch a ra c te r iz e s  th e  s ign ificance  o f  a new  c rea tio n  b e lte r  th an  
th a t a t th e  m o m e n t o f  b ir th  it is reco g n ized  as a co m m o n  g o o d  fo r all.” 
O th e r  cities a n d  u tilities th ro u g h o u t  G e rm a n y  p a t te rn e d  th e ir  re la tio n sh ip s  
on  th e  B erlin  a r r a n g e m e n t .24

In  la te r  years  BEW  n eg o tia ted  c o n tra c tu a l rev isions as B e rlin e rs  ou ts id e  
th e  o r ig in a l m o n o p o ly  zone  so u g h t serv ice . R equests  fo r e x ten s io n  o f  service 
b ro u g h t a re sp o n se  fro m  th e  m u n ic ip a l a u th o ritie s . T h e  fran ch ise  service 
a rea  was e x te n d e d  to  p ro v id e  a load  fo r th e  d ire c t-c u r re n t s ta tio n s on  
M a rk g ra fe n s tra sse  a n d  M au e rs tra sse  a n d  fo r  th e  S p a n d a u e rs tra s se  sta tion , 
w hich o p e n e d  in 1889. In  1890, how ever, th e  M agistrat re fu se d  to  allow 
e x p a n s io n  o f  B E W ’s facilities bey o n d  th e  th re e  ce n tra l s ta tio n s a lread y  in 
o p e ra tio n  a n d  a n o th e r  u n d e r  co n s tru c tio n  (S ch iffb au e rd am m ). F u r th e r 
m o re , th e  city lim ited  e x p a n s io n  o f  B E W ’s to tal p lan t capac ity  to  28 ,000  
h .p . T h is  was p ro b ab ly  d o n e  to  p ro te c t th e  lig h tin g  m a rk e t o f  th e  city- 
ow n ed  gasw orks. T h e  rap id ly  in c reas in g  d e m a n d  fo r  e lec tric ity , how ever, 
soon  b ro u g h t  s tro n g  p re s su re  aga in st th e se  co n s tra in ts .  W ith in  th e  te rr ito ry  
o f  su p p ly , BEW  m a d e  ad ju s tm e n ts  by th ic k e n in g  its n e tw o rk  o f  d is tr ib u tio n  
lines a n d , w h en  th e  d is tan ces o f  tran sm iss io n  ex c e e d e d  g o o d  d .c. practice , 
by b u ild in g  s to ra g e -b a tte ry  su b s ta tio n s  th a t co u ld  be c h a rg e d  fro m  th e  
c en tra l-s ta tio n  g e n e ra to rs  d u r in g  th e  low -load d ay lig h t h o u rs  a n d  th e n  be 
u sed  to  s u p p le m e n t th e  su p p ly  d u r in g  th e  heavy-load  ev e n in g  h o u rs . But 
th e  m o ra to r iu m  o n  th e  b u ild in g  o f  ce n tra l  s ta tio n s  a n d  th e  lim its on  p lan t 
capacity  f ru s tra te d  th e  d r iv e  o f  B E W ’s m a n a g e rs  a n d  e n g in e e rs  to  e n h an ce  
th e  d e v e lo p m e n t o f  e lec tric  ligh t a n d  pow er.

T h e  d e m o n s tra tio n  o f  a u n iv ersa l su p p ly  system  at th e  C h icag o  exposition  
in 1893 a n d  o f  th e  te ch n o lo g y  o f  h ig h -v o ltag e  p o w er tran sm issio n  at Lauf- 
fe n -F ra n k fo r t  in 1891 m ad e  o b so le te— fro m  th e  v iew po in t o f  B E W ’s e n 
g in ee rs— th e  1884 c o n tra c t b e tw een  th e  city o f  B erlin  a n d  BEW . In  1896. 
p o ly p h ase  e q u ip m e n t was in tro d u c e d  at a new  c e n tra l s ta tio n  on  Schiff
b a u e rd a m m  (Fig. V I I .3). At th e  c en tra l sta tio n  on  M a rk g ra fen s tra sse , e n 
g in ee rs  in sta lled  tra n s fo rm e rs  a n d  c o n v e rte rs  to  c h a n g e  3,000-volt poly
ph ase  c u r r e n t  fro m  S c h iffb a u e rd a m m  in to  220-volt d ire c t c u r re n t fo r 
distribu tion . T h e  tran sfo rm a tio n  o f  the  M arkgrafenslrasse  sta tion— the  first 
c en tra l s ta tio n  in G e rm a n y — in to  a su b s ta tio n  was ind ica tive  o f  th e  sh ift to 
th e  u n iversa l system . T h e  new  tech n o lo g y  c h a llen g ed  o ld  leg isla tion , and  
th e  c o n tra d ic tio n  b e tw een  tech n o lo g y  a n d  leg isla tion  s h a rp e n e d  fu r th e r  as

Conrad Matschoss, "Geschichilirhe Enlwicklung d e r Berliner Elekiricilais-Werke von 
ih rcr Begrundung bis zur U bernalim e du rrli die Sladt," Beitrage zur Geschichte der Technik und 
Industrie 7 (1916): H; Conrad Matsclioss el al.. 50 Jahre Berliner Elektruitdtswerke. 1884-1934 
(Berlin: VDI Verlag, n.d.), p. 12.
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Figure Vll.3. h in t polyphase generator 
in Berlin. Sclnffbauerdamm central station. 
IS96 Courtesy of Berliner Kraft-und Licht 

AC (formerly HEW).

th e  c e n lra l-s ia lio n  m a n a g e rs  in B erlin  so u g h t to  supp ly  th e  recently  e lec
t rified  u rb a n  tra n s it system  with pow er. BF.VV w an ted  to  bu ild  a large- 
p o lyphase  s ta tio n  o u ts id e  city c e n te r  in o rd e r  to  satisfy th e  d e m a n d  not 
on ly  fo r lig h tin g  b u t fo r s ta tio n a ry  a n d  trac tio n  pow er. The u tility ’s goal 
re flec ted  th e  in te re s t o f  A EG , th e  m an u fa c tu re r-o w n e r . in in tro d u c in g  the  
new  po ly p h ase  e q u ip m e n t its e n g in e e r  M ichael D olivo-D obrow olsky had  
d ev e lo p ed . Em il R a th e n a u  co n s id e red  b u ild in g  a “g igan tic  cen tra l sta tion"  
o n  th e  S p re e  R iver ab o u t ten  m iles from  th e  city w here  real esta te  was 
c h e a p e r , coo ling  w a te r was available, a n d  coal delivery  a n d  ash rem oval 
w ere easier. T h e  sta tio n  w ould  su p p ly  B erlin  by u sing  th re e -p h a se  t ra n s 
m ission lo  reach  su b sta tio n s a n d  th e  cen te r-c ity  d is trib u tio n  system .'"’ 

B E W ’s n e g o tia tio n s  w ith th e  m un ic ipa lity  to  ob ta in  th e  rig h ts  to  fulfill 
th ese  technical possibilities w ere d raw n  o u t a n d  d ifficu lt. D iscussion e x 
ten d e d  fro m  th e  su m m e r o f  1897 un til th e  e n d  o f  1898. B esides th e  u tility ’s 
d e te rm in a tio n  to  e x p a n d  by fu lfilling  techn ical possibilities a n d  to  ob ta in  
pro fits  fro m  re la ted  econom ies, th e re  was th e  u n d e rly in g  issue o f  p riva te  
versus public  o w n ersh ip , w hich th e  Social D em ocrats in th e  city g o v e rn m en t 
k ep t alive, a n d  th e  re la ted  p ractical q u estion  o f  w hen  th e  city sh o u ld  e x 
ercise  th e  po w er o f  pu rch ase . BEW  w an ted  a c lear an d  p recise  u n d e rs ta n d 
ing ab o u t th e  p u rch ase  o p tio n  so th a t it cou ld  p lan  its ex p an sio n  a n d

“ "The History o f r  Great Electrical Company," Electrical Review 37 (IH'JS): 627.
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estab lish  p ro f ita b le  ra les . O n  th e  o th e r  h a n d , th e  m ajority  o f  th e  Magistrat 
a n d  Stadtverordnelenversammlung  w an ted  th e  u tility  lo  flo u rish  so th a t co n 
su m e r n eed s  w ould  be m e t a n d  th e  u tility  w ould  be so u n d  w hen taken  
o ver. T h e  s itu a tio n  called  fo r c o n s tru c tiv e  n eg o tia tio n  ra th e r  th an  adversary  
co n fro n ta tio n .

T h e  ra p id  in crease  in e lec tric  s tre e t railw ay load  a f te r  1896 posed  a m ajo r 
issue fo r  n eg o tia tio n . In  1879 W e rn e r  von S iem ens h ad  d isp layed  an  electric  
locom otive a t a B erlin  tr a d e  fa ir , b u t th e  im p o rta n c e  o f  th is m o d e  o f  tra n s 
p o rta tio n  d id  n o t b eco m e c lea r  u n til th e  1890s. In  1894 th e  p ow er load 
(trac tio n  a n d  s ta tio n a ry ) o n  BEW  was only  o n e -te n th  o f  th e  to ta l; in 1900 
th e  trac tio n  load  m a tc h e d  th e  co m b in a tio n  o f  s ta tio n a ry  p o w er a n d  ligh t 
load . T h e  city w an ted  th e  ra le  fo r  trac tio n  p o w er lo  be low in o rd e r  to 
facilita te  th e  t r a n s p o r ta tio n  o f  lo w er-in co m e g ro u p s , especially  th e  in c rea s
ing  n u m b e r  o f  in d u s tr ia l w ork ers . T h e  u tility  w an ted  lo  increase  th e  pow er 
load  in o rd e r  lo  utilize  e n la rg e d  p la n t capacity  m o re  fully, im p ro v e  the  
load  fac to r, a n d  low er u n it cap ita l costs. T h e  tw o p a rlie s  finally  ag re e d  th a t 
all e le c tr ic -s tree tca r  f ran ch ise s  g ra n te d  by th e  city w ould  re q u ire  th a t the  
e n f ra n c h ise d  e n te rp r is e  lake  e lec tric ity  f ro m  BEW . In  r e tu rn ,  th e  utility  
a g re e d  n o t to  ex ceed  ch a rg e s  o f  10 p fg ./kw h . fo r  th e  e le c tric -s tree tca r p ow er 
su p p ly ; th is was su b s tan tia lly  low er th a n  th e  16 p fg ./kw h . th a t h ad  been  
c h a rg e d  since 1894 fo r p o w er c u r re n t ,  a ra te  w hich  h a d  scarcely ex ceed ed  
costs. T h e  co m p an y  took  th e  risk  th a t eco n o m y  o f  scale a n d  im p ro v ed  load 
fac to r w ou ld  low er costs below  th e  price . Each five y ears th e  p rice  was to 
be re n e g o tia te d , b u t it was n o t to  be  h ig h e r  th a n  th a t c h a rg e d  by th e  th re e  
la rg est G e rm a n  cities th a t su p p lie d  c u r r e n t  fo r  e lec tric  trac tio n  fro m  steam - 
g e n e ra tin g  p lan ts .

O n  th e  issue o f  th e  a re a  o f  B E W ’s su p p ly  m o n o p o ly  a n d  th e  d u ra tio n  
o f  its te n u re  b e fo re  c o m p u lso ry  p u rc h a se  was possib le , th e  1899 c o n trac t 
p ro v id e d  a m o n o p o ly  fo r all o f  B erlin  a n d  spec ified  th a t th e  com pu lso ry - 
p u rc h a se  o p tio n  co u ld  no t be ex e rc ised  b e fo re  1915. T h e  ceilings p laced  
on  g e n e ra tin g  capac ity  w ere  ra ised  b u t n o t e lim in a ted  in 1899, ag a in  su g 
ges tin g  a re lu c ta n c e  on  th e  p a r t  o f  vario u s in te re s ts  re p re se n te d  in th e  city 
g o v e rn m e n t to  see e lec tric  light a n d  p o w er rap id ly  d isp lace  gas ligh ting . 
T h e  a g re e m e n t o f  1899 s ta ted  th a t capacity  in side  B erlin  sh o u ld  be lim ited  
to  42 ,5 0 0  kw. a n d  th a t p o w er fo r th e  city o rig in a tin g  o u ts id e  B erlin  sh o u ld  
n o t ex ceed  37 ,0 0 0  kw. T h is  p ro v id e d  lo r  th e  h igh -vo ltage  po ly p h ase  ca
pacity  BEW  w an ted  o u ts id e  th e  city a n d  at th e  sam e tim e  a ssu re d  co m 
p u lso ry  p u rc h a se  o f  th e se  facilities a lo n g  w ith th o se  in th e  city (see Fig. 
VI 1.4). T h e  c o n tra c t a lso sp ec ified  th a t all e lec tric  g e n e ra tin g  p lan ts  a n d  
su p p ly  fran ch ise s  h e ld  by A EG  as well as BEW  w ith in  a rad iu s  o f  30 kil
o m e te rs  f ro m  th e  c e n te r  o f  B erlin  w ould  be subject to  p u rc h a se  in 1915. 
By m ean s o f  th is u n d e rs ta n d in g ,  th e  tw o p a rtie s  avo id ed  th e  possib le  d i
lem m a of th e  p riv a te  e n te rp r is e  e x te n d in g  its facilities bey o n d  th e  political 
ju r isd ic tio n  o f  th e  g o v e rn m e n t a u th o rity  h o ld in g  a p u rc h a se  o p tio n — a 
ch ro n ic  p ro b lem  in L o n d o n  b e fo re  W orld  W ar I.

In creasin g ly  b u rd e n e d  by e x p e n d itu re s  fo r city services, B erlin  took  a d 
van tag e  o f  th e  re n e g o tia tio n  o f  th e  c o n tra c t lo  ra ise  its sh a re  o f  BEW 's 
incom e. B erlin  c o n tin u e d  to  take  10 p e rc e n t o f  th e  g ross incom e, b u t d o u 
b led  its sh a re  o f  th e  co m p a n y ’s p ro fits . T h e  1899 c o n tra c t spec ified  that 
th e  m u n ic ip a lity  w ou ld  rece ive  50 p e rc e n t o f  th e  n e t p ro fits  a f te r  a 6 p ercen t
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Figure V11.4. BEW polyphase system. 
1900: Central stations (A): motor- 

generator conversion substations (O); and 
the city limits of Berlin From

Matschoss et a!.. 50 Jahrc . p. 127.

d iv id e n d  o n  sto ck  s h a r e s  h a d  b een  d e c la r e d  a n d  d e d u c te d .1’ 1’ (In  19 1  1 - 1 2  
th e  total in c o m e  o f  th e  c ity  fro m  B E W  w as 7 m illio n  m a rk s .)

T h e  city a lso  s p e c i f ie d  th at w h en  p ro fits  (Reingewinn) e x c e e d e d  12 .9  
p e rc e n t o f  th e  s h a r e  c a p ita l , c u s to m e r  r a le s  w o u ld  be r e d u c e d  by u p  to 10  
p e rc e n t. B y  1 9 1 3  (a y e a r  fo r  w h ich  c o m p a ra t iv e  rate s w ith  o lh c i  m a jo r  
w o rld  c itie s a r e  a v a ila b le )  B E W . w ith city  a p p r o v a l, c h a rg e d  '10  p fg ./k w h . 
fo r  lig h t in g , w ith  d isc o u n ts  b ase d  o n  th e  a n n u a l bill fo r  c u r r e n t : 10  p ig ./  
k w h . fo r  n ig h t se rv ic e  a n d  a d v e rt is in g ; a n d  1 1 p lg ./k w h . fo r  p o w e r . (T h e r e  
w as n o  c h a rg e  fo r  m eters.)- ’ 7

D if fe re n t ia l ra te s  fa v o r in g  in d u s tr ia l c o n su m e r s , both  tractio n  a n d  s ta 
t io n a ry , k ep t lig h t a lu x u r y  fo r  p riv a te  c o n su m e r s  but s p u rr e d  in d u s tr ia l
izatio n . In  1 9 1 4  o n ly  6 .6  p e rc e n t o f  B e r lin  h o u s e h o ld s  w e re  co n n e c te d  fo r  
e lec tr ic ity  s u p p ly ; o n ly  in 19 2 7  d id  th e n u m b e r  reac h  5 0  p erc en t (see f  ig.
V I I .5 ) .28 A s  o b s e rv e d , th e  sh a r e  o f  light in th e  total lo ad  d r o p p e d  sh a rp ly  
a f te r  18 9 4 , a n d  th e trac tio n  lo ad  fa r  s u r p a ss e d  th e ligh t lo ad  at th e tu rn  
o f  th e  c e n tu ry . T h e  m ost n o tab le  c h a n g e  in th e lo ad  m ix  a l te r  19 0 0  w as 
th e  ste a d y  in c re a se  in s ta tio n a ry  p o w e r  lo ad  (see F ig . V I I .6). In  19 0 0  BF.W

m Satings Horsen jahrbuch. 1900/1901. p. ItIDO: 1901/1 {102. |>|>. ll7 (i-77 .
''', T he  County of London Electric Supply Co.. Ltd.. Public Inquiry Held by the Eleitnrity 

Commissioners in Connection with Application for Consent [or the Erection of a / ’own Station at /lathing 
October 6, 7, S. 9. 1920: Justification of Evidence (liven by Mr. Charles II. M en. ;ipp. .1. "Lie« tut itv 
Supply in Great Cities T hroughout the World" (item in Mrrz & Mrl.ellan Co. Art hives. 
Amhcrley. Killingworlh, near Newcastle upon Tyne, England). The information on Berlin is 
lor the years 191 1-13; see p. 258 below for a comparison of tales for Berlin and othri t ines. 
A nother source, City of Melbourne. Engineers' Notes, p. 13, reported the nuinicipality's income 
from BEW revenues in 1910-11 as £ 174,000. T he city's share of the utility's income combined 
with its share o f the profits totaled 37 percent of BEW's gross income. W. Eellenherg, "Die 
Enlwicldung de r Starkstrom Icchnik in Deutschland und in (let Vereinigten Staaten von 
N ordamcrika," Elehlrotechnische Zeilsclinfl 30 (1909): I 199.

Matschoss el nl.. W  Jahre. p. 50.
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Figure VII. S. Increase in electricity 
consumption in Berlin: Percentage af 

Berlin households connected (table left): 
increase in kilowatt-hours consumed per 

capita (graph right). From Matschoss el 
at.. 50 Jahre , p. 56.

Figure VII.6. Development of various 
loads. BEW: Light and power (Licht und 

Kraft): electric traction (Bahnen); and 
higli-voltage transmission 

(Horhspannung). From Matschoss et a!., 
50 Jah re . p 89

s u p p lie d  5 2 ,0 1 4 ,6 1 2  k w h . C o n n e c te d  to th e  B e r lin  n e tw o rk  b y  th e  e n d  o l 
fiscal y e a r  18 9 9 / 19 0 0  w ere  4 ,9 64 m o tors, 3 0 3 ,3 0 4  in can descen t lam p s, 12 ,3 9 6  
a rc  la m p s, a n d  6 7 6  m isc e lla n e o u s  a p p a r a lu s . T he total c o n n e c te d  lo ad  w as 
3 6 .3 5 0  kw . In  a d d it io n , th e  s t re e tc a r  lo ad  a m o u n te d  to  8 ,0 0 0  h .p . O f  th e 
total c o n su m p tio n , in  c o n tra st  to c o n n e c te d  lo a d , ligh t a m o u n te d  to 2 8  
p e r c e n t ; s ta t io n a ry  m o to r  p o w e r , 2 4  p e r c e n t ; a n d  s t re e tc a r , o r  tractio n  
p o w e r , 4 8  p e r c e n t . - I n  19 0 0  th e c o n n e c te d  sta t io n a ry  p o w e r  lo ad  su r p a ss e d

I 190111902. p. I 176. These statistics refer to the business year
I July 1899 to 30 June 1900.
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T able V II.1. Motor Load of B erliner ElektricitAts-Werke in B erlin Classified 
According to Use, 1914

Load No. of Motors Kw

Metal Working 7,023 24.155
Elevators 4.940 28.939
W oodworking 3.816 11.464
Presses 3.749 8.997
Ventilators 3.297 1.240
Meat Packing 1.724 5.287
Sewing Machines 1.638 1,280
Washing Machines 1.026 1.947
Pumps 880 5.813
Paper Mills 698 1,831
Cloth Culling 630 390
Leather Working 571 1.615
G rinding and Polishing 493 1.381
D ough and B utter Machines 400 1,881
Stirring, Mixing, and G rinding 395 2.154
Spinning 274 558
Dynamo Drive 188 2.743
Coffee Making 156 273
Tobacco M anufacturing 146 393
Mat Pressing 53 1 13
Various 4.686 14.030

Total 36.783 116.484

Source: Berliner Electricilats-Werke, Geschaftsbrrichl. . . 1914/15, pp. 1 0 -11.

th e  co n n ec ted  ligh t load  fo r  th e  first lim e. (As n o ted , trac tio n  load  abou t 
m atch ed  th e  co m b in a tio n  o f  s ta tio n a ry  p o w er load  an d  lig h tin g  load .) F rom  
th a t p o in t o n , BEW  was p r im arily  a po w er com pany . By 1907 th e  trac tio n  
an d  s ta tio n a ry  p o w er loads w ere  a b o u t equa l. A fte r  1910, w hen  BEW  began  
s u p p ly in g  in d u s tr ia l co n su m ers  by m eans o f  100-h.p. m o to rs  d irec tly  from  
a h igh -vo ltage  n e tw o rk  r a th e r  th a n  fro m  th e  re g u la r  220-volt system , the  
s ta tio n a ry  p o w er load  su rp assed  th e  trac tio n  load  a n d  co n tin u e d  to  grow  
la rg e r. BEW  p ro m o te d  in fac to ries th e  in tro d u c tio n  o f  e lec tric  m o to rs  to 
rep lace  s team  en g in es  w ith b e ll-iran sm issio n  system s by re n tin g  m o to rs  at 
a m odest cost a n d  allow ing  th e ir  re tu rn  o r  p u rch ase  a f te r  th o ro u g h  testing  
a n d  ev a lu a tio n . T h e  close c o o rd in a tio n  betw een  AEG , tb e  m a n u fa c tu re r  
o f  these  m o to rs , a n d  BEW  fu r th e re d  th e  e lec trifica tion  a n d  in d u s tria liz a 
tion  p rocess .3" (See T a b le  VI 1.1.)

F u r th e r  b reak d o w n  o f  th e  load  acco rd in g  to  type  o f  c o n su m e r th row s 
light on  th e  n a tu re  o f  ind u stria liz a tio n  in B erlin . In 1910-11 th e  total 
o u tp u t o f  B EW , in c lu d in g  e n e rg y  used  in  its o w n cen tra l sta tions, a m o u n te d  
to  198,031 ,743  kwh. T h e  to ta l was ca tego rized  as follows: ligh ting , 26 
p e rc e n t; pow er, 37 p e rc e n t; trac tio n , 32 p e rcen t; a n d  h igh -vo ltage  supp ly  
(p robab ly  s ta tio n a ry  pow er), 5 p e rcen t. In  co n tra s t to  th e  o u tp u t, th e  c o n 
n ec ted  load  was 206 ,726  kw., 39 p e rcen t o f  w hich was in ligh ting , 54 p e rcen t 
in p o w er a n d  h ea lin g  (m ostly  sta tio n a ry  a n d  trac tio n  pow er), an d  6  p e rcen t 
in h igh -vo ltage  su p p ly .31 In  1911 th e  co n n ec ted  load fo r all G e rm an  cen tra l 
sta tions was 38 p e rc e n t ligh tin g  (in can d escen t a n d  arc) a n d  60  pe rcen t

,0 Matschoss. "Berliner Elektricilats-Wcrkc," pp. 20-21.
31 City o f M elbourne, E ngtn tm ' Notts, p. 13. Klingenbcrg, "Electricity Supply in l.arge 

Cities," p. 398, lisls BEW s 1910-11 output as 192.100,000 kwh.



Figure VII.7. BEW load curvet on days 
of highest load (Hoclistlasl). From 
Matschoss el al., 50 Jahrc , p. 71.
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po w er a n d  h e a lin g  (s ta tio n a ry , 43 p e rc e n t;  tra c tio n , 15 p e rc e n t;  a n d  hea t, 
2 p e rc e n t) .12 T h e  c o rre la tio n  b e tw een  B erlin  a n d  th e  rest o f  G e rm an y , 
u rb a n  a n d  ru ra l,  in load  m ix is p artia lly  ex p la in e d  by th e  fact th a t w hile 
B erlin  h ad  ab o u t 8 p e rcen t o f  th e  to ta l co n n e c te d  load  on  c e n tra l sta tions 
in G e rm a n y , o th e r  la rg e  cities a lso h ad  su b stan tia l sh ares . L ike B erlin , th e  
la rg e  cities w ere  in d u s tr ia liz in g  a n d  p ro v id in g  m ass tran s it.  T h e  trac tio n  
sh a re  o f  th e  to tal p o w er load , h ow ever, was m u ch  h ig h e r  in B erlin  th a n  in 
th e  rest o f  G e rm an y .

By W orld  W ar I, BF.W h ad  c re a te d  a un iv e rsa l su p p ly  system  o f  th e  k ind  
fo u n d  in C h icago , a system  (hat was still no tab ly  absen t in L o n d o n . BEW  
h ad  tak en  th e  in itial s te p  to w ard  es tab lish in g  such  a system  in 1896 with 
th e  in a u g u ra tio n  o f  p o ly p h ase  su p p ly  at th e  S c h iffb a u e rd a m m  c en tra l sta 
tion . Its m a jo r m ove was m a d e  in 1899 (al th e  tim e  o f  its new  con trac t w ith 
B erlin ) w ith th e  tak eo v e r  o f  th e  O b e rs p rc e  p o w er s ta tio n  fro m  A EG  (see 
Fig. V II .8). T h is  was a la rg e  sta tio n  loca ted  o u ts id e  B erlin . AEG  h ad  p u t 
O b e rsp re e  in to  serv ice in 1897, b e fo re  BEW  was a u th o riz e d  by th e  city to 
o p e ra te  p o w er p lan ts  o u ts id e  th e  city. W ith an  in itia l capacity  o f  1,000 kw., 
th e  p o w er p lan t h ad  th e  a d v an tag es  o f  low er-cost rea l e s ta te , available 
cooling w ater, an d  easier coal and  ash handling . O b e rsp rec  was also equ ipped  
fo r  po w er tran sm issio n  to  w este rn  B erlin  a n d  th e  city’s w este rn  su b u rb s  al 
6 kv., b u t b e fo re  1899 th e  p lan t su p p lie d  in d u s try  in th e  im m ed ia te  vicinity, 
in c lu d in g  an  A EG  cab le -m a n u fa c tu r in g  p lan t (see Fig. V II .8, p. 193). A fte r

,w Georg D ettmar, "Die Sinlistik dcr Elckirizitatswcrke in Deutschland nach dcm Stande 
voin I April 1915," Elektrolerhnisrhr Zntschrifl 34 <1913): 1447-50.



1 9 3  B E R L IN : T E C H N O L O G Y  A N D  P O L IT IC S

Figure VII.8. The polyphase central station at Oberspree (left) and the AEG Cable Works, its primary load (right), 1897. From Matschoss el at.. 50 
Jahre, p. 30.

capacity  re s tric tio n s  on  BEW  w ere e lim in a ted  in 1907 by a revision ol the  
1899 co n trac t, BEW  in creased  th e  capacity  o f  th e  O b e rsp re e  p lan t, in stall
ing  52 ,000  kw. by 1912.

As th e  load  w ith in  th e  a re a  o f  th e  city a lread y  su p p lied  w ith tw o-w ire, 
110-volt c u r re n t  stead ily  in creased , BEW  d ec id ed  (in 1899) to  e n la rg e  the  
capacity  o f  its d is tr ib u tio n  system  by ra is ing  th e  vo ltage to  th e  co n su m er 
fro m  I 10 to  220. BEW  was th e  first utility  in G erm an y  to  m ove to  th e  220- 
volt system , a n d  it set a p re c e d e n t th a t sp re a d  th ro u g h o u t th e  co u n try , 
m uch  o f  th e  C o n tin e n t, a n d  to  E ng land . ( The U n ited  S tates stayed  with 
th e  110 system .) W ith th e  ch an g e , BEW  assum ed  th e  cost o f  c o n v e rtin g  
co n su m ers ' app lian ces  a n d  m o to rs  to  th e  h ig h e r  voltage. T h e  co n seq u en t 
low ering  oT d is tr ib u tio n  costs because o f  m ore  econom ical d is trib u tio n  (less 
c o p p e r) w ould co m p en sa te  th e  com pany . D evelopm ent o f  a m etallic in- 
can d escen t-lam p  filam ent capable  o f  w ith stand ing  the  h ig h e r voltage m ad e  
th e  ch an g eo v e r  possible.'’'’

T h e  m ctallic-filam eni lam p  in tro d u ced  in B erlin  in 1906 used  on ly  o ne  
w all fo r each  can d le  p ow er o f  illum ina tion  a n d  abou t o n e - th ird  the  en e rg y  
o f  th e  ca rb o n  filam ent. T h e  a tte n d a n t red u c tio n  in th e  cost o f  ligh ting

”  M.nschoss, "Berliner ElckiriciiiitvW crkc." p. 19.
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Figure VII.9. Polyphase supply system. 
BF.W. 1915: A = central stations; O  = 

current conversion (motor-grnerators); -

m ad e  th e  in can d escen t lam p  a ttrac tiv e  to  an  even  la rg e r  seg m en t o f  the  
p o p u la tio n  th a t h ad  fo rm erly  u sed  g a s lig h t.'w Several years e a r lie r  BEW  
h ad  reach ed  o u t fo r lo w er-incom e cu s to m ers  a f te r  h e ing  s h a rp ly  ch a llen g ed  
by th e  low er ra le s  o f  sm all iso lated  s ta tio n s o p e ra te d  by th e  o w n ers  o f  la rge  
a p a r tm e n t a n d  o ffice  b u ild in g s fo r  th e ir  ow n a n d  th e ir  te n a n ts ' use. I hese 
“block sta tio n s"  w ere ab le  to  o f fe r  low er ra tes  because  they  d id  no t use  the  
s tree ts  fo r d is tr ib u tio n , n e e d e d  no  rev e n u e -sh a r in g  fran ch ise  fro m  th e  city, 
a n d  c o n c e n tra te d  on  h igh -loud  d istric ts. T o  m eet th e  ch a llen g e . BEW  had  
low ered  its g e n e ra l ligh tin g  ra te s  in Jan u a ry  1904 to  40  pfg ./kw h ., a re 
d u c tio n  o f  25 p e rc e n t. In s tead  o f  an  in c rease  in d e m a n d , how ever, BEW 
e x p e rie n c e d  a s h a rp  d o w n w a rd  m o v em en t in c o n su m p tio n  d u r in g  th e  win-

Maischoss cl nl., 50 Jahre, p. 38; I Ians-Joachim Braun. "Gas oder Elckiriziiai? £ur Kon- 
kurrenz zweier ItclcuclminRssysicnie, I880-I!)M ." Technikgeschichle 47 (I980 ):IS -I4 .



Figure VII. 10. Comparative sue of 
reciprocating steam engine with generator 

(bottom) anil steam turbine with generator 
(lop). From Mabchoss el at.. 50 jalirc. p.
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te r  o f  1908/9. T h is  re su lte d  in p a r t from  th e  in tro d u c tio n  o f  th e  m o te  
e ffic ien t m e ta llic -filam en t lam p , bu t it also follow ed th e  g o v e rn m e n t's  lim 
iting  sh o p  h o u rs  to  e ig h t, th e  m o re  effic ien t use o f  e lectric ity  by s tree tcars , 
a n d  th e  c ity -ow ned gas p lan t's  red u c tio n  in ra tes. BEW  c o u n te re d  with 
fu r th e r  ra te  ch an g es, especially  those  th a t en c o u ra g e d  th e  la rg e  pow er 
u se rs .3ft T h e  e n tic e m e n t o f  heavy po w er co n su m ers  was a re sp o n se  to the 
e n d em ic  p ro b lem  o f  th e  iso lated  p lan t from  w hich la rge  in d u stria l c o n 
su m ers  su p p lied  th e ir  ow n n eeds. As th e  g ra p h s  o f  BEW  o u tp u t show , th e  
t re n d  was aga in  steep ly  u p w a rd  in 1909. (See Fig. V II.ft.) Iso lated  p lan ts 
su p p ly in g  in d iv idua l in d u s tr ie s  c o n tin u e d  to  o f fe r  substan tia l com p e titio n , 
how ever; in 1913 it was estim a ted  th a t iso lated p lan ts  a n d  “block sta tions"  
su p p lied  ab o u t 40  m illion kw h., o r  th e  eq u iva len t o f  alm ost o n e -llf th  ol 
th e  e n e rg y  sold by BEW .:,(>

BEW  co n tin u e d  to  bu ild  a g en e ra lized  system  by in tro d u c in g  s team  tu r 
b ines b eg in n in g  in 1902 (see Fig. V II. 10). T h e  early  h istory  o f  tu rb in e  use 
by BEW  show s th e  close re la tio n sh ip  o f  AEG as m a n u fa c tu re r  a n d  HEW 
as full-scale te s tin g  g ro u n d . AEG  e n te re d  th e  tu rb in e  field soon a f te r  early  
in sta lla tions o f  P arso n s tu rb o g e n e ra to rs  in E n g lan d  a n d  Parsons-type  tu r 
b ines bu ilt by B row n , B overi & Go. o f  B ad en /M an n h e im , a subsid iary  o f 
th e  Swiss firm , in E lb erfe ld . G e rm an y , p ro v id ed  s tro n g  ind ica tions o f  the 
in v en tio n ’s p racticality  a n d  po ten tia l im p ro v em en ts . AEG m ad e  a false start 
by a tte m p tin g  lo  d ev e lo p  th e  R ied le r-S tu m p f design . T h e  R ied lc r-S tu m p f 
tu rb in e  was an  ad a p ta tio n  o f  th e  basic c o n s tan l-p rc ssu rc  design  in tro d u ced  
by th e  Sw edish in v en to r  C arl G. P. d e  Laval in 1883. By m eans o f  large 
cross-sectional tu rb in e  b lades a n d  the  re o rd e r in g  o f  add itio n a l steam  noz
zles, AEG  h o p ed  to  ho ld  th e  sp eed  o f  ro ta tio n  to  practical lim its. T h e  first 
la rg e  tu rb in e  o f  th is design  was insta lled  in 1902 in BEW 's M oabit pow er 
s ta tion  (see Figs. V I I .I I  a n d  V I I .12). At its m ax im um  speed , 3 ,800  rp m ,

”  Mulschoss cl al., J0 Jahre. pp. 37-38.
Klingenlierg, "Electricity Supply in I j ig c  Cities.” pp. 398-99.
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1 he R ic d le r-S tu m p f tu rb in e  p ro d u c e d  2 ,000  h .p ., bu t AFX', dec id ed  that 
la rg e r  m odels  w ould  have stability  p ro b lem s a n d  be proh ib itive ly  expensive  
to  install, so it a b a n d o n e d  th e  design .

A EG  th e n  m ad e  an  a g re e m e n t w ith th e  G en e ra l E lectric C o m p an y  o( 
A m erica  to  use th e  C u rtis  d e sign  tha t G E  h ad  d ev e lo p ed  a n d  p a ten ted . 
T h e  m a n u fa c tu re rs  also ag re e d  to  e x ch an g e  d e v e lo p m en t an d  o p e ra tio n a l 
ex p e r ie n c e  as they  w orked  on  th e  tu rb in e . F rom  1904 un til 1917 all BF.W 
tu rb in e s  ex cep t o n e  w ere o f  th e  C u rtis  type. T h e  ex cep tio n  a ro se  w hen 
AEG  was u n ab le  to  su p p ly  w ith in  a sh o rt tim e a C u rtis  tu rb in e  w hen BF.YVs 
load d e m a n d  su d d en ly  in creased  sh a rp ly  in 1905. T h e  u tility  th e re fo re  
p laced  a B row n-B overi-bu ill 1’a rso n s  type  o f  tu rb in e  o f  5 .800-kw . capacity  
in to  o p e ra tio n  at O b e rsp re e . M ore tu rb in e s  w ere insta lled  at O b e rsp re e , 
b u t B E W ’s first a ll- tu rb in e  s ta tio n — a sta tion  co m p arab le  to  th e  Fisk S treet 
s ta tion  o p e n e d  in 1903 in C hicago— was R u m m elsb u rg , w hich b eg an  o p 
e ra tin g  in N o v em b er 1907 with a 13,500-kw. capacity . F u r th e r  ev idence  
th a t th e  p ost-E d ison  e ra  h ad  a rr iv e d  was th e  com p le te  co n v ersio n , in the  
sam e year, o f  th e  o rig in a l M ark g ra fen s tra sse  d ire c t-c u rre n t sta tion  to  a 
su b s ta tio n .37

By th e  eve o f  W orld  W ar I— a n d  th e  tak eo v e r o f  th e  u tility  by B erlin  in 
1915— BEW  h ad  acq u ired  salien t ch arac te ris tics  th a t d e f in e  lead in g  u rb a n  
system s even  today . Its su p p ly  a re a  sp re a d  b eyond  th e  5 -k ilo m eter rad iu s  
o f  o ld  B erlin  o u t to  th e  30 -k ilo m e te r rad iu s  specified  in th e  1899 co n trac t. 
D raw ing  heavily  on  th e  O b e rsp re e  p lan t, BEW  su p p lied  abou t a h u n d re d  
sm all d is tric ts , o r  local a u th o ritie s , m ostly  to  th e  east, so u th , a n d  n o rth  o f 
B erlin  (see Fig. V II. 13). T h is  su b u rb a n  reg ion  h ad  a p o p u la tio n  o f  abou t 
2.5 m illion (c o m p a re d  to  th e  2 m illion  w ithin o ld B erlin ). By 1915 BFW  
h ad  tw o o th e r  p o ly p h ase  p lan ts  (M oabit a n d  R u m m elsb u rg ) a n d  th ree  
in ner-c ity  p lan ts  (M au e rstra sse , S p a n d a u e r , a n d  S ch iffb au e rd am m ). These 
six p lan ts  h ad  a co m b in ed  capacity  o f  155,000 kw. T h e re  w ere tw en ty -fou r 
su b sta tio n s (tw elve w ith in  th e  city) fo r th e  conversion  o f  p o lyphase  c u r re n t 
to  d ire c t c u r r e n t  a n d  fo r  tra n s fo rm a tio n  o f  voltage. T ran sm issio n  a n d  
d is trib u tio n  cab le  e x te n d e d  7.740  k ilom eters. W ith in  th e  city, g en e ra l d is 
tr ib u tio n  was a lm ost en tire ly  440/220-volt d irec t c u r re n t fo r th e  ligh ting  
an d  sm all-pow er c o n su m ers. Also available in th is a rea  w ere 550-600-volt 
d irec t c u r re n t  fo r  trac tio n  a n d  6-kv. p o lyphase  c u r re n t fo r heavy s ta tiona i y- 
p o w er users. A fte r  1904 th e  level o f  transm ission  voltage w-as ra ised . O b 
e rsp re e  a n d  M oabit su p p lied  d is tan t substa tions with 10-kv. transm ission , 
a n d  in 1911 BEW  p io n e e re d  on  th e  C o n tin en t by co n s tru c tin g  a 30-kv. 
r in g  supp ly  fo r B e rlin ’s n o r th e rn  a n d  so u th e rn  su b u rb s. 'T he in crease in 
vo ltage necessita ted  th e  in tro d u c tio n  o f  o il-cooled sw itches in to  th e  sys
tem .38

G eo rg  K lingcnberg , th e  en g in e e r in g  head  o f  A E C ’s p ow er p lan t design  
a n d  co n s tru c tio n  d iv ision , an  en g in e e r  o r  in te rn a tio n a l re p u ta tio n  a n d  a u 
th o r  o f  d efin itiv e  w orks on  p o w er-p lan t design  and  o p e ra tio n , d escribed  
a n d  analyzed  BEW  a ro u n d  1 9 I3 .3” C o m p arin g  th e  B erlin  utility  with those 
in C h icago  a n d  L o n d o n , he ro u n d  th a t th e  cap ita l cost o f  th e  pow er s ta tions

”  Matschoss et ul.. 50 Jahre, pp. 133—D. 218-19.
“ Ibid., pp. 43. 165-70.
“  Klingenberg, "Electricity Supply in Large Cities,” pp. 398 -401.
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a n d  th e  cap ita l cost o f  th e  d is trib u tio n  system  p e r  in sta lled  kilow att w ere 
lowest in B erlin . B e rlin ’s p e r-cap ita  co n su m p tio n  o f  c u r r e n t  was h ig h e r  
th a n  L o n d o n ’s a n d  low er th a n  C hicago 's , b u t th e  co m p ariso n  d id  n o t take 
in to  a cco u n t block  a n d  iso lated  s ta tions, o f  w hich  th e re  w ere  an  u n u sua lly  
la rg e  n u m b e r  in B erlin . K lin g e n b e rg  also n o te d  th a t B erlin  h a d  th e  m ost 
evenly  ba lan ced  ligh tin g , tra c tio n , a n d  s ta tio n a ry -m o to r  loads. B e rlin ’s load  
fac to r, th e  h igh ly  s ign ifican t in d ica to r , was h ig h e r  th a n  L o n d o n ’s a n d  low er 
th a n  C h icag o ’s. E x am in in g  th e  cost cha rac te ris tic s  o f  th e  th re e  system s, 
K lin g en b e rg  o b se rv ed  th a t th e  B erlin  u tility 's o p e ra tin g  costs w ere the  
low est, a n d  h e  c o n c lu d e d  th a t th is re su lte d  fro m  low er w ages a n d  low er 
fuel co n su m p tio n  p e r  k ilo w a tt-h o u r  o f  o u tp u t.  E conom y in th e  co n su m p 
tion  o f  coal was c o u n te rb a la n c e d , h ow ever, by th e  h ig h e r  p rice  o f  coal in 
B erlin  c o m p a re d  to  C h icag o  a n d  L o n d o n . T h e  to tal cost p e r  k ilow att-hou r, 
th e n , was h ig h e r  in B erlin  th a n  in C h icago . N ot on ly  was th e  p rice  o f  coal 
h ig h e r  th e re , b u t th e  B erlin  g o v e rn m e n t took  a la rg e  sh a re  o f  B EW ’s 
rev en u es. (See Fig. IX .9, p. 258  below , fo r  a d e ta ile d  co m p ariso n  o f  th e  
th re e  c ities’ u tilities.)

In view o l th e  la rg e  re v e n u e s  th e  city d e r iv e d  fro m  BEW , som e c o n te m 
p o ra r ie s  e x p re sse d  su rp r is e  th a t B erlin  w ou ld  se riously  co n s id e r  exerc ising  
its c o n tra c tu a l l ig h t  to  tak e  o v e r  BEW  in 1915. T h e  Social D em ocra ts  in 
th e  co m m o n  counc il ad v o ca ted  m un ic ip a l o w n e rsh ip  fo r  ideo logical as well 
as eco n o m ic  rea so n s. T h e  utility  co u ld  be m o re  easily d ire c te d  to w ard  the  
fu lfillm en t o f  v a rio u s social ob jectives if  it was ow n ed  a n d  o p e ra te d  by the  
city, they  a rg u e d .  R ates, fo r  e x am p le , co u ld  be a d ju s te d  to  favo r low er- 
incom e g ro u p s . In  ad d itio n , th e  socialists a rg u e d ,  p ro fits  tak en  by the
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Figure VII.14. Georg Klingenberg, an 
AEG engineer noted for central-statwn 

designs. Courtesy of Berliner Kraft-und 
Litht AG (formerly BEW).

priv a te  ow ners , especially  A EG , sh o u ld  com e to  th e  city. By 1915, those 
w ho fav o red  th e  ta k eo v e r believed  th a t since th e  p e rio d  o f  h igh  financial 
risk h ad  passed , it was a p p ro p r ia te  fo r th e  u tility  to  be g o v e rn m e n t ow ned  
a n d  m a n a g e d , as w ere  o th e r ,  o ld e r  u tilities such  as gas. T h e y  also believed 
th a t full g o v e rn m e n t c o n tro l o f  th e  c ity’s e lectric  p o w er su p p ly  w ould  bring  
inc rea sed  co n tro l o f  th e  city 's in d u s tr ia l d ev e lo p m en t.

E m p o w ered  by co n tra c t to  p u rc h a se  th e  u tility  in O c to b e r 1915 if  notice 
o f  in te n t was given  tw o years in advance , th e  city b egan  n eg o tia tin g  wiih 
BEW  in 1911 th e  q u estio n  o f  e x te n d in g  th e  co n trac t o r  p u rc h a s in g  the 
utility . T h e  p rin c ip a l p o in ts  at issue w ere ra tes  an d  th e  re la tio n sh ip  betw een  
BEW  a n d  AEG . T h e  city w an ted  low er ra tes  (fo r w hich th e re  was p re c e d e n t 
in G e rm an y ) a n d  less AEG  in fluence . H aving  low ered  its ra tes  consisten tly  
ov er th e  past th irty  years, BEW  a rg u e d  th a t f u r th e r  re d u c tio n  was im p o s
sible un less costs w ere substan tia lly  low ered . If, BEW  insisted , th e  city 
a llow ed it to  take  ad v a n ta g e  o f  adv an ced  transm ission  a n d  g e n e ra tio n  te c h 
nology  by c o n s tru c tin g  a la rge  m in e -m o u th  p ow er p lan t at th e  B ittc rfe ld  
lign ite  fie lds alm ost e igh ty  m iles from  B erlin , low er costs w ould  follow.

T h e  im peria l G e rm a n  g o v e rn m e n t, how ever, f ru s tra te d  BEW 's p lans fo r 
a B itte rfe ld  po w er p lan t. It seized th e  lign ite  dep o sits  to  explo it th em  fo r 
c ritical w artim e  n eed s  a n d  th e n , in 1916, su p p o r te d  th e  co n s tru c tio n  o f  th e  
G o lpa-Z schornew itz  p o w er p lan t th e re  (see pp . 2 8 8 -8 9  below). D eprived  
o f  th e  co s t- red u c in g  techno logy , BEW  ag re e d  on ly  to  an  ex ten s io n  o f  the  
ex is tin g  fran ch ise— a n d  th e  ex is ting  o r  slightly  m o d ified  ra te  s tru c tu re  for 
th e  n ex t six years. Led by an  Oberbiirgermeisler w ho favo red  m u n ic ipa l o w n 
ersh ip , a Sladtverordnetenversammlung  d o m in a te d  by socialists an d  th e ir  allies, 
a n d  a Magistral th a t h ad  com e to ag re e  w ith th e  co m m o n  council, tlu* city 
th en  p u rc h a se d  th e  B e rlin e r  E lek tric ita ts-W erke  a n d  took  o v e r m an ag e 
m en t o f  th e  u tility  in O c to b e r  1915.

Like th e  g en e ra l co n tra c tu a l a r ra n g e m e n ts  betw een  th e  city a n d  th e  u til
ity, th e  specific  p rov is ions fo r p u rc h a se  w ere com plex  a n d  ingen ious. Be
fo re  th e  re n e g o tia tio n  o f  th e  c o n trac t in 1899, th e  city h ad  h ad  th e  righ t 
lo  p u rc h a se  BEW  at th e  tax value d e te rm in e d  by two ex p e rts , o n e  a p p o in te d  
by th e  city a n d  th e  o th e r  n am ed  by th e  utility . T h e y  w ere to  “a p p ra ise  the  
p ro p e rtie s  as an  in te rd e p e n d e n t w hole acco rd in g  to com m erc ia l p r in c i
p les.”40 In  1899, th e  p a rtie s  h ad  ag re e d  th a t th e  p lan t an d  real esta te  w ould 
in stead  be p u rc h a se d  a cco rd in g  lo  book  value. S u b sequen t analysis show ed 
th a t th e  book  value (orig inal cost) o f  th e  u tility ’s real e s ta te  was 4 ,195 ,000  
m arks low er th a n  th e  a p p ra ise d  value in 1915, b u t th a t th e  book value o f  
th e  p lan t was 1,700 ,000  m arks h ig h e r  th an  th e  a p p ra ised  value in 1915. 
T h e  book-va lue  p u rc h a se  price  o f  p lan t a n d  real e s ta te  in 1915 was, th e re 
fo re , 2 ,495 ,000  m ark s low er th an  th e  ap p ra ised  value. T h e  city council 
vo ted lo  p u rc h a se  BEW  for 130 m illion m arks; the  exact sale price  was
132,400 ,000  m ark s .41

J u d g in g  by its unw illingness lo  n ego tia te  pu rp o se fu lly  a f te r  th e  co llapse 
o f  th e  m in e -m o u lh  po w er-p lan t p roposa l, AEG m ay not have been  re lu c tan t 
lo  sell BEW  in 1915. T h e  sale p rov ided  AEG with substan tia l cap ita l fo r 
new  investm en ts; m o reo v er, th e  years o f  BEW  o w n ersh ip  had  b ro u g h t

’"Brook*. “Berlin Electric Works," p. 192.
”  Ibitl., pp. 188, 193; Matsclm** el al.. JO Jahre. p. 223.
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“c|uite accep tab le  d iv id e n d s  to  sh a re h o ld e rs "  a n d  h ad  p ro v ed  “a veritab le  
go ld  m in e  to  th e  h o ld in g  co m p an y  (A EG )."'12

In  A m erica , u tility  m an ag e rs , w ho o f te n  fo u n d  them selves in an  a d v e r
sary . even  hostile , re la tio n sh ip  w ith g o v e rn m e n t, m ay have b een  su rp r ise d  
to  le a rn  th a t le ad in g  ex ecu tiv es  f ro m  th e  p riv a te  G e rm a n  co m p an y  w ere 
tak in g  jo b s  in th e  m un ic ip a lly  ow n ed  p lan t. T h e  new ly n am ed  Stad tische 
E lek triz ila ts-W erk e  B erlin  (S lEW ) was d e te rm in e d  to  have th e  best m a n 
age ria l a n d  techn ica l ta len t availab le  a n d  was w illing “to  pay  acco rd in g ly .’"1'’ 
M em b ers  o f  th e  Vorstand  (“execu tiv e  com m ittee" ) w ere to  receive a g u a r 
an te e d  salary  o f  15,000 m ark s  as well as in c re m e n t a c co rd in g  lo  ne t incom e, 
so lo n g  as th e  to ta l d id  n o t ex ceed  39 ,0 0 0  m arks. D r. H e rm a n  Passavant 
f ro m  B E W ’s Vorstand  becam e  a m e m b e r o f  S lE W ’s Vorstand. G ustav  W ilkens, 
w ho h ad  b een  a d e p u ty  m e m b e r  o f  th e  o ld  Vorstand, h e ld  th e  sam e position  
in th e  new  c o m m ittee . E m ar W ik a n d e r , a m a n a g e r  a t BEW , becam e a 
m e m b e r o f  S lE W ’s Vorstand  a n d  techn ica l d ire c to r  o f  th e  p lan t.’1'1 O n  18 
A pril 1915 th e  B erlin  co m m o n  counc il vo ted  to  p u rc h a se  BEW , a n d  on  1 
O c to b e r  1915 th e  u tility  passed  in to  new  o w n ersh ip . Em il R a th en au  d ied  
o n  20  J u n e  o f  th a t year.

17 Brooks, "Berlin F.lrnrii Wot In," pp. 190, 191-92. 
n  Ibid.. p. 193.
"  Miilichoss PI al.. 50 Ialirr, pp. 14, 95
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Chicago: The 
Dominance 
of Technology

THE early  h is to ry  o f  m any  utilities is to ld  in te rm s  o f  collective e n te rp r is e  
a n d  o rg a n iz a tio n . In  th o se  in stances, no  in d iv id u a l serves well as th e  

focus o r  c e n te r  a b o u t w hich to  s tru c tu re  such  an  accoun t. C h icago , how ever, 
o ffe rs  an  e x cep tio n . T h e  h is to ry  o f  th e  C o m m o n w ea lth  Edison  C o m p an y , 
th e  u tility  th a t cam e to  d o m in a te  e lectric  su p p ly  in “th e  w indy city ," can  he 
o rg an ized  m ost e ffectively  a ro u n d  th e  p e rso n  o f  S am uel In su ll (1 8 5 9 -  
1938). P re se n tin g  th e  h is to ry  o f  e lectric  su p p ly  in C h icago  in th is m a n n e r  
d oes n o t m ean  th a t In su ll was a g re a t m an  w hose ac tions m ad e  h isto ry ; it 
m eans th a t he  was th e  p ivo tal f ig u re  d u r in g  fo u r  d ecad es o f th e  co m p an y 's  
h istory . A look at th e  e lec tric  su p p ly  in d u s try  in C h icago  th ro u g h  his eyes 
p rov ides  an  en co m p ass in g  view. F u r th e rm o re , Insu ll was a m as te r  o f  p ublic 
re la tions, a n d  his speeches, ad d re sse s , a n d  p a p e rs  a re  in fo rm e d  sou rces o f  
th e  c o m p an y 's  h isto ry .

By W orld  W ar I, C h icag o  was a c re a tu re  o f  th e  in d u s tria l age, in co n tra s t 
to  B erlin  a n d  L o n d o n , th e  tw o cities w ith which it will be co m p a re d . B erlin 's  
long  h is to ry  as a cap ita l city, as well as th e  s tro n g  P russian  trad itio n s , set 
th e  s tage fo r  th e  re m a rk a b le  tran s itio n  th e  city u n d e rw e n t d u r in g  th e  pe rio d  
o f  rap id  in d u s tria liza tio n  in C e rm an y . L o n d o n  b o re  th e  m arks o f  m o d e rn  
in d u stria l in flu en ces, b u t its sh ap e  a n d  su bstance  re flec ted  a long  p re in 
d u s tria l e x p e rien ce . C h icago , how ever, was p liab le a n d  o p en  to  in fluences, 
a n d  so t r a n sp o r ta tio n , in d u s try , a n d  e lectric  pow er, th e  p rim ary  c o m p o 
n en ts  o f  in d u s tria liz a tio n , in te rac ted  a n d  d ev e lo p ed  th e re  re latively free  o f  
conservative, o r  tra d itio n a l, co n stra in ts . T h e  e lectric  su p p ly  in d u s try  in 
C h icago  d id  n o t face th e  cha llenges posed  by th e  forces o f  paroch ia lism  in 
L o n d o n  o r  th e  s trong -w illed , ra tio n a l g o v e rn m e n t o f  B erlin .

R ailroads s tim u la ted  th e  first g re a t wave o f  physical, econom ic, a n d  social 
g row th  in C hicago . By 1905, ab o u t 14 p e rcen t o f  th e  w orld 's railw ay m ileage 
passed  th ro u g h  C hicago , a n d  th e  city was th e  acknow ledged  railw ay c e n te r  
o f  th e  U n ited  S tates. T h e  M idw est, th e  n a tion 's  g rea t ag r icu ltu ra l reg ion , 
t ra n sp o r te d  its g oods by ra ilro ad  a n d  by Lake M ichigan from  C h icago  to 
th e  o th e r  g re a t cities o f  th e  U n ited  States, a n d  from  th e ir  p o rts  to m any 
o th e r  p a rts  o f  th e  w orld. M ovem ent w ithin th e  city was facilita ted  by an 
eleva ted  railw ay a n d  by s tree tca rs , an  ex tensive system  that was largely 
e lec trified  b e fo re  W orld  W ar I. M any o f  C hicago 's citizens, how ever, con-
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sid e rc d  th e  system  in a d e q u a te  a n d  its m a n a g e m e n t r id d le d  with co rru p tio n , 
an d  th is a t t i tu d e  led to  m any  re fo rm  e ffo rts , in c lu d in g  en d eav o rs  to  es
tab lish  m u n ic ip a l r a th e r  th a n  p r iv a te  o w n e rsh ip  o f  th e  t ra n sp o rta tio n  n e t
w ork . T h u s  C o m m o n w ea lth  E dison  b ecam e d eep ly  involved  in politics as 
it so u g h t to  p o w er th e  system .

T h e  increase  in C h icag o ’s p o p u la tio n  at th e  e n d  o f  th e  n in e te e n th  cen tu ry  
was im pressive , even  by th e  e lev a ted  s ta n d a rd s  o f  u rb a n  g ro w th  in the  
U n ited  S lates. F rom  1890 to  1910, th e  fo rm a tiv e  y ears o f  th e  electric  light 
an d  p o w er in d u s try , C h icag o ’s p o p u la tio n  in c rea sed  by 599 ,000 ; th e  g row th  
d u r in g  th e se  tw o d e c a d e s  was th e  la rg est in th e  city’s h isto ry . T h e  value o f 
p ro d u c ts  m a n u fa c tu re d  in C h icag o  in th e  first d ec a d e  o f  th e  tw en tie th  
c e n tu ry  was seco n d  o n ly  to  th e  va lue  o f  p ro d u c ts  m ad e  in New Y ork City. 
S la u g h te r in g  a n d  m ea t p ack in g  was th e  city 's le ad in g  in d u s try , b u t fo u n 
d rie s , m ach in e  sh o p s, a n d  o th e r  p ro d u c e rs  o f  iro n  a n d  steel p ro d u c ts  o p 
e ra te d  o n  a la rg e  scale a n d  w ere  n u m e ro u s . T h e r e  w ere  co un tless  o p p o r 
tu n itie s  fo r  a utility  seek in g  to  e lec trify  in d u s tr ia l o p e ra tio n s  a n d  to  inc lude  

Figure Samuel insult. 1895. t |1eni jn  a Sy S tem  Gf  c e n ira l-s ta iio n  service.
(.ourtesy of Commonwealth Edison Co.. , r  i re- • r

Chicago, ill. U nlike  B erlin , C h icag o  was n o t kno w n  fo r  th e  effic iency  a n d  h o nesty  o f 
its g o v e rn m e n t. B u t venal, pliab le  po litic ians a n d  ill-d efin ed  political in sti
tu tio n s  d id  n o t au to m atica lly  f ru s tra te  th e  g ro w th  o f  pub lic  e lec tric  supp ly . 
In  th e  first d e c a d e  o f  th is c e n tu ry , C h icag o  was su b su m e d  u n d e r  th e  a n 
tiq u a te d  g e n e ra l c h a r te r  o f  th e  sta te  o f  Illino is, a c h a r te r  th e  city h ad  
accep ted  in 1875. S u b seq u en tly , th e  city g rew  d ram a tica lly  a n d  faced  new 
p ro b lem s to  w hich th e  c h a r ie r  d id  n o t speak . A city council a n d  m ayor 
sh a re d  p o w er, b u t th e ir  in f lu e n c e  a n d  e ffec tiv en ess  w ere  h a m p e re d  by th e  
co n flic tin g  a n d  co n tra d ic to ry  po w ers  still ex e rc ised  by s ta te  a n d  co un ty  
au th o rit ie s  a n d  by th e  su rv iv in g  au to n o m y  o f  to w n sh ip s  th a t h ad  been  
a b so rb ed  by th e  city in its g ro w th . T h e  p o w er o f  th e  city to  lax was co n 
s tra in e d  by sla te  law, a n d  city serv ices su f fe re d . M ajo r ex cep tio n s  w ere  th e  
w a te r-su p p ly  system  a n d  th e  g re a t d ra in a g e  cana l, w hich h ad  b een  c o n 
stru c te d  b e tw een  1892 a n d  1900 to  p ro v id e  fo r sew age d isposa l w ithou t 
po llu tio n  o f  L ake M ichigan . O n  th e  o th e r  h a n d , th e  tra n s it system , th o u g h  
co n so lid a ted  a n d  e lec trified , was in th e  h a n d s  o r  p r iv a te  o w n ers  a n d  subject 
to  (he in f lu e n c e  o f  c o r ru p tib le  po litic ians. T h e  city h ad  e rec ted  an  electric- 
lig h tin g  p la n t in 1887, b u t by 1900 th e  e lec tric  su p p ly  system  also was fo r 
th e  m ost p a r t  p riva te ly  ow ned .

In  1892, b lu ste ry , v ig o ro u s C h icago  b ecam e th e  h o m e  o f  S am uel Insu ll, 
a m a n a g e r•-e n tre p re n e u r  o f  in c o m p a ra b le  v ita lity .' W hen  Insu ll left the  
new ly fo rm e d  G en e ra l E lectric  C o m p an y  to  a ssu m e  th e  p resid en cy  o f  th e  
C h icago  E dison  C o m p an y  (a f te r  1907 th e  C o m m o n w ea lth  Edison  C o m 
pany), he  gave lip  th e  v ice-p residency  o f  a $50  m illion c o rp o ra tio n  to  
becom e th e  h ead  o f  an  $ 8 8 5 ,0 0 0  o ne . H e  also left th e  electrical m a n u fa c 
tu r in g  business to  e n te r  th e  utilities fie ld . In su ll h ad  re c o m m e n d e d  h im se lf 
fo r th e  new  position  a l te r  b e in g  asked  by th e  C h icago  co n ce rn  fo r su g 
gestions. H e  h ad  rea lized  tha t G en e ra l E lectric, th e  co m p an y  fo rm e d  from  
th e  m e rg e r  o f  E dison  G en e ra l E lectric, in w hich he h ad  p layed  such  a

T his acroum  ol Insult and Com monwealth F.dison is drawn in pari from Thom as P. 
Hughes, "T he Flcrl i iflcalion of Amerira: T he System Builders." Technology and Culture 20 
(197!)): 124-til
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p ro m in e n t ro le  as h ead  o f  sales a n d  m a n u fa c tu r in g . a n d  T h o m so n -ilo u s -  
ton , th e  co m p an y  led by th e  im pressive C h a rle s  Co Min, w ould be d o m in a ted  
by T h o m so n -H o u s io n  m e n .2 Insu ll, w ho was th irty -tw o  years o ld . accus
to m ed  to  exerc is ing  au th o rity , a n d  in sp ired  by E dison 's d riv e  to  create- and  
co n s tru c t, was read y  to  bu ild  his own system .

C h icago  E dison 's accep tan ce  o f  In s tills  n o m in a tio n  is easily u n d e rs to o d , 
fo r In su ll, d e sp ite  his y ou th , h ad  an  im pressive re p u ta tio n  in th e  elecirii 
ligh ting  Held. In 1880 he h ad  e m ig ra ted  from  E n g lan d  to  A m erica  it 
becom e E d iso n ’s p e rso n a l secre ta ry . E dison 's initial im p ressio n  o f  h im  was 
not positive— Insull was y oung , w eighed  I 17 p o u n d s , a n d  h ad  been  seasick 
fo r e igh t successive days. Soon , how ever, Edison  u n d e rs to o d  why Edw ard  
II. Jo h n so n  h ad  re c o m m e n d e d  th e  yo u n g  m an  w ho h ad  w orked  as private  
secre ta ry  fo r E d ison 's L o n d o n  re p re sen ta tiv e : Insu ll was know ledgeable , 
in te lligen t, am b itio u s, a n d  bold . O n ly  h o u rs  a f te r  m ee tin g  E dison , Insull 
su g g ested  a way to  ra ise th e  ad d itio n a l $150 ,000  n e e d e d  to  estab lish  co m 
p an ies  to  m a n u fa c tu re  c o m p o n e n ts  fo r th e  e lectric  lig h tin g  system  being 
built at the  Pearl S treet station and  soon to lie erec ted  elsew here in A m erica.''

Insu ll was o f  g re a t value to  E d ison , bu t E d iso n ’s in flu en ce  on  Insu ll was 
o f  g re a te r  co n seq u en ce . B etw een  1880 a n d  1892, Insu ll was th e  in v en to r 's  
sec re ta ry  an d  p e rso n a l re p re se n ta tiv e  a n d  th en  becam e m a n a g e r  ol the 
E dison G en e ra l E lectric  p lan t at S chenec tady . T h e se  w ere fo rm a tiv e  years 
fo r th e  electric  ligh t a n d  p o w er in d u s try  a n d  fo r Insull. H e was in at th e  
s ta rt w hen  E dison  p re s id e d  ov e r th e  co n s tru c tio n  a n d  early  o p e ra tio n  o f 
New Y o rk ’s P earl S tree t s ta tio n ; he  took  p a r t in th e  e stab lishm en t o f  the  
m a n u fa c tu r in g  facilities tha t u ltim ately  becam e G en e ra l E lectric; he p a r 
tic ipa ted  in n u m e ro u s  co n fe ren ces  involv ing  inven to rs , e n g in ee rs , e n t r e 
p re n e u rs , m echan ics , f in an c ie rs , m an ag e rs , e lectric ians, a n d  o th e rs  who 
sh ap ed  th e  early  h is to ry  o f  th e  electrical in d u stry , b o th  utility  an d  m a n u 
fac tu rin g . In  sh o rt ,  he  s tu d ied  in th e  Edison  school, a b so rb in g  its c reative, 
p rob lem -so lv ing , inclusive, system atic, innovative, a n d  expansion is t a p 
p ro ach . H e  knew  its g ra d u a te s , w ho sp re a d  fa r a n d  w ide to take part in 
th e  g ro w th  o f  th e  in d u s try . F u r th e rm o re , as a lead ing  m em b er o f  th e  school, 
Insu ll was very close to  th e  m aste r. Insu ll la te r said: “(E dison) g ro u n d e d  
m e in th e  fu n d a m e n ta ls . . . .  no  o n e  cou ld  have had  a m o re  c o n s id e ra te  
a n d  fasc ina ting  teach e r. Insu ll n ev e r  tired  o f  c h a rac te riz in g  E dison as the  
g rea te s t m an  he h ad  ev e r know n a n d  th e  o n e  w ho had  th e  s trongest in 
f luence  on  his c h a rac te r.

Y ears la te r, in 1934, w hen  S am uel Insu ll w ent on  trial fo r u sing  (he mails 
to  d e f ra u d  in co n n ec tio n  with his b a n k ru p t ho ld in g  com pany , his d e fen se  
was essen tia lly  th a t he , like E dison , was a crea tive  m an a n d  o ne  g reatly  
in te re s ted  in m a n ag in g  p ro d u c tiv e  techno logy ; he d e n ie d  that he was a 
p re d a to ry  ho ld in g -co m p an y  tycoon. His son , S am uel Insu ll, Jr., recalls that 
a f te r  th e  g o v e rn m en t p ro se c u to r  h ea rd  the  d e fen se , he said privately  to

* Forrest McDonald, /run// (Chicago: University of Chicago I’rcss. MHi’2), pp. f>0-.r>'2.
’ Burton Y. Berry, "Mr. Samuel Insull" (typescript), pp. 33-34, Samuel Instill Papers. Loyola 

University, Chicago, III. These papers were used try kind permission ol' Samuel Instill, 11.. 
and are hereafter ciled as Instill Papers. I would like to thank Janet lla lder lot her help m 
sorting through the collection.

‘ Samuel Insull, "Memoirs of Samuel Instill" (typescript written in I‘l34-3.r»), p 37, Instill 
Papers.
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th e  son , “Say, you fellow s w ere  leg itim ate  b u s in essm en ."5 S am uel Insu ll 
was a cq u itted , b u t he  was e x h a u s te d ; th e  im m en se  system  o f  u tilities he 
h ad  bu ilt u p  lay f ra c tu re d ,  n e v e r  lo  be in his h an d s  ag a in . H isto ry  has no t 
d e a lt g e n e ro u s ly  w ith In su lt; th e  d isa s tro u s  c lim ax  o f  his c a re e r  b u rn e d  
itse lf  in to  th e  p ub lic 's  m em o ry . F o r n e w sp a p e rm e n , politic ians, a n d  fo rm e r  
c o m p e tito rs , in su ll was a D ep ress io n  scap eg o a t; th e  d ecad es  o f  com plex  
sy stem -b u ild in g  w ere  e a s ie r to  ig n o re  o r  fo rg e t— th ey  involved  d ifficu lt 
con cep ts , eso te ric  te ch n o lo g y , u n c o m m o n  econom ics, a n d  so p h is tica ted  
m a n a g e m e n t.

T h e  c re a tio n  o f  an  a ll-em b rac in g  system  o f  e lec tric  lig h t a n d  po w er fo r 
C h icag o  was In su ll’s p r im e  ob jective fo r a lm o st tw o decad es. In  th e  e n d  he 
re a c h e d  o u t b e y o n d  th e  city a n d  in te rc o n n e c te d  th e  C h icag o  system  with 
su b u rb a n  co m p an ie s  a n d  th e n  lin k ed  th ese  w ith n e ig h b o rin g  m un ic ipa lities. 
T h e  scope  o f  th e  system  becam e  reg io n a l. T h e  h is to ry  o f  th e  Public Service 
C o rp o ra tio n  o f  Illino is (a re g io n a l system ) a n d  o f  In su ll’s M idd le  W est 
U tilities C o m p a n y  (a h o ld in g  co m p an y  on  a n a tio n a l scale) a re  im p o rta n t 
c h a p te rs  in  th e  life o f  In su ll a n d  th e  h is to ry  o f  e lec tric  ligh t a n d  p o w er.6 
An a cco u n t o f  th e  C h icag o  system  a lo n e , h ow ever, reveals th e  p ow erfu l 
an d  e ffec tiv e  c o n c e p tu a l syn thesis  o f  te ch n o lo g y  a n d  econom ics th a t g u id ed  
In su ll a n d  his associates as th ey  k n it to g e th e r  a n d  m a n a g e d  th e  C h icago  
system — co n s id e re d  by m any  as early  as 1910 to  be  th e  w o rld ’s g rea te st.

W h en  In su ll a rr iv e d , th e  C h icag o  E d ison  C o m p a n y  was b u t o n e  o f  m o re  
th a n  tw en ty  sm all e lec tric -lig h tin g  utilities. W ith in  tw o d ecad es , In su ll a n d  
his associates h a d  c re a te d  a m o n o p o lis tic , m a ss-p ro d u c in g , technologically  
effic ien t, a n d  econom ica lly  o p e ra te d  c o m p a n y  fo r  all o f  C h icag o .7 Insu ll 
becam e  a sp o k esm en  fo r  th e  u tilities in d u s try , a n d  h is co m p an y  was a 
pa c e se tte r  in bo th  tech n o lo g ica l a n d  m a n a g e m e n t policy. (See Fig. V II I .2.) 
T h e  system  a n d  th e  way in w hich it was c re a te d  becam e m odels  fo r  o th e r  
u rb a n  utilities. F o r  th e  h is to r ia n , it was b o th  th e  lead in g  ed g e  a n d  a r e p 
re sen ta tiv e  case o f  th e  waves o f  d e v e lo p m e n t th a t fo llow ed.

U n d e r  In su lt 's  d ire c tio n , his co m p an y  look  th e  lead  a m o n g  utilities in 
te chno log ica l in n o v a tio n . T h e  g ro w th  o f  th e  C h icag o  system  c a n n o t be 
e x p la in e d  w ith o u t tak in g  in to  acco u n t th is  tech n o lo g ica l c o m p o n e n t. N ei
th e r , h o w ev e r, can  th e  ev o lu tio n  o f  th e  system  be e x p la in e d  w ith o u t c o n 
sid e r in g  th e  po litical s itu a tio n  in C h icag o  a n d  th e  s ta te  o f  Illinois a n d  the  
ro le  In su ll p lay ed  in th is p a r tic u la r  scene . In su ll d id  n o t sim ply  m a n ip u la te  
po litic ians a n d  political fo rces; th e  e n tire  s itu a tio n  was rip e  fo r  m a n ip u 
la tion . A t a b o u t th e  sam e lim e , a n o th e r  e n tr e p r e n e u r  o f  e lectrical supp ly , 
C h a rle s  M erz, fo u n d  L o n d o n  to  be a rem a rk a b ly  d if fe re n t p ro b lem  (see 
pp . 2 4 9 -5 4  b e lo w ).T h e  d e v e lo p m e n ts  in L o n d o n  a n d  C h icago  d irec t a t
te n tio n  n o t on ly  to  th e  two m en  b u t to  th e ir  s itu a tio n s.

In su ll, o f  C h icag o  E d ison , a n d  M erz, o f  th e  N ew castle  u p o n  T y n e  Electric

* McDonald. Inutll, p. 331.
0 Historical sketches of the Middle West Utilities Co. can be found in the company's annual 

reports on file in the Insull Papers (see especially "Report . . .  for the Fiscal Year Ending 
December 31, 1926"). See also "Presentation of Public Service Com pany o f N orthern Illinois 
in Com petition Tor the Charles A. Coffin Prize Award April 1st 1924," Insull Papers.

71-1. A. Seymour. "History of Com monwealth Edison Com pany." (typescript completed in 
1935), p. 200, Com monwealth Edison Co. Archives. Chicago. III. I am grateful to Helen P. 
Thom pson, librarian, for help in using the archives and the library.
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Figure V lll.2 . Prominent electrical industry executives, 1897: Samuel Insult (second row, cighlh from left): John Knirsi. General F.lcctnc Co 
(second row, third from left); Charles Batchelor (second row, seventh from left): Louts Ferguson, Chicago Edison Co. (second row, ninth 
from left); J. W. Lieb. Edison Electric Illuminating Co . N  Y. (third row, third from left): and T  C Martin, editor of Electrical World (fourth 
row, seventh from left). From the author's private collection.

S u p p ly  C o m p an y , w ere goo d  frien d s  a n d  p ro fessiona l associates. Both 
d isp layed  an  im pressive  d riv e  to  bu ild  system s. B oth , like E dison , w ere 
hed g eh o g s. W ith in  th e  sp e c tru m  o f  e n tre p re n e u r ia l  ta len ts e x te n d in g  from  
e n g in e e r in g  to  m a n a g e m e n t, M erz w ould  be p laced  tow ard  th e  e n g in ee r in g  
e n d , b u t th e  ab ilities o f  b o th  m en  ra n g e d  fro m  en g in e e r in g  to  m an ag em en t 
a n d  to  politics a n d  finance  as well. Yet M erz was f ru s tra te d  by political 
p ow er in his e ffo r ts  to  b r in g  a u n ified  electrical system  to L o n d o n , w hile 
Insu ll used  politics to  c rea te  a system  in C h icago  th a t th e  u tilities w orld 
envied .

In  L o n d o n  d u r in g  th e  decad es b e fo re  W orld  W ar I, M erz a n d  his as
sociates fo u n d  them selves co n fro n te d  by th e  effective resistance  o f  p ro 
p o n en ts  o f  local g o v e rn m e n t a n d  th e  foes o f  p riva te  o w n ersh ip  (see pp . 
2 5 3 -5 4  below). In  C hicago , Insu ll le a rn ed  how  to dea l w ith th e  local p o l
iticians a n d  even tua lly  o rgan ized ' rep re sen ta tiv e s  o f  th e  s ta te  g o v e rn m en t 
in s u p p o r t o f  his system  b u ild ing . In a d d itio n , he he ld  th e  advoca tes o f  
public  o w n ersh ip  at bay w ith a steady  b a rra g e  o f  publicity . In  L o n d o n , th e  
po liticians w ere n o t recep tive  to  M erz's p lans; in C h icago  an d  Illinois, p o l
itics becam e a p a r t  o f  In su ll’s system . F o rre st M cD onald, Insu ll's  b io g ra 
p h e r , believes th a t Insu ll was fo r ab o u t th irty -five years th e  m ost p o w erfu l 
political o p e ra to r  on  th e  A m erican  business scene."

" McDoiuikl, Insult, p. 82. My discussion of Insull in politics is based on McDonald's bi
ography.
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C h icag o ’s po litic ians, especially  th o se  o n  th e  city council, e x p lo ited  the  
fran c h ise -g ra n lin g  p o w er o f  g o v e rn m e n t. A n o u ts ta n d in g  ex am p le  o f  th e  
in g en io u s  way in w hich  they  o b ta in e d  w ealth  f ro m  political po w er w ithou t 
hav in g  lo  steal pub lic  m o n ey  is th e  O g d e n  G as C o m p an y  case. Insu ll le a rn ed  
m uch  fro m  o b se rv in g  th e ir  m an eu v e rs . In  1895 a g ro u p  o f  po litic ians th a t 
la te r  becam e know n  as th e  O g d e n  G as C row d  h e lp e d  pass an  o rd in a n c e  
th a t g ra n te d  a lo n g -te rm  fran ch ise  lo  th e  O g d e n  G as C o m p an y , an  e n te r 
p rise  they  h ad  fo u n d e d  a n d  in w hich  they  h e ld  a la rg e  block o f  stock. T h e  
a lread y  ex is tin g  gas co m p an y , th e  Peop les  G as L ight 8c C oke C o m p an y , 
en v ied  th e  fra n c h ise  h o ld e rs  a n d  r e g re tte d  th e  co m p e titio n  th e  new  co m 
pany  co u ld  o ffe r . So th e  O g d e n  G as C ro w d  so ld  th e  fran ch ise  to  th e  Peoples 
C o m p an y  fo r  o v e r $7 m illion  a n d  several po litic ians m a d e  an  ind iv idua l 
p ro f it o f  a lm ost tw o -th ird s  o f  a m illion  do lla rs . T h e r e  w ere o th e r  varia tions 
o n  th e  fra n c h ise  th e m e , as In su ll, h e a d  o f  C h icag o  E d ison , w ould  le a rn .9

Insu ll also  took  no te  o f  how  C h a rle s  T y so n  Y erkes, C h icag o ’s lead ing  
tra n sp o rta tio n -u til i t ie s  m ag n a te , su rv iv ed , ev en  flo u rish ed , in C hicago . By 
1897 Y erkes, a lso  a system  b u ild e r , h ad  fo rg e d  a u n ified  a n d  e lec trified  
u rb a n  t r a n s p o r ta tio n  system . T o  d o  th is he h ad  b een  fo rced  reg u la rly  to 
b rib e  m e m b e rs  o f  th e  city council to  e x te n d  th e  m any  s h o rt- te rm  franch ises 
h e  acq u ire d  in b u ild in g  his tra n sp o r ta tio n  n e tw o rk . B ecause it was d ifficu lt 
to  o b ta in  lo n g -te rm  loans o r  lo  m a rk e t lo n g -te rm  b o n d s  w ith sh o rt-lived  
fran ch ise s , a n d  b ecau se  th e  b ribes  w ere  u n e n d in g ,  Y erkes in 1897 m ad e  a 
bo ld  a n d  ra tio n a l m ove. H e  a r ra n g e d  fo r th e  in tro d u c tio n  in th e  sta te  
leg is la tu re  o f  a set o f  bills to  e x te n d  all s tre e tc a r  a n d  e lev a ted  railw ay 
fran ch ise s  in th e  sta te  o f  Illino is fo r fifty years, re q u ire  co m p an ie s  to  pay 
th e  cities th ey  se rv ed  an  in itial fee a n d  an  a n n u a l p e rc e n ta g e  o f  gross 
rev en u es , a n d  rem o v e  co n tro l o f  th e  t r a n s p o r ta tio n  co m p an ie s  fro m  city 
counc ils a n d  place re g u la tio n  in th e  h a n d s  o f  a sta te  com m ission . S h iftin g  
re sponsib ility  lo  th e  sta te  level m ig h t re d u c e  c o r ru p tio n ; it w ould  surely  
e x te n d  th e  ju r isd ic tio n  oT th e  re g u la to ry  a u th o r ity  to  acco rd  w ith th e  ex 
p a n d in g  tra n sp o r ta tio n  n e tw orks. T h e  bills d id  n o t pass, b u t th e  leg isla tors 
d id  a u th o r iz e  city councils  to  issue fifty -year franch ises.

In su ll g o t a tas te  o f  th e  city council's  fran ch ise  e n te rp r is e  soon  th e re a f te r . 
M em b ers  o f  th e  C h icag o  C ity C ouncil a sked  how  m u ch  h e  w ould  pay to  
b lock th e  g ra n tin g  o f  a fifty -year fran ch ise  to  a rival co m p an y . Follow ing 
th e  O g d e n  G as C ro w d  p a tte rn ,  th e  counc il vo ted  a fran ch ise  to  th e  C o m 
m on w ea lth  E lectric  C o m p an y , w hich h ad  b een  estab lish ed  to  ho ld  th e  f ra n 
chise. In su ll d id  n o t yield, how ever, so m em b ers  o f  th e  council a n d  th e ir  
f r ie n d s  w en t a h e a d  w ith p lan s to  tra n s fo rm  th e  d u m m y  c o m p an y  in to  an  
o p e ra tin g  c o m p e tito r . T h e n  they  le a rn e d  w hy Insu ll h a d  stood  his g ro u n d : 
he h e ld  exclusive r ig h ts  fro m  every  A m erican  m a n u fa c tu re r  to  buy elec
trical e q u ip m e n t fo r  C h icago . So d a u n te d ,  th e  c re a to rs  a n d  o w n ers  o f  
C o m m o n w ea lth  E lectric  so ld  th e  valuab le  fifty -year fran ch ise  a n d  th e  co m 
pany  to  C h icago  E dison  Tor $ 5 0 ,0 0 0 .111

Insu ll a n d  lik e -m in d ed  utilities m en  w ere  to  succeed  w h e re  Y erkes h ad  
fa iled ; they  w ould  b r in g  a b o u t th e  t ra n s fe r  o f  reg u la to ry  pow ers to  the  
state. Insull first m uste red  th e  su p p o rt o f  lead ing  utilities executives th ro u g h

* Ibid., p. 83.
,u Ibid., pp. 88-89.
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ih e  N ationa l E lectric L ight A ssociation (N ELA ), a tra d e  o rg an iza tio n . In 
his N ELA  p re s id en tia l a d d re ss  in 1898, he called fo r s ta te  reg u la tio n  o f 
ra les  a n d  service; he  also ad v o ca ted  th a t m un icipalities be em p o w e re d  to  
p u rch ase , at cost m in u s d ep rec ia tio n , th e  p lan t o f  any  u tility  th a t failed to  
r e n d e r  satisfacto ry  service. O n  th is occasion a n d  th ro u g h o u t m ost o f  his 
c a re e r , Insu ll show ed  his respec t for th e  public  service responsib ilities  o f 
th e  u tilities, a n d  he  let th e  pub lic  know  o f  his co n ce rn . H e was a p io n e e r  
in u tility  pub lic  re la tions. A lth o u g h  th e  N ELA  m e m b e rsh ip  was not ready  
fo r  In su ll's  policy in 1898 a n d  re leg a ted  th e  p ro p o sa l to  a com m ittee , w ithin 
a d ecad e  it rea lized  th a t s ta te  re g u la tio n  w ould  bo th  facilita te  e x p an s io n  
a n d  c o u n te r  th e  ris ing  tid e  o f  m un ic ipa l o w n ersh ip . A new  N ELA  Public 
Policy C o m m ittee  su b m itted  a s tro n g  re p o r t  favo ring  s ta te  reg u la tio n  an d  
th e  m e m b e rsh ip  e n d o rse d  it. In  1907, w hen  th e  m un ic ip a l-b o n d  m ark e t 
c o n trac ted  severely  a n d  m u n ic ipa l o w n ersh ip  th e re fo re  becam e less a t
tractive, its p ro p o n e n ts  jo in e d  th e  call fo r s ta te  re g u la tio n  as a re fo rm . T h e  
N ationa l Civic F ed e ra tio n  (in which Insu ll p layed  an  im p o r ta n t ro le  as 
m em b er o f  th e  ex ecu tive  com m ittee  m ad e  u p  o f  business a n d  lab o r lead e rs  
a n d  public  rep re sen ta tiv e s ) also d ec id ed  th a t s ta te  reg u la tio n  o f  public  
u tilities was an  im p o rta n t s tep  in its e ffo r t  to  b r in g  ab o u t u rb a n  re fo rm  
th ro u g h o u t th e  n a tio n . Its re p o r t  o f  1907, which co inc ided  w ith In su ll's  
a n d  N E L A ’s views, p ro v id ed  th e  basis fo r m ost reg u la to ry  laws, inc lu d in g  
th o se  th a t g o v e rn ed  th e  p io n e e r in g  reg u la to ry  com m issions estab lished  in 
W isconsin, M assachusetts, a n d  New Y ork in 1907. Iron ically , because  o f  
com plex ities in Illino is law, especially  in th e  Field o f  tra n sp o rta tio n  utilities, 
Insu ll's  s ta te  d id  n o t estab lish  a sta te  reg u la to ry  com m ission  un til 1914 ."

W hen th e  e ffec tiveness  o f  L o n d o n ’s local au th o ritie s  in res is ting  th e  t r a n 
scen d en ce  o f  th e ir  au th o rity  is reca lled , it seem s rem ark ab le  th a t Insu ll and  
o th e rs  e n c o u n te re d  rela tively  in effec tu a l resistance in C h icago  as reg u la to ry  
ju r isd ic tio n  was m oved  u p  to  th e  s ta te  level. T h e re  was, how ever, a delayed  
reac tion . A lm ost sim u ltan eo u sly  w ith th e  e s tab lishm en t o f  th e  Illinois Public 
U tility C om m ission  in 1914, a m o v em en t called “ H om e R u le” was lau n ch ed  
in C hicago to  re tu rn  ju risd ic tion  to the  m unicipal governm ent. T h e  streng th  
o f  th is m o v em en t was re in fo rc e d  in th e  n ex t few years by a com plex  alliance 
o f  C h icago  po litic ians w ho w ere acu tely  aw are o f  th e ir  loss o f  in fluence ; 
by critics o f  p ro f itm a k in g  fro m  d e fen se  e x p e n d itu re s , especially  by public 
u tilities; a n d  by advoca tes o f  g o v e rn m en t ow n ersh ip . T h e  m ovem en t took 
o n  a m id w este rn  c h a ra c te r  as P rogressive lead e rs  like R obert La Follette 
o f  W isconsin, W illiam  B orah  o f  Id ah o , B u rto n  W heele r o f  M on tana , and  
G eo rg e  N o rris  o f  N ebraska  tu rn e d  against w ar p ro fitee rs  an d , by 1919, 
especially  th e  public  utilities. (As in E ng land , advocates o f  local a n d  cen tra l 
g o v e rn m e n t o w n e rsh ip  com bined  against th e  ex p an d in g , privately  ow ned 
u tility  system .)

D u rin g  W orld  W ar I, Insu ll h ead ed  th e  S tate C ouncil o f  D efense in 
Illinois a n d  was especially  active in m obiliz ing  public op in io n  in th e  w ar 
e ffo rt. A fte r th e  w ar, w ith utilities, not the  U n ited  States, u n d e r  a ttack , he 
used  th is public  re la lio n s -p ro p a g a n d a  o rg an iza tion  as a m odel lo r  the  
Illinois Public U tility In fo rm a tio n  C om m ittee . O th e r  utilities an d  NF.LA 
follow ed his lead , a n d  speeches a n d  publications p o u re d  fo rth . "By the

" Ib id ., pp. I 13-1 <1. 117, 121. 177-78.
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m id-lw en ties , h a lin g  u tilities was, in C h icago , as r a re  as h a tin g  m o th e r  and  
th e  flag .” 12 T h e  th re a t  o f  “ H o m e  R ule"  h a d  passed .

R eleg a tin g  political au th o rity  lo  th e  su b se rv ien t position  d e e m e d  a p p ro 
p r ia te  by A m erican  e n tr e p re n e u r s ,  In su ll p ro c e e d e d  w ith th e  fu lfillm en t 
o f  his p r im a ry  objectives, w hich  w ere in th e  techn ical a n d  econom ic  realm s. 
W ith in  two y ears o f  his a rriv a l in C h icago , In su ll d e m o n s tra te d  th e  bo ldness 
o f  his in te n tio n s  by ra is in g  fu n d s  to  b u ild  th e  H a rr iso n  S tre e t c en tra l sta tion  
d u r in g  a y ea r o f  financ ia l pan ic . T h is  g e n e ra tin g  sLalion becam e know n 
fo r its ad v an ced  e n g in e e r in g  a n d  ra p id  g ro w th  d u r in g  its f irst d ec a d e  o f  
o p e ra tio n . G iven  his th o ro u g h  e x p o su re  to  th e  te ch no logy  o f  e lec tric  ligh t 
a n d  p o w er w hile h e  was w ith E d ison  a n d  his com p an ie s , In su ll look  fa r 
m o re  th a n  an  ab s trac t m a n a g e ria l in te re s t in th e  way th e  H a rr iso n  S tree t 
sta tio n  was e q u ip p e d . O p e n in g  in 1894 w ith 400-kw . d ire c t-c u r re n t g e n 
e ra to rs  to ta lin g  2 ,4 0 0  kw. a n d  d r iv e n  in pa irs  by h ighly  e ffic ien t 1 ,250-h .p . 
c o n d e n s in g , re c ip ro c a tin g  s team  en g in es , th e  sta tio n  e x p a n d e d  w ith in  a 
d e c a d e  to  a to ta l capac ity  o f  16,200 kw. g e n e ra te d  by 3 ,500-kw  units. Lo
ca ted  o n  n av igab le  w ater, it h ad  easy access to  coal a n d  coo ling  w ater. 
M oreover, as its capacity increased, a la rg er a n d  m o re  d iverse m arke t evolved. 
O n  th e  b usiness  level, C h icag o  E d ison  acq u ire d  tw en ty  C h icago  u tilities 
a n d  th e ir  m a rk e t a rea s . T h e  cu lm in a tio n  o f  th e  e x p a n s io n  was its fo rm al 
m e rg e r  w ith C o m m o n w ea lth  E lectric to  fo rm  C o m m o n w ea lth  E dison  in
1907. (T h e  tw o co m p an ie s  h ad  b een  jo in tly  m a n a g e d  fo r som e y e a rs .) ,!l

In  p re s id in g  o v e r th e  g ro w th  o f  th e  C h icag o  system , In su ll d e m o n s tra te d  
how  th e  new  tech n o lo g y  co u ld  be co u p le d  to  th e  o ld  in th e  u n iv ersa l supp ly  
system . As th e  sm all a n d  in effic ien t co m p an ie s  w ere  ab so rb ed , th e ir  g e n 
e ra tin g  p lan ts  w ere  u sed  fo r a tim e. A fte r  1896 a n d  th e  in tro d u c tio n  of 
po ly p h ase  c u r r e n t ,  how ever, o b so le te  g e n e ra tin g  s ta tio n s w ere tra n s fo rm e d  
in to  su b sta tio n s. In su ll believed  th a t a f te r  S ebastian  Z. d e  F e rra n ti ,  he  was 
th e  first to  tra n s fo rm  ineffic ien t s ta tions in to  su b sta tions. (T h e  very  p re fix  
“su b -” in d ica ted  th e  e m e rg in g  h ie ra rch ica l system .) F e rra n ti,  th e  fo rw ard - 
look ing  B ritish  e n g in e e r  a n d  e n tr e p re n e u r ,  h ad  co n v e rte d  th e  sm all G ros- 
v e n o r  G allery  s ta tio n  in to  a t ra n s fo rm e r  su b sta tio n  fo r th e  m a m m o th  D ep t
fo rd  g e n e ra tin g  p lan t across th e  T h am es .1-1 Like F e rra n ti,  In su ll a n d  his 
associates n o t on ly  u tilized  p o ly p h ase  c u r r e n t ,  tra n s fo rm e rs , a n d  h ig h -v o lt
age  d is trib u tio n  lines b u t a lso  em p lo y ed  th e  new ly in v en ted  ro ta ry  co n 
ve rte r . (See p p . 1 2 1 -2 2  above.)

T h e  ro ta ry  c o n v e r te r  p ro v ed  to  be an  e ffec tive  tool in th e  h a n d s  o f  th e  
C h icago  e lectrical e n g in e e rs  a n d  m an ag e rs  w ho w ere in ten t u p o n  g row th . 
A f ru s tra tio n  fo r th em  h ad  b een  th e  co m b in ed  heavy in v estm en t in d o w n 
tow n d ir e c t-c u r re n t sta tio n s o f  th e  Edison  type  a n d  iso lated  su b u rb a n  al
te rn a tin g -c u r re n t s ta tions. K now ing  th a t econom ies o f  scale w ould  resu lt 
w h e th e r  o n e  m e a su re d  g e n e ra to r  capacity  o r  a rea  o f  d is tric t se rv ed , they  
in tro d u c e d  th e  c o n v e rte r  lo  co u p le  th e  a.c. a n d  d .c. system s at th e ir  in te r 
face, th u s  in te g ra tin g  th e  o ld  a n d  th e  new  a n d  b u ild in g  a u n iversa l system .

A t th e  C h icag o  exp o sitio n  in 1893 a ro ta ry  c o n v e rte r  was ex h ib ited  by

'* Ibid.. p. 185.
■’ Commonwealth Edison Com pany" (typescript p repared c. 1934 for Samuel Insull prior 

to his federal trial), pp. 2 -3 . Insull Papers.
" A r th u r  Ridding. S 7. tie Ferranti. Pioneer ol F.lerlnr Power (London: IIMSO. 1964).
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th e  W esiin g h o u se  C o rp o ra tio n . In su ll a n d  his c h ie f  en g in e e r . L ouis F e r
gu so n , believed  th a t they  w ere th e  first to  o rd e r  th e  new  inv en tio n  (in May 
1896) b u t ack n o w led g ed  th a t B oston  Edison  h ad  used  it first. In  th e  case 
o f  C h icago  E d ison , F e rg u so n  a n d  In su ll first sh u t dow n  an  ineffic ien t d.c. 
s ta tion  on  W abash  A v en u e , in sta lled  a rev e rsed  ro ta ry  c o n v e rte r  at the  
H a rr iso n  S tree t sta tio n  (d irec t c u r re n t fro m  th e  g e n e ra to rs  was ch a n g e d  
in to  a lte rn a tin g  c u r re n t) ,  a n d  sen t th e  h igh -vo ltage  a lte rn a tin g  c u r re n t over 
th e  transm ission  line th re e  m iles to  th e  fo rm e r  g e n e ra tin g  s ta tio n , now- 
co n v e rted  in to  a su b sta tio n , w h e re  a ro ta ry  c o n v e rte r  ch a n g e d  a lte rn a tin g  
c u r r e n t  to  d ire c t c u r r e n t  fo r  use  by co n su m ers  in th e  d is tr ic t .15 T h is  was 
a v aria tio n  on  th e  u sual p a tte rn  o f  conversion .

By 1900 In su ll, w ho usually  d e p e n d e d  on  G en e ra l E lectric fo r electrical 
equ ipm en t, had  the  ro tary  converte r, the  frequency  changer, and , o f  course, 
th e  t ra n s fo rm e r. S choo led  by E dison , In su ll n ev e r  lost his sensitivity  to 
techno log ica l d e v e lo p m e n ts ; his e conom ic  a n d  business a cu m en  allow ed 
him  to  g ra sp  quick ly  how  to  exp lo it th em . A t his side w ere L ouis F e rg u so n , 
his c h ie f  e n g in e e r , w ho was reco g n ized  as a le a d e r  by his pee rs , a n d  F rank  
S a rg en t, a co n su ltin g  e n g in e e r  w hose re p u ta tio n  as a p o w er-p lan t d e s ig n e r  
grew  rap id ly  as he  becam e p r im a ry  c o n su ltan t to  C h icago  Edison  (see Fig. 
V II I .3 ) .16

Insu ll n o t on ly  sp re a d  his d is tr ib u tio n  system  b u t he in creased  th e  scale 
o f  th e  g e n e ra tin g  un its  w ith in  th e  system . As in th e  case o f  his co u p lin g  o f  
th e  o ld a n d  new  tech n o lo g ies , h e  was m o tiva ted  by a high ly  dev e lo p ed  
econom ic  sense  a n d  an  a p titu d e  fo r  id en tify in g  th e  techno logy  o f  th e  fu tu re . 
O n e  h is to ric  te chno log ica l ach iev em en t o f  w hich he was im m ensely  p ro u d  
was th e  Fisk S tre e t s ta tio n , w hich  o p e n e d  in 1903 (see Figs. VI11.4 a n d  
V I11.5). H is c o n tro v e rs ia l dec is ion  to  bu ild  th e  sta tion  follow ed fro m  the  
rea liza tion  th a t la rg e  g e n e ra tin g  un its  w ere m o re  e ffic ien t th a n  sm all ones. 
Also in f lu e n c in g  h im  was th e  rea liza tion  th a t rec ip ro ca tin g  s team  en g in es  
w ith m o re  th a n  a 5 ,0 0 0 -h .p . capacity  (th e  lim it o f  th e  u n it recen tly  installed  
in th e  H arr iso n  S tre e t s ta tion ) w ould  be im prac tica l because o f  th e ir  s ize .17 
A d h e rin g  to  his ob jective o f  am assin g  p ro d u c tio n  in la rge  un its, he  tu rn e d  
to  th e  s team  tu rb in e , w hich was w inn ing  p ra ise  in E u ro p e  fo r its relatively 
sm all size, sim plic ity  o f  m ech an ism , a n d  m o d e ra te  first cost. In  th is d ecision , 
as in m any  o th e rs , In su ll d e m o n s tra te d  his aw areness o f  E u ro p e a n  tech 
nological d e v e lo p m e n ts  a n d  his inc lina tion  to  t ra n s fe r  a n d  a d a p t te ch n o l
o g y .18

H av ing  seen  s team  tu rb in e s  in a c en tra l s ta tion  in G e rm an y , Insu ll sent 
F e rg u so n  a n d  S a rg e n t to  E u ro p e  early  in th e  su m m e r o f  1901 to  inspect

' ‘ Seymour, "Hislory o f Commonwealth Edison," pp. 308-9. In a paper presented at the 
Organization o f American H istorians'Seventy-fifth Annual Meeting, Philadelphia, Pa., I April 
1982, Harold Platt discussed Insults supply-side marketing techniques, stressing Insult's ap
preciation o f the economic importance and use o f the Wright Demand Meter and the rotary 
converter. Sec H arold L. Platt. “Sam Insull and the Electrification of Chicago, 18 8 0 -1925."

'"O n  Sargent sec Sargent 8c Lundy, The Sargent (đ Lundy Story: Seventy Years of Engineering 
Service (Chicago: Sargent 8c Lundy 1961).

”  Seymour. "History of Commonwealth Edison." p. 319.
'"W hen traveling in Europe as a young man, Samuel Insull, Jr ., investigated technological 

developments there at his father's request. He later confirmed that his father had paid close 
attention to European technological developments (interview with Samuel Insull, Jr ., Chicago. 
14 Aukusi 1975).
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Figure VIII. 3. Offices of (he consulting 
engineering firm Sargent Id l.undy. 

Fredenek Sargent, consultant to Samuel 
liuull (left); /Iyres Lundy (sealed al 
desk). Courtesy of Sargent id l.unry 

F.ngineers, Chicago, III.

Figure VIII.4. Fish Street station, 
Chicago, under construction. 1903. From 

Sargent id Lundy, T he  Sargeni 8c 
Lundy Slory, p. 13.

Figure VI1I.5. Fisk Street station. From 
Saigenl id  Lundy, T he  Sargenl 8c 

Lundy Story, p 22.
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tu rb in e  insta lla tions. In  E n g lan d , C harles  P arsons had  in tro d u c e d  th e  steam  
tu rb in e  as a g e n e ra to r  d riv e  in 1884. T h e re  w ere sm all s te a m -tu rb in e  in 
sta lla tions th e re , an d  in 1900 a m ajo r cen tra l-s ta tio n  in sta lla tion  was co m 
p le ted  in E lb erfe ld , G e rm a n y .19 D evelopm en t o f  th e  s team  tu rb in e  b ro u g h t 
a m ark ed  d ec rease  in w eight p e r  h o rsep o w er as c o m p a re d  to  th e  re c ip 
ro ca tin g  e n g in e . I f  Insu ll h ad  been  co n ten t to  try  a 1,000-kw. u n it, th e re  
would  have b een  little c o n tro v e rsy  ab o u t th e  decision ; th e  tu rb in e s  at El
be rfe ld  w ere 1,000-kw. un its, a n d  th e  H a r tfo rd  E lectric C o m p an y  in A m e r
ica h ad  o rd e re d  a 1,500-kw. tu rb o g e n e ra to r  from  W cstin g h o n se  in 1900.-" 
C o m m itted  to  size a n d  effic iency , how ever, Insu ll w an ted  5 ,000-kw . u n its  
fo r  th e  Fisk S tree t s ta tion .

In  E u ro p e , F e rg u so n ’s an d  S a rg e n t’s en th u s ia sm  for tu rb in e s  increased . 
Successfu l in sta lla tions o f  w ater tu rb in e s  also e n c o u ra g e d  th em . T h e y  saw 
th e  M ilan E dison  C o m p a n y ’s w a te r-p o w er s ta tion  at P ad e rn o , w ith its seven 
2 ,0 0 0 -h .p . tu rb in e s ; th e  c o m p a n y ’s c h ie f  e n g in e e r  in fo rm e d  th em  tha t the 
tu rb in e s  h ad  b een  so successfu l th a t he  h ad  o rd e re d  two s team  tu rb in es  
ra te d  at 4 ,000  h .p . each . G rea tly  s tim u la ted , F e rg u so n  a n d  S a rg en t th en  
visited th e  w orks o f  B row n , B overi & C o m p an y  in B ad en , S w itzerland , 
w h e re  th e  la rg e r  M ilan E d ison  tu rb in e s  w ould  be bu ilt. T h e re  they also 
le a rn e d  o f  an  o rd e r  fro m  F ra n k fo r t ,  G e rm an y , fo r  a 4 ,0 0 0 -h .p . tu rb o 
g e n e ra to r ;  they  w ere conv inced  th a t E u ro p e  “was len d in g  very  d e fin ite ly  
to  th e  tu rb o g e n e ra to r  u n it ."21

Back in th e  S tates, C h a rle s  C o ffin , p re s id e n t o f  G en e ra l E lectric, was 
in te re s ted  in su p p ly in g  C h icago  E dison  w ith a sm all, 1,000-kw. tu rb o g e n 
e ra to r , b u t he w ould  o f fe r  n o n e  o f  th e  c u s to m ary  g u a ra n te e s  fo r la rg e r 
un its , ce rta in ly  n o t th e  5 ,000-kw . un it Insu ll h ad  in m ind . Insu ll pers is ted , 
hav ing  d ec id ed  to  go  a h e a d  a n d  “b o re  with a big a u g e r"  ra th e r  th an  live 
“ from  h a n d  to  m o u th "  by a d d in g  a sm all tu rb in e  to  a rec ip ro ca tin g -en g in e  
s ta tio n .22 T h e  c o m p ro m ise  reach ed  was th a t G en e ra l E lectric w ould take 
th e  m a n u fa c tu r in g  risk  a n d  C h icago  Edison  w ould  assum e th e  ex p en se  o f  
th e  in sta lla tion  w h e th e r  it su cceed ed  o r  fa iled. (F o r ex am p le , th e  bu ild in g  
w ould have to  be re m o d e le d  ex tensively  if  th e  tu rb in e  p ro v ed  u nsa tisfac
to ry .) Insu ll p laced  his o rd e r  fo r th e  5.000-kw . tu rb in e  on  28 D ecem ber 
1901 an d  th e  u n it w ent in to  serv ice on  2 O c to b e r 1903 (see Fig. V I11.6). 
T h re e  m o re  5,000-kw . un its  fo llow ed by 1905, b u t these  w ere th en  rep laced  
by 12,000-kw . un its . By 1911 th e re  w ere ten  12,000-kw. un its at th e  Fisk 
S tree t s ta tio n .23

Insu ll a n d  o th e r  E dison  officials ce leb ra ted  th e ir  p io n e e rin g  decision .

'“ Arnold T. Gross. "Zeillard zur Entwicklung tier Elcktrizilalsversorgung," Techmkge- 
schichte 25 (1936): 131; R. H. Parsons. The Early Days of the Power Station Industry (Cambridge: 
Al the University I'rcss, 1940). pp. 170 IT. On the introduction olTlie steam turbine in m itra l 
stations, see also Kurt Mnucl, "Die Bedeutung der D aniprturbine fin die Entwicklung (In 
elcktriscbcn F.ncrgiccrzcugung." Teehnikgeschichte 42 (1975); 229-42.

'" T h e  Mart ford Electric L.igltt Co. installed a single 1,500-kw. steam turbine in its existing 
Pearl Street plant in 1901. This W estinghousc-Parsons turbine was the first built in America 
for a utility. See Glenn Weaver, The 11 art foul Electric Light Company (H artford. Conn., 1969), 
p. H7.

71 Commonwealth Edison Co., Edison Hound Table. November 1928, p. 2.
77 Ibid.. p. II.
71 Commonwealth Edison Co.. Principal Generating Stations and Transmission System (Chicago: 

CEC. 191 I), pp. 3. 16.
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Figure V lll.6 . Fisk Street station: First 
5,000-kui. turbine unit (foreground), the 
largest steam turbine in existence in 1903. 
From Sargent Of Lundy, T he  Sargent 8c 

Lundy Story, p. 14.

b u t In su ll la te r  a d m itte d  th a t th e  firs t steam  tu rb in e s  w ere  n o t econom ical 
to  o p e ra te ,  p e rh a p s  n o t as eco n o m ica l as th e  re c ip ro c a tin g  en g in es . “ I th in k  
it was th e  fo u r th  tu rb in e ,” h e  reca lled , “th a t was a really  e ffic ien t tu rb in e .”2,1 
H o w ev e r, th e  low firs t cost a n d  lab o r  sav ings o f  th e  u n it  o ffse t o p e ra tin g  
p ro b lem s. T h e  in s ta lla tio n  also h e lp e d  in tro d u c e  th e  tu rb in e  to  A m erica; 
w ith in  a y ea r a f te r  th e  Fisk S tre e t s ta tio n  b eg an  o p e ra tin g .  G e n e ra l E lectric 
a n d  W e stin g h o u se  rece ived  o rd e r s  fo r  a to ta l o f  5 4 0 ,0 0 0  kw. o f  tu rb o 
g e n e ra to r  capac ity . F e rg u so n  c o n s id e re d  In su ll 's  in tro d u c tio n  o f  th e  la rge  
tu rb in e  d a r in g ,  d e sp ite  th e  E u ro p e a n  p re c e d e n t.  " E u ro p e a n  cond itio n s,"  
he  r e m a rk e d ,  “in d iv id u a lized  (the] d e s ig n  o f  each  m ach in e , th e  c a re fu l 
co d d lin g  o f  new  dev ices  a n d  th e  in f in ite  p a in s  a n d  com p lica tio n  w hich is 
o f  th e  n a tu re  o f  E u ro p e a n  e n g in e e r in g  gave an  u tte r ly  d if fe re n t e n v iro n 
m e n t f ro m  A m erican  c o n d itio n s ." 25

A look  a t C o m m o n w e a lth  E d ison  a b o u t 1910 show s how  th e  H arr iso n  
S tre e t,  Fisk S tre e t,  a n d  o th e r  c o m p o n e n ts  h a d  b een  sh a p e d  in to  a un iversa l 
system  ( see  Fig. 1.1, p. 3 ). In  a d d itio n  to  th e  c e n tra l g e n e ra tin g  s ta tions, 
t h e re  w e re  s ix ty-seven  su b s ta tio n s  in th e  C h icag o  system ; so m e  w ere c o n 
v e r te d , o b so le te  g e n e ra t in g  s ta tio n s , b u t o th e rs  h ad  b een  specially  bu ilt as 
su b s ta tio n s . In  1910 Fisk S tre e t re m a in e d  th e  la rg es t o f  th e  g en e ra tin g  
sta tio n s, b u t ju s t  ac ross a slip  o f  th e  C h icag o  R iver s to o d  th e  Q u a r ry  S tree t 
s ta tio n , w hich  b eg an  o p e ra t in g  in 1908 a n d  by 1910 h ad  six 14,000-kw. 
tu rb o g e n e ra to rs .  F req u en c ie s  a n d  vo ltages w ere m a n ip u la te d  w ith in g e 
nu ity . All o f  th e  Fisk S tre e t u n its  g e n e ra te d  th re e -p h a s e  a lte rn a tin g  c u r re n t 
a t 9 ,0 0 0  volts a n d  25 cycles, b u t th r e e  5 ,000-kw .-capac ity  t ra n s fo rm e rs  
ra ised  th e  o u tp u t  o f  th re e  o f  th e  g e n e ra to rs  to  20 ,0 0 0  volts. T h e  h ig h e r- 
vo ltage  c u r r e n t  was fo r tran sm iss io n  to  th e  m o re  d is ta n t su b sta tio n s. In  the

u  Edison Round Table, N ovem ber 1928, u. 12.
”  Ibid.. u. 3.
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Q u a rry  S tree t s ta tio n  fo u r  o f  th e  g e n e ra to rs  w ork ed  at 9 ,000  volts a n d  25 
cycles, w hich  fac ilita ted  th e  in te rc h a n g e  o r  c u r r e n t  w ith Fisk, b u t tw o o th e r  
g e n e ra to rs  p ro d u c e d  c u r r e n t  at 12,000 volts a n d  60 cycles. T h e  Q u a rry  
S tree t s ta tio n  also  u sed  fre q u e n c y  c h a n g e rs  to  convert 25-cycle c u r re n t for 
th e  60-cycle load . T h e  system 's  su b s ta tio n s  rece ived  c u r re n t by d irec t line 
from  th e  Fisk, Q u a r ry ,  a n d  H a rr iso n  S tre e t s ta tions.

T h e  co m b in a tio n  o f  te ch n o lo g ie s  m ad e  possib le  th e  su p p ly  o f  incandes- 
cen t-lig lu  load , s ta tio n a ry -m o to r  load , a n d  s tree tca r/e lev a ted  ra ilro ad  load. 
T ra n s fo rm e r  su b s ta tio n s  re d u c e d  th e  25-cycle c u r r e n t  to  usab le  voltages 
fo r th e  la rg e  m o to rs  o f  in d u s tr ia l e n te rp r is e s ;  ro ta ry  c o n v e rte r  substa tions 
rece ived  very  h ig h  vo ltage, a lte rn a tin g , p o ly p h ase  c u r re n t  d ire c t fro m  Fisk 
o r  Q u a r ry  a n d  t r a n s fo rm e d  it in to  d ire c t c u r r e n t  a t th e  600  volts n eed ed  
by th e  s tre e tc a rs  a n d  th e  e lev a ted  ra ilw ay; a n d  th e  12,000-volt, 60-cycle 
c u r r e n t  was t r a n s fo rm e d  in su b s ta tio n s  in to  th e  low voltages u sed  by in- 
c a n d escen t- lig h t co n su m e rs . S ince la rg e-cap ac ity  lie lines c o n n ec ted  Fisk 
a n d  Q u a r ry ,  th e  s ta tio n s  assisted  each  o th e r  in h a n d lin g  th e  v ary ing  peak  
a n d  low loads. T h e  sing le  C h icago  system  was im pressive . Its to ta l g e n e r 
a tin g  capac ity  was 219 ,6 0 0  kw.; its h ig h -v o ltag e  tran sm issio n  lines ex te n d e d  
fo r 525  m iles; a n d  its low -voltage d is trib u tio n  system  (m ostly  u n d e rg ro u n d )  
s p re a d  to  all p a r ts  o f  th e  g ro w in g  m e tro p o lis .20

N o d esc r ip tio n  o f  th e  tech n o lo g y  o f  th e  un iv e rsa l e lectric  su p p ly  system  
a ro u n d  1910 w ould  be co m p le te  w ith o u t c o n s id e ra tio n  o f  th e  load d is
p a tc h e r , fo r  h e  fu n c tio n e d  as th e  c o n tro l c e n te r  o f  th e  system . A fte r his 
ro le  was d e f in e d ,  th e  system  c o n cep t was consciously  a n d  ope ra tio n a lly  
a r tic u la te d . T h e  load  d is p a tc h e r ’s o ffice  a t C o m m o n w ea lth  E dison  d a te d  
back to  1903. A cco rd in g  to  a co m p a n y  p u b lica tio n  o f  th a t year, “(T h e | 
system  h ad  a ssu m ed  su ffic ien tly  d e f in ite  p ro p o r tio n s  to  call fo r th e  o rg a n 
ization  o f  an  o p e ra t in g  o ffice  p re p a re d  to  h a n d le  a t all tim es th e  steadily  
in c reas in g  in tricacy  o f  de ta il co n n e c te d  w ith th e  o p e ra tio n  o f  a cen tra lized  
system  o f  e lec trica l su p p ly ."  In  o th e r  w ords, th e  system  cou ld  be o p e ra te d  
as a “c o h e re n t w h o le .’’27

A p rim a ry  re sponsib ility  o f  th e  load  d isp a tc h e r  was to  ru n  th e  Fisk an d  
Q u a r ry  S tre e t s ta tio n s  in ta n d e m , o r  pa ra lle l, so th a t each  w ould  ca rry  a 
rea so n ab le  s h a re  o f  th e  va ry in g  system  load . A lso, w hen  g e n e ra to rs  in o ne  
o f  th e  sta tio n s fa iled  o r  h ad  to  be lak cn  o f f  load  lo r  re p a ir ,  it was th e  load 
d is p a tc h e r ’s resp o n sib ility  to  locate  th e  co m b in a tio n  o f  g e n e ra to rs  a n d  su b 
sta tions to  ca rry  th e  load  in th e  in te r im . ( T h ere  w ere s to ra g e  ba tte rie s  in 
som e o f  th e  su b s ta tio n s  a n d  th e se  fac ilita ted  th e  m ee tin g  o f  p eaks u n d e r  
usual a n d  u n u su a l co n d itio n s .)  The load  d isp a tc h e r  was n o t on ly  a t ro u 
b le sh o o te r  b u t so m e th in g  o f  a h is to rian . A t his d isposa l w ere load curves, 
o r  g ra p h ic  reco rd s , o f  th e  v a ry ing  o u tp u t fro m  d if fe re n t p a r ts  o r  th e  system  
fo r each  h o u r  a n d  each  d ay  d u r in g  past years. By an a lyz ing  these , th e  
d isp a tc h e r  an tic ip a te d  loads re su ltin g  fro m  th e  social custom s a n d  in d u stria l 
ro u tin e s  o l C h icag o ’s p o p u la tio n . (T h e  load  d isp a tc h e r  even  knew  w hen

I"1 Commonwealth Edison Co., Principal Ceneratmg Stations, pp. 21-22.
'i7 National Electric Light Assoc., Com monwealth Edison Section, rom p.. How Commonwealth 

Edison Works (Chicago: NEI.A, HIM), p. 62. T he following section on the load dispatcher is 
hascd on die essay by R. 1). Kennedy. “O pcraiing D epartm ent: Load Dispatching of Old, and 
of T oday,” ibid.. pp. 62-66.



C H I C A C J O :  T H E  D O M I N A N C E  O F  T K C I  I N ( ) l . ( H i Y

Figure VIII.10. Genrrating-slation 
operating chart. 1914. From National 

Electric Light Assoc.. I low 
Commonwealth Edison W orks,/). 131.

p eo p le  lefl w ork  early  on  C h ris tm as Eve, fo r th e  in d u s iria l. s ta tion .nv - 
m o to r  load d ro p p e d  an d  th a t o f  th e  s tre e tc a r  a n d  eleva ted  railw ay rose.) 
H e also knew  th a t C h icago  o b served  th e  Sabbath , an d  he  p lan n ed  syslem  
o p e ra tio n s  acco rd ing ly  (see Fig. V III .  I 1).

T h e  load d isp a tc h e r ’s o p e ra tin g  b o a rd  p ro v id ed  a g rap h ic  m odel ol the  
system  Tor in fo rm a tio n  a n d  con tro l. It show ed all g en e ra tin g  units, the  
freq u en cy  ch an g e rs , th e  tra n s fo rm e rs , a n d  th e  layout o f  th e  h igh-voltage 
transm ission lines and  d ie  low-voltage d istribu tion  system. Ind icators showed 
th e  co n d itio n  o f  all sw itches. M easu ring  in s tru m e n ts  gave c o n tin u o u s  re a d 
ings o f  th e  o u tp u t a n d  load in various p a ils  o f  th e  system . O f  critical 
im p o rtan ce  lo  (he load d isp a tc h e r  was th e  d irec t-co n n ec ted  te le p h o n e  sys
lem  th a t p ro v id ed  co n tro l ov e r all g en e ra tin g  u n its  an d  sw itches. The co m 
plex co n tro l p ro b lem s o f  th e  system  involved a n u m b e r  o f  s im u ltan eo u s 
variab les, a n d  th u s  it is n o t su rp r is in g  th a t early  an a lo g  c o m p u te rs— n e t
w ork a n d  d iffe re n tia l analyzers— w ere used  several decad es la te r to  solve 
som e o f  th e  load d isp a tc h e r’s p rob lem s.

In  its techno logy  a n d  o rg an iza tio n , the C hicago  system  re p re se n te d  a 
synthesis o f  th e  ideas a n d  activities o f  in n u m erab le  inven to rs , en g in ee rs , 
e n tre p re n e u rs ,  m a n u fa c tu re rs , a n d  m an ag e rs  from  all p a rts  o f  th e  w orld. 
Insull d id  not inven t the C h icago  syslem  in th e  sense that E dison in v en ted



210 n e t w o r k s  o f  p o w e r

Figure V l l l . l l .  Incidents in the routine 
of load dispatching. 1914. From National 

Electric Light Assoc.. Mow 
Commonwealth td ison  W orks./;. 61.

\

th e  P earl S tre e t system . E dison  a c q u ire d  p a te n ts  on  th e  essen tia l c o m p o 
nen ts  o f  h is system , a n d  th e  o rg a n iz in g  c o n c e p t o f  th e  system  was clearly  
his. In su ll, on  th e  o th e r  h a n d , was no t a p ro fe ss io n a l in v e n to r  o r  an  e n 
g in e e r . H e  was, how ever, a system s c o n c e p tu a liz e r  co m p a ra b le  to  Edison , 
th o u g h  on  a h igh ly  a b s trac t level. E dison  was d eep ly  aw are  o f  th e  in te r 
w oven fab ric  o f  econom ics a n d  tech n o lo g y , b u t was re la tively  naive ab o u t 
th e  lo n g -te rm  eco n o m ic  a n d  social fac to rs  th a t m a d e  u p  th e  e n v iro n m e n t 
w ith in  w hich his system  fu n c tio n e d . O th e rs , like G ro sv e n o r  Low rey , advised  
h im  on  such  m a tte rs  as th e  e x p a n s io n  o f  c o n su m e r  a n d  m oney  m arke ts . 
F u r th e rm o re ,  E dison  d id  no t a r tic u la te  his te chno log ica l a n d  econom ic 
con cep ts  su ffic ien tly  to  en a b le  a la rg e  o rg a n iz a tio n  to  m ak e  decisions a n d  
ca rry  o u t po lic ies w ith o u t his im m ed ia te  su p e rv is io n .

Insu ll, by co n tra s t ,  an a ly zed  a n d  a rtic u la te d  co n cep ts  th a t co u ld  a n d  d id  
g u id e  policies n o t on ly  fo r  th e  C h icag o  system  b u t fo r  o th e r  utilities as well. 
H is c o n cep tu a l syn thesis  involved  social a n d  m a rk e t need s, financial tre n d s , 
econom ic  p rin c ip le s , tech n o lo g ica l in n o v a tio n s , e n g in e e r in g  d esig n , a n d  
m an ag e ria l te ch n iq u es . In su ll d iscussed  his co n cep ts , policies, a n d  e x p e 
riences  in a d d re sse s  to  u tilities g ro u p s  a n d  th e  pub lic .28 T h e  sp eech es d a tin g  
fro m  a ro u n d  1910 a re  especially  in fo rm a tiv e  a n d  im p o rta n t because  they  
w ere g iven  a f te r  he  h ad  h ad  tim e  to  re flec t on  th e  fo rm a tiv e  years in C hicago  
a n d  w hile he  was p re s id in g  o v e r  th e  d e v e lo p m e n t o f  a la rg e  a n d  com plex  
e n te rp r is e . F rom  th e  s ta r t,  In su ll was c o m m itted  by policy to  la rg e  u n its— 
g en e ra to rs , s team  en g in es , tra n s fo rm e rs ,  a n d  o th e rs . In  o rd e r  to  use large, 
e ffic ien t un its , he  am assed  p ro d u c tio n  a n d  d is tr ib u tio n  facilities in to  th e

v" Samuel Insull. Central-Stalion Electric Sendee: Its Commercial Dmelopment and Economic Sig
nificance as Set Forth in the I’uhlic Addresses (IN 97 -I9 I4 ) of Samuel liuull. ed. William F.. Keily 
(Chicago: Privately printed. 1915): idem. Public Utilities in Modern Life: Selected Speeches. 1914- 
192), cd. William F. Kcily (Chicago: Privately printed. 192-1).
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la rge  g e n e ra tin g  s ta tions a t H a rr iso n , Fisk, a n d  Q u a rry  s tree ts . H e also 
a d h e re d  to  th e  p rin c ip le  o f  low ra tes to  increase  c o n su m p tio n  a n d  o f  a 
ta r i f f  s tru c tu re  d if fe re n tia te d  acco rd in g  to  th e  p a tte rn  o f  c u s to m e r d e 
m an d . Insu ll also consisten tly  so u g h t to  im p ro v e  th e  d iversity  o f  load  and  
load fac to r by m eans o f  care fu lly  p la n n e d  sales a n d  load  m a n a g e m e n t. In 
o rd e r  to  red u c e  th e  cost oT b o rro w in g  m oney  a n d  th e re b y  th e  u n it cost ol 
o u tp u t,  w hich in c lu d ed  in te re s t pa id  on  cap ita l invested , he  s o u g h t a reg u la r 
re tu rn  on  his in v estm en ts; in th is way he  h o p e d  to  estab lish  a h igh ly  fa
vo rab le  m ark e t fo r  his co m p an y 's  stocks, b onds, a n d  d e b e n tu re s . H is c o n 
cep ts  w ere in te rre la te d . By m eans o f  a m ass-p ro d u c in g  m o n o p o ly  h e  cou ld  
su p p ly  a d iv erse  load  b ro ad ly  based  on  low, d if fe re n tia te d  ra le s  a n d  o b ta in  
a fa ir r e tu rn  fro m  effic ien t p ro d u c tio n  a n d  m a x im u m  utiliza tion  o f  cap ita l 
b o rro w ed  at rea so n ab le  ra tes  o f  in te re st. In su lt's  p u rsu it  o f  his policies was 
facilita ted  by his c o m p an y 's  s u p e rb  statistics d e p a r tm e n t,  w hich k ep t him  
in fo rm e d  o f  o u tp u t,  p e rfo rm a n c e , costs, a n d  o th e r  variab les in his business 
a n d  techno log ica l system .

T h e  way In su lt's  u tility  m a n ag ed  C h icag o ’s po w er load dese rv es  special 
a tten tio n . It is co m p a ra b le  to  th e  h isto ric  m an ag e ria l c o n tr ib u tio n s  m ade 
by railw ay m en  in th e  n in e te e n th  cen tu ry  a n d  is as in te re s tin g  as th e  widely 
public ized  m an ag e ria l con cep ts  a n d  policies o f  J o h n  D. R ockefe lle r a n d  
H en ry  F o rd . In su ll ex p la in e d  his m e th o d  on  m any  occasions, b u t never 
m o re  clearly  a n d  g rap h ica lly  th a n  in a 1914 a d d re s s .2y H e beg an  by e x 
p la in in g  d iversity  o f  d e m a n d . R e fe rr in g  to  d a ta  on  a block o f  a p a r tm e n t 
bu ild ings in C h icago , he d e f in e d  th e  critical item s as th e  “c u s to m e rs’ se p 
a ra te  m ax im a" (92 kw.) a n d  th e  “m ax im u m  at t ra n s fo rm e rs"  (29 kw.). T h e  
first am o u n t was sim p ly  th e  sum  o f  th e  in d iv id u a l an n u a l m ax im u m  d e 
m an d s  o f  th e  193 cu s to m ers  in th e  a p a r tm e n t block. B ecause o f  th e  varied  
habits a n d  activities o f  th e  cu sto m ers , th e  m ax im u m  d e m a n d  o f  each  oc
cu r re d  at a d if fe re n t  tim e  d u r in g  th e  year. T h e re fo re ,  th e  m ax im u m  si
m u ltan eo u s  d e m a n d  m e a su re d  a t th e  t ra n s fo rm e rs  su p p ly in g  th e  a p a r t 
m en t block was on ly  29 kw. A d iversity  fac to r o f  2 .3  was a rriv ed  at by 
d iv id ing  th e  s e p a ra te  c o n su m e r m ax im a by th e  m ax im um  at th e  tra n s 
fo rm ers  (see Fig. V I1 1.12).

C iting  eleven  d if fe re n t classes o f  co n su m ers , Insu ll e x p la in ed  th e  a d 
van tages o f  a d iv ers ified  load . I f  th e  m ax im um  d e m a n d  o f  each  h ad  oc
c u rre d  s im u ltan eo u sly , C o m m o n w ealth  E d iso n ’s peak  load from  th ese  cu s
to m ers  w ould  have been  26 ,640  kw. As a m a tte r  o f  fact, on  th e  day  the  
utility  c a rr ie d  its m ax im u m  load in 1914 (6 J a n u a ry ) , th e  e leven  cu s to m er 
c a tego ries  m ad e  a s im u ltan eo u s  d e m a n d  o f  on ly  9 ,770  kw. In su lt's  g rap h ic s  
show ed th e  m ax im u m  d e m a n d  m ad e  by each class o f  cu s to m er d u r in g  th e  
w in te r o f  1913/14; th e  sh a d e d  p o rtio n  o f  each  co lum n  re p re se n te d  the  
d e m a n d  m ad e  on  6 J a n u a ry  1914, in d ica tin g  th e reb y  th e  responsib ility— 
o r  lack o f  it— o f  each  class o f  cu s to m er fo r th e  utility ’s bete noire, th e  an n u a l 
peak  load . Insu ll en jo y ed  e x p a n d in g  on  his th em e , describ in g  th e  various 
charac te ris tics  o f  each  cu s to m er o r  class o f  cu s to m er, a n d  ex p la in in g  how 
these  cou ld  be analyzed  an d  com bined  to  ach ieve econom ies o f  scale. For 
instance, th e  p ro file  fo r  ice m a n u fa c tu re rs  was o p tim al because th e ir  level

*"Samuel Insult, "Ccnlmlizniion of Energy Supply." in Central-Stnlion Electric Service, pp. 
<145-75.
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Figure VIII.13. Chicago load on the Commonwealth Edison system, 3 January 
1912: Diversity factor advantage. 72,260 kw. From Insult, Central-Station 
Electric Service, p. 267.

o f  activity  was low on  co ld  J a n u a ry  days w h en  C o m m o n w ea lth  E d iso n ’s 
capac ity  was s tra in e d  by th e  heav iest loads o f  th e  year. T h e  b rick y a rd s a n d  
q u a r r ie s  a lso fit in well w ith In s u l ls  sch em e  o f  th in g s , fo r  “ fro st in te rfe re s  

™ (See Fig. V I1 1 .14.) I f  it h a d  n o t b een  fo r  th e  com plex  
;a ih e r in g  te c h n iq u e s  o f  C o m m o n w ea lth  E dison  

5 o f  th e  c o m p a n y ’s statistics d e p a r tm e n t.  Insull 
"  a to rs  th a t a llow ed h im  to  ex p lo it d ivers ity  a n d

C losely re la ted  to  th e  co n cep t o f  d ivers ity  was load  fac to r. E arly in his 
m an ag e r, In su ll reco g n ized  th e  load  fac to r as 

} p r in c ip le  in c en lra l-s ta tio n  e co n o m y .31 T h e  
, bu t he  re len tless ly  p u rs u e d  th e  policies th a t 

I fac to r is th e  ra tio  o f  th e  a v e rag e  load  to  th e  m ax- 
t . g ro u p  o f  cu s to m ers , o r  th e  e n tire  system  d u r in g

I fac to r to  be th e  p a ra m o u n t econom ic  p rin c ip le  o f  
it o th e rs  h ad  d e f in e d  it fo r e lectrical e n g in ee rs , 
tan ag e rs , e a rlie r. T h e  te rm  m ay have b een  in- 

J in 1891 by C o lone l R. E. C ro m p to n , o n e  o f  th e  p io n ee rs  o f  B ritish

ru t (if the Central S tation," in Central-Slnlion Electric Service,



2 10 C H IC A G O : T H E  D O M IN A N C E  O F  T E C H N O L O G Y

Figure VIII.14. Diversity of large 
customers, Chicago. From Insull, Ccnlral- 

Siaiion Electric Service, p. 450.

electrical e n g in e e r in g  (see p. 58 above).32 E ven b e fo re  it was d e f in e d , 
E dison  a n d  o th e rs  w ho w ere c o n c e rn e d  a b o u t th e  econom ics o f  electric  
su p p ly  rea lized  th a t re g u la r ity  o f  load  a n d  m ax im u m  practical u tilization  
o f  g e n e ra tin g  capac ity  w ere  th e  d o m in a n t com m erc ia l aspec ts  o f  cen tra l-  
s ta tion  supp ly . L o n g  b e fo re  th e  rise o f  e lec tric  su p p ly , m an ag e rs  in o th e r  
fields, such  as ra ilro a d  o p e ra tio n , a lso rea lized  th e  im p o rta n c e  o f  u tiliz ing  
cap ita l (p lan t a n d  re la te d  facilities) fully  in o rd e r  to  ob ta in  a m ax im um  
re tu rn  on  in v es tm en t. As a r tic u la te d  so well by electrical e n g in e e rs  an d  
m an ag e rs , th e  rea so n  load  fac to r was critical fo r e lectric  su p p ly  is tha t 
electric ity  can n o t read ily  be s to re d ; it m u st be u sed  w hen g e n e ra te d . (S to r
age b a tte rie s  a n d  p u m p -s to ra g e  facilities a re  ex cep tio n s to  th e  ru le .)  Be
cause  electric ity  ca n n o t be s to re d , g e n e ra tin g  capacity  can n o i be used  to 
p ro d u c e  p o w er fo r  s to rag e  w hen  d e m a n d  is o ff, say, in shoe  o r  sew ing- 
m ach in e  m a n u fa c tu re .

T o  raise th e  load  fac to r, In su ll so u g h t c u sto m ers  w hose load cu rves lacked 
h igh  p eaks a n d  low valleys. H e  also w an ted  types o f  c u s to m ers  whose 
co m b in ed  load  cu rv es w ere d iverse  a n d  co m b in ed  well. (H e  recogn ized  th e  
re la tio n sh ip  be tw een  d iversity  a n d  load facto r.) T o  have h ad  several classes 
o f  cu s to m ers  w ith g ood  in d iv idua l load  cu rves b u t s im u ltan eo u s  peak  d e 
m an d s w ould  have  re su lted  in a p o o r  system  load fac to r d e sp ite  th e  good  
charac te ris tics  o f  th e  in d iv idua l loads. T h ro u g h  load  m a n a g e m e n t a n d  
p la n n e d  sales o f  m ach in e ry  a n d  ap p lian ces  th a t w ould  im p ro v e  th e  load , 
C o m m o n w ealth  Edison  im p ro v ed  th e  load fac to r fro m  y ear to  year. As a 
resu lt, th e  cost p e r  kilow att re su ltin g  from  fixed , o r  investm en t, ch a rg es 
fell, w hich g rea tly  p leased  Insull. H e iden tified  in te rest on  in vestm en t as 
th e  “m ost im p o rta n t fac to r in cost in any  public  service b usiness .”33

Insu ll la te r  reca lled  th a t he becam e aw are o f  th e  im p o rtan ce  a n d  com 
plex ity  o f  th e  load  fac to r w hen  he first m et A r th u r  W righ t, m a n a g e r  o f  a

”  Parsons, Early Days of the Power Station Industry, pp. 208-9.
”  Insull, "Development o f the Central Station," p. 29.
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sm all m un ic ip a l s ta tio n  in  B rig h to n , E n g lan d . W rig h t also in fo rm e d  him  
o f  th e  critical re la tio n sh ip  b e tw een  m e te r in g  a n d  load  facto r. "W e h ad  to  
go to  E u ro p e ,” In su ll n o te d , “to  le a rn  s o m e th in g  ab o u t th e  p rin c ip le s  u n d e r 
ly ing  th e  sale  o f  th e  p r o d u c t .”3'1 V aca tio n in g  in  E n g lan d  d u r in g  th e  C h ris t
m as season  o f  1894, In su ll f irst e n c o u n te re d  th e  re su lts  o f  W rig h t’s system  
o f  m e te r in g . In  B rig h to n , In su ll no ticed  th a t sm all sh o p s  b u rn e d  electric  
ligh t as th o u g h  in d if fe re n t to  th e  a m o u n t th ey  co n su m ed . U p o n  in qu iry  
h e  fo u n d  th a t W rig h t h a d  d e v e lo p e d  an  in g e n io u s  m e te r in g  system  th a t 
m e a su re d  n o t on ly  ac tu a l use  b u t also th e  e x te n t to  w hich each  cu s to m er 
u sed  his in sta lled  capac ity . So m e te re d , th e  cu s to m e r p a id  a ch a rg e  th a t 
was fa ir  a n d  eco n o m ica l. H is bill re flec ted  his sh a re  o f  th e  ce n tra l s ta tio n ’s 
fixed  costs th a t re su lte d  fro m  th e  g e n e ra tin g  capac ity  th e  c en tra l s ta tion  
h ad  in sta lled  in  o rd e r  to  c a rry  his p eak  lo ad ; th e  bill a lso  m ir ro re d  his 
s h a re  o f  o p e ra t in g  costs, w hich v a ried  w ith th e  a m o u n t o f  e lectric ity  he 
co n su m e d . A c u s to m e r w ith m an y  se ld o m -u sed  e lec tric  lam p s p a id  m o re  
th a n  o n e  w ho  h a d  th e  sam e n u m b e r  o f  lam p s in sta lled  a n d  u sed  th em  
o f te n — u n less  th e  r a te  h e  was c h a rg e d  re f lec ted  th e  in sta lled  load  as well 
as use. In  essence , W rig h t’s m e te r in g  system  to o k  in to  a cco u n t th e  cu s to m 
e r ’s load  fac to r. In su ll a ck n o w led g ed  th a t B oston  E d ison  C o m p a n y  m ay 
have co n s id e re d  a d o p t in g  th e  W rig h t system  b e fo re  C o m m o n w ea lth  E dison  
d id , b u t h e  a sse r te d  th a t it was his co m p a n y  th a t d e v e lo p e d  a n d  p ro m o te d  
th e  system  in th e  U n ited  S tates un til it becam e  a w idely u sed  basis of 
ch a rg in g  fo r  e n e rg y .35

T h e  u se fu ln ess  o f  th e  load  fa c to r  a n d  re la te d  load  c u rv es  as g u id es  to 
utility  po licy m ak in g  was g rea tly  e n h a n c e d  by th e  in tro d u c tio n  o f  th e  u n i
versal su p p ly  system  in C h icag o  a n d  e lsew h ere . As n o te d , th e  un iversa l 
system  p ro v id e d  fo r  load  d ivers ity , so by in sp ec tin g  load  cu rv es a n d  a n a 
lyzing th e  load  fac to r, a m a n a g e r  like In su ll co u ld  see w h e re  his u tility ’s 
load  cu rv e  n e e d e d  to  be ra ised  a n d  co u ld  cu ltiva te  th e  a p p ro p r ia te  load , 
o r  cu s to m e rs  (see Fig. V I11 .15). O n e  early  d iscussion  o f  load  fac to r was 
succinct a n d  d irec t;

“Load factor” is the convenient term which has been introduced to express 
this percentage, and a load factor of 40% is rare; 20% is more like the average 
results. Take for instance a load factor of 25%, with a station which pays 6% 
dividends. This means, that with one quarte r its greatest possible output, 
the investment is earning the whole of its interest in addition to the running 
expenses and depreciation, due to the actual output. Consequently, if additional 
load can be added to the same plant, any excess oT income from it, over the 
entire running  expense and depreciation due to it, is so much net profit. For 
special services limited to the slack hours, the station can profitably make special 
prices. With the load curve before his eyes, showing plainly and definitely the 
hollows to be filled up  and the low levels to be raised, the m anager can best 
apply his local knowledge o f his custom ers and possible customers, to devising 
plans for m eeting their needs without increasing his plant—plans increasing his 
customers o r their profits, and showing to his own satisfaction on his annual 
balance sheet.’®

3,1 Samuel Insull, “S tepping Stones o f Central-Station Development through T hree  Dec
ades," in Central-Station Electric Service, p. 3 5 1.

’’ On the adoption of W right’s ineler system, see Insull. “Memoirs," pp. 88-89; Seymour. 
"History o f  Com monwealth Edison," pp. 278-79.

30Canadian Electrical News, December 1894. p. 168.
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Figure V III.I5 . Load diagrams. 
Commonwealth Edison Co., 1907-8. From 
Insull, Central-Stalion Eleciric Service, 

/>. 56.

N ot on ly  c o u ld  s ta tio n  m a n a g e rs  p lo t business s tra teg y  usin g  th e  load factor, 
b u t m a n u fa c tu re rs  co u ld  as well. T h e y  cou ld  an tic ip a te  th e  k inds o f  m a
c h ines  a n d  ap p lian ces  th e  u tility  m a n a g e r  w ould  w ant to  have  availab le  for 
th o se  c u s to m e rs  w ho w ould  im p ro v e  th e  load  factor. F o r in stance , in the 
1920s, h o u seh o ld  ap p lian ces  w ere  p u sh e d  by m a n u fa c tu re rs  a n d  utilities. 
B efo re  W orld  W ar I, In su ll a n d  o th e rs  w ere cu ltiva ting  th e  trac tio n  (s tre e t
car, e leva ted  railw ay, subw ay, a n d  in te ru rb a n  lines) a n d  in d u s tr ia l,  o r  s ta 
tio n a ry -m o to r , loads. T h e  m a n u fa c tu re  o f  eq u ip m e n t in th ese  a rea s  was 
c o r re sp o n d in g ly  brisk.

T h e  rem ark ab ly  la rge  trac tio n  load  cu ltiva ted  by C om m o n w ea lth  Edison 
re flec ts th e  m an a g e m e n t s tra teg y  a d o p te d  by Insu ll a n d  his associates in
1901. By 1908, a y ea r fo r w hich statistics a re  available, th e  co m p an y ’s 
t rac tio n  load  was 65 p e rcen t o f  its sales. For several years this p e rcen tag e  
in creased  sligh tly  a n d  beg an  to  d ec lin e  on ly  a t th e  o u tb re a k  o f  W orld  W ar 
I as th e  p e rc e n ta g e  fo r la rge  po w er u sers  sw ung  rap id ly  u p w ard . (See Fig.
V I11.8, p . 2 13.) T h e  d isp ro p o rtio n a te ly  la rg e  trac tio n  load fo llow ed from  
C o m m o n w ea lth  E d iso n ’s decision  lo  lake  ad v an tag e  o f  an  o p p o r tu n ity  c re 
a ted  by th e  d e p a r tu re  fro m  C h icago  o f  C harles  T . Y erkes, th e  t ra n s p o r 
ta tion  m ag n a te , in 1901. W ith Y erkes no  lo n g e r  in th e  p ic tu re , s tre e tc a r  
an d  e lev a ted  railw ay o p e ra to rs  w ere free  lo  m ake  choices. In  th e  past, they  
had  constructed  and  o p era ted  th e ir  own pow er plants because Yerkes w anted 
th e  tra n sp o rta tio n  com p an ie s  he  co n tro lled  to  buy electric  g e n e ra tin g  
eq u ip m e n t fro m  th e  m a n u fa c tu re rs  he  con tro lled . (In su ll d id  no t have
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exclusive r ig lu s  in C h icag o  fo r  trac tio n  e q u ip m e n t as he  d id  fo r  pow er 
equ ipm en t.)-17

D raw ing  u p o n  th e  capac ity  o f  h is s ta f f  to  m ak e  statistical analyses, Insu ll 
had  d a ta  p re p a re d  sh o w in g  th a t th e  tra n sp o r ta tio n  co m p an ie s  cou ld  buy 
po w er m o re  in ex p en siv e ly  fro m  his co m p a n y  th a n  fro m  th e ir  ow n isolated 
plan ts. H is a d v a n ta g e  was th a t C o m m o n w ea lth  E d ison  co u ld  exp lo it d i
versity  o f  load  m o re  e ffec tive ly  th a n  c o u ld  iso lated  p lan ts , w ith th e ir  c o n 
ce n tra tio n  o n  o n e  type  o f  load . T o  p u l it d if fe re n tly , In su ll rea lized  th a t 
an  in c rea sed  tra c tio n  load  w ou ld  im p ro v e  his co m p a n y ’s load  fac to r a n d  
th e re b y  re d u c e  th e  u n it cost o f  p o w er p ro d u c e d . H is analysis o f  load  cu rves 
rev ea led  th a t th e  l ig h tin g , s ta tio n a ry -m o to r , a n d  trac tio n  loads p eak ed  at 
d if fe re n t  lim es d u r in g  th e  a v e ra g e  tw e n ty -fo u r-h o u r  p e r io d  a n d  th a t th e re 
fo re  th e  g e n e ra l-p u rp o s e  utility  co u ld  lak e  on  a trac tio n  load  w ith o u t in 
c reas in g  its g e n e ra tin g  capac ity  to  th e  sam e ex te n t. T h e  trac tio n  load  w ould 
c o n su m e  so m e  o f  th e  u n u se d  s ta tio n a ry -p o w e r a n d  lig h t-g e n e ra tin g  ca 
pacity  th a t was availab le  d u r in g  th e  early  m o rn in g  a n d  e v e n in g  ru sh  h o u rs . 
S im ilarly , th e  lig h tin g  a n d  s ta tio n a ry -p o w e r cu s to m e rs  w ou ld  u se  som e of 
th e  new ly in sta lled  capac ity  w hen  th e  trac tio n  load  d ec rea sed .

In su lt 's  co m p a n y  o b ta in e d  its f irst m a jo r  tra n s p o r ta t io n  c o n tra c t in 1902 
fro m  th e  L ake S tre e t E leva ted  R ailro ad  a n d  w ith in  a re la tively  sh o rt  tim e 
h ad  s ig n ed  c o n tra c ts  w ith all e lev a ted  railw ay  a n d  su rfa c e  s tre e tc a r  co m 
p an ies  in th e  c ity .38 T o  o b ta in  th e se  co n tra c ts , In su ll a n d  his salesm en 
n e g o tia te d  especially  low ra te s  w ith th e ir  la rg e  cu s to m ers . In  ab o u t 1910 
C o m m o n w e a lth  E d iso n ’s tra c tio n  ra te s  r a n g e d  fro m  less th a n  a cen t per 
k ilo w a tt-h o u r  do w n  to  fo u r - te n th s  o f  a cen t. T h e s e  ra te s  d if fe re d  from  
th o se  fo r  re la tively  sm all com m erc ia l a n d  re s id en tia l c u s to m ers , to  w hom  
a u n ifo rm  ra te  s c h e d u le  was a p p lie d . R eg u la rly  re d u c e d , th e se  u n ifo rm  
ra te s  d ro p p e d  fro m  tw en ty  cen ts  p e r  k ilo w a tt-h o u r  in 1892 to  ten  cen ts  in
1908. (T h e  a v e ra g e  ra te  fo r all classes o f  c u s to m e rs  d ro p p e d  fro m  tw enty  
cen ts  p e r  k ilo w a tt-h o u r  in 1892 to  tw o a n d  a h a lf  c en ts  in 1 9 0 1.)39 T h e  
co m p a n y ’s sm all c u s to m e rs  m ay have  c o m p la in e d  th a t they  w ere  subsid iz ing  
th e  low ra te s  fo r  th e  trac tio n  co m p an ie s , b u t C o m m o n w ea lth  E dison  w ould 
m ost likely have  a rg u e d  th a t th e  cost o f  e lec tric ity  in C h icago  fo r all cu s
to m ers  was below  th a t in m ost o th e r  la rg e  cities, a n d  th a t fu r th e rm o re ,  the  
prec ise  co stin g  o f  serv ice was a b o o k k e e p in g  dec ision .

In su ll’s in n o va tive  d ec is io n  in 1901 to  in tro d u c e  5,000-kw . tu rb in e s  in 
th e  Fisk S tre e t sta tio n  a n d  h is d ec is io n  to  sell e lectric ity  o n  a la rg e  scale to  
th e  tra n s p o r ta tio n  c o m p a n ie s  was in te r re la te d . H is a n tic ip a tio n  o f  th e  large- 
capacity  p o w er u n its  a n d  o f  low er g e n e ra tio n  costs fu e led  his co m p a n y ’s 
d riv e  fo r  th e  la rg e  cu s to m ers . A t th e  sam e lim e, ca re  a n d  fo re s ig h t w ere 
ex erc ised  to  avoid  s c h e d u lin g  new  d e m a n d  b e fo re  a d d itio n a l capacity—  
especially  th e  new  tu rb in e s— h ad  b e e n  in sta lled  a n d  sa tisfac to rily  tes ted . In  
th e  case o f  e lec tric  utilities, sales p re s su re — o r  th e  lack o f  it— signals idle 
capacity  o r  th re a te n e d  ove rlo ad .

37 McDonald, Insull, pp. 96-97.
3" Notes prepared  on 8 May 1926 by William E. Keily for a speech delivered by B. E. Sunny 

at the Franklin Institute in Philadelphia on the occasion o f the unveiling of a portrait o f 
Samuel Insull. p. 6, Insull Papers. Keily edited Insu lts two books o f speeches. Crnlral-Stalion 
Electric Service and Public Utilities in Modem Life.

3” McDonald. Insult, p. 104.
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M any b u sin essm en  co n s id e red  th e  rap id ly  in creasing  trac tio n  load  to  be 
the  im p o rta n t m ark e t lo r  e lectricity . T h e  o rig in a l nam es ol m a in  elet trit 
u tilities in c lu d ed  th e  w ord  "railw ay ." A lte r  1910 Instill saw th e  d a n g e r  ol 
th e ir  m yopic c o n c e n tra tio n  on  trac tio n , an d  th e  k ilo w a tt-h o u r sales o f  C o m 
m onw ealth  E dison  b egan  to  in c lu d e  an  inc rea sin g  p e rc e n ta g e  ol sales to 
la rge  in d u s tria l cu s to m ers  w ith w hom  special c o n trac ts  a n d  ra tes  w ere n e 
g o tia ted . A d is p ro p o r tio n a te  trac tio n  load  vio lated  In s tills  c o m m itm en t to 
diversity . By 1925 th e  c o m p a n y ’s la rge  s ta tio n a ry -p o w er a n d  lig h ting  loads 
a m o u n te d  to  40  p e rcen t o f  th e  to ta l, th e  trac tion  load only  32 p e rcen t: in 
1929 th e  fig u re s  w ere 47 p e rcen t lo r  th e  la rge  light a n d  p ow er cu sto m ers  
a n d  25 pe rcen t fo r trac tio n .'’0

Insu ll was d e te rm in e d  to  rep lace  all o f  C h icag o ’s iso lated  p ow er p lan ts, 
b o th  trac tio n  a n d  s ta tio n a ry , w ith his system . In May 1908 th e  Electrical 
World arid Engineer r e p o r te d  th a t “a lth o u g h  iso lated  p lan ts  a re  still n u m e r 
ous in C h icago , they  w ere n ev e r  so h a rd  p re ssed  by cen tra l sta tion  serv ice  
as now. . . . T h e  C o m m o n w ea lth  Edison  C o m p an y  has a m o n g  its c u s to m ers  
estab lish m en ts  fo rm erly  ru n  by som e o f  th e  largest iso lated  p lan ts  in th e  
city. . . . T h e  m a n u fa c tu r in g  d is tric ts  also have been  inv ad ed  a n d  all-day 
m o to r  load se c u re d .”'"  T h e  Electrical Review and Western Electrician c o n 
firm ed  th e  t re n d ,  n o tin g  th a t in ad d itio n  to  th e  g rea t g ro w th  in trac tion  
load  th e re  was an  in crease  in s ta tio n a ry -m o to r  load , in c lu d in g  a n u m b e r  
o f  sm alle r fac to ries  a n d  shops a n d  “a la rge  n u m b e r  o f  grea t m a n u fa c tu r in g  
an d  in d u s tria l p la n ts ." ''2 T es tify in g  b e fo re  th e  L o n d o n  C o u n ty  C ouncil m 
1914, Insu ll b o asted : "N ow  we d o  a big in d u stria l business. W e have six 
cu sto m ers  w ho buy  fro m  us 100 ,000 ,000  un its  a yea r." -13 T h is  a m o u n te d  
to  ab o u t o n e -te n th  o f  th e  to tal po w er g e n e ra te d  by C o m m o n w ealth  Edison 
in 1913. Insu ll also to ld  th e  L o n d o n  C o u n ty  C ouncil th a t his com pany , in 
sp en d in g  th e  e q u iv a len t o f  £100 .0 0 0  an n u a lly  to  get new  business, m atched  
th e  am o u n t sp e n t to w ard  this e n d  by all th e  u tilities in G rea t B rita in  an d  
Ire lan d . (O p p o n e n ts  o f  m un ic ipa lly  o w ned  com p an ie s  in B rita in  also c r it
icized th e ir  p o o r  sales e ffo rt.)

In  1909 th e  C o m m o n w ea lth  Edison  C o m p an y  o p e n e d  an  "E lectric S hop" 
in dow n to w n  C h icago . T h e  g ro u n d  floo r em p h asized  d om estic  app liances: 
th e  floo r below , an  “ In d u s tr ia l Pow er R oom " with a w ide variety  o f  m o to r- 
d riv en  m ach ines, in c lu d in g  la thes, d rills, p u n ch es, a n d  so o n .”  City en g i
nee rs  from  M elb o u rn e , A ustra lia , w ho s lo p p ed  in C hicago  on  th e ir  to u r  
o f  electric  su p p ly  businesses a n d  techno logy  cen te rs  in N o rth  A m erica  a n d  
E iiropc, found  the  “Electric Shop" a rem arkably  effective m arketing  schem e. 
T h e y  d id  n o t find  th a t in d iv idua l C h icagoans o r  A m ericans "h u s tled "  no-

“ Statistics from a set o f tables and graphs in the Insult Papers labeled "used in federal 
material"; sec especially pp. 7 and 7A. I have assumed that the figures lalx-led "railway" 
include all types of traction load.

31 “T he Systems and O perating Practice of the Commonwealth Edison Company ol Chi
cago," Electrical World and Engineer Dl (1908); 1023.

37 F. B. Bernhardt, "New Features o f Central Station Service in Chicago," Electrical llemew 
and Western Electrician 54 (1909): 975.

“ Testimony of Samuel Instill. 23 January 1914. in London County Council. Special Com
mittee on London Electricity Supply. 1913-14 (privately printed paper on tile in the Mctv Sc 
McLcllan Co. Archives, Ambcrly, Killingworlh, near Newcastle u|x>n Tyne. England), p. 7.

33 "The Chicago 'Electric Shop.' " Electrical World and Engineer 53 (1909): 084-89.
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liceably m o re  th a n  in d iv id u a ls  e lsew h ere  in th e  w orld ; w hai im p ressed  th em  
was th e  o rg a n iz e d  “h u s tlin g ” they  o b se rv ed . (“O f  in d iv idua l hu stle  little 
was to  be seen , b u t o f  e ff ic ie n t o rg an isa tio n  th e re  was a g re a t d e a l.”)45 T h ey  
w ere  also im p re sse d  by C o m m o n w e a lth  E d iso n ’s co n tra c t a g en t, w ho was 
g en e ra lly  re sp o n s ib le  fo r  sales a n d  w ho  em p lo y ed  five assistan ts a t $3 ,000  
an n u a lly , o n e  o f  w hom  c o n c e n tra te d  en tire ly  on  sales to  very  la rg e  c o n 
su m e rs  w ith iso la ted  p lan ts . T h e y  also  to o k  n o te  o f  th e  co m p a n y ’s 125 
sa le sm en , o r  so lic ito rs, w ho  d id  can v assin g  fo r  an  a n n u a l w age o f  $1 ,000  
p lus  com m issions. T h is  sales m a c h in e ry  im p re sse d  th e  A u s tra lian s .46

C o m m o n w ea lth  E d iso n  also  m a d e  g o o d  use o f  n e w sp a p e r  a n d  p eriod ica l 
a d v e r tis in g  a n d  public ity . It p u b lish e d  th e  n am es o f  th e  la rg e  in d u s tria l 
cu s to m e rs  it in c o rp o ra te d  in to  its system  a n d  ra n  n e w sp a p e r  a d v e r tisem en ts  
ap p e a lin g  to  “ M r. P riva te  P lan t O w n e r .”47 B eg in n in g  in J a n u a ry  1912, a 
le ad in g  t r a d e  p e rio d ica l, th e  Electrical R eview  and  Western Electrician, c a rr ie d  
a se ries  o f  a r tic les  o n  th e  in tro d u c tio n  o f  s ta tio n a ry  p o w e r in in d u s try . 
B e tw een  20  J a n u a ry  1912 a n d  7 F e b ru a ry  1914, th ir ty - fo u r  m a jo r a rtic les 
a p p e a re d ,  a n d  h a lf  o f  th e se  d e a lt  specifically  w ith  C h icag o  in d u s tr ie s , n ine  
o f  w hich  w ere  id e n tif ie d  as b e in g  s u p p lie d  by C o m m o n w e a lth  E d ison . M any 
o f  th e se  a rtic les  p ro b ab ly  o r ig in a te d  w ith  C o m m o n w e a lth  E d ison , a p rac tice  
th a t was n o t u n u su a l a m o n g  tra d e  j o u rn a ls .48

By p ro v id in g  in ex p en s iv e  a n d  co n v e n ie n t p o w er, b o th  s ta tio n a ry  a n d  
tra c tio n , C o m m o n w e a lth  E d ison  e n h a n c e d  C h icag o ’s a ttrac tiv en ess  to  in 
d u s try . As In su ll said  in  o n e  o f  his m an y  ad d re sse s , C h icag o ’s g rea tn ess  
d e p e n d e d  on  o u ts ta n d in g  le a d e rs  a n d  m a te r ia l ad v a n ta g e s , a n d  a m o n g  th e  
la tte r  “th e  possib ility  o f  p ro c u r in g  c h e a p  e lec tric  p o w e r is m ost im p o r
ta n t." 49 T h a t  h e  m a d e  th is e x tra v a g a n t c laim  fo r  e lec trific a tio n  as ea rly  as

1’ City of M elbourne. Cily Electrical Engineers’ Notes on Tour Abroad (M elbourne, Australia. 
19 12), p. 26.

'"i Ibid.. p. 27.
17“Elcctric Service in Chicago." Electrical World and Engineer 61 ( 19 13): 1144.
1BT he  following industrial custom ers were listed in these articles as taking power from 

Com monwealth Edison: H afner Furn itu re . Palmer House L aundry, Empire Mattress Co.. 
C arden City Sand Co.. Bunte Bros.. Roberts Sash 8c Door Co., Daniel B urkhartsm eicr Coop
erage Co., A. O. Fisher Co.. M orand Bros., Imperial Leather M anufacturing Co., and E. B. 
Miller 8c Co.

Listed as Com monw ealth Edison custom ers in "Electric Service in Chicago." Electrical World 
and Engineer 61 ( 19 13): I 137—15. were L. W olff M anufacturing Co. (plum bers’ supplies). 
Crane Co. (pipes, valves, fillings), Joseph T . Ryerson 8c Son, Ajax Forge Co.. Union Drop 
Forge Co., Vierling Steel Works. Federal Engraving 8c Colortype Co., Oscar Hcineman Co. 
(silk m anufacturers), and H ugo D tiBrork 8c Co. (m aker o f shirtwaists).

In addition, "Electric Service in Chicage Suburbs." ibid., pp. 1243-54. listed the following 
as the company's customers: A merican Brake Shoe Foundry, Melrose Park; Bliss 8c Laughlin, 
Harvey; Chicago H ardw are Foundry Co.. N orth Chicago (esi. in Chicago area 1902. but 
according to Moody's Industrials. 1912); Edgar Allen A merican Manganese Steel Co., Chicago 
Heights; Franklin Park Foundry Co.. Franklin Park; King 8c Andrews Co., Chicago Heights; 
T he  Buda Co., Harvey; Central Locomotive 8c Car W orks. Chicago Heights; Cyclone Fence 
Co., N orth Chicago; Forsyth Bros. Co., N orth Chicago; Victor Chemical Co., Chicago Heights; 
United Car Co., Chicago H eights; Vulcan Louisville Smelling Co.. N orth Chicago; Acme 
Brick Co.. Chicago Flcights; W hiteacre Fire proofing Co.. Chicago Heights; and Dolesc 8c 
Shepard, Hodgekins.

I am indebted to Barbara Kimmelman o f the University o f  Pennsylvania for this compilation.
'M r. Insull on the Sale o f Electric Energy in Chicago," Electrical World and Engineer 54 

(1909): 1024.
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1909 is n o tab le , even  th o u g h  he  m ad e  it b e fo re  an  a u d ien ce  as sym pathe tic  
as th e  E lectric (T u b  o f  C hicago . C h e a p  electric  p ow er a ttrac ted  in d u s try  to 
th e  city in (he way th a t n a tu ra l re so u rces  d rew  in d u s try  to  th e  co u n try sid e . 
A fte r th e  ex p lo ita tio n  o f  N iagara  Falls, m any o f  In su lls  co n tem p o ra r ie s  
n a tu ra lly  a ssu m ed  th a t w ater po w er w ould  becom e th e  focus o f  a c lustei 
o f  ind u strie s . H ow ever, th e  com b in a tio n  o f  a large, co n c e n tra te d  m arke t 
a n d  ch e a p  electric ity  in th e  n a tio n 's  la rg e  cities h ad  a m o re  po w erfu l, il 
less d ram a tic , a ttra c tio n  lo r  in d u s try .50 T his tre n d  was iron ic  in tha t som e 
v isionaries, in c lu d in g  P e te r K ro p o tk in  in 1899 a n d  F .bcnezer H o w ard  in 
1902, h ad  p re d ic te d  (hat transm ission  o f  e lectric  pow er w ould  d isp e rse  the 
p o p u la tio n  across th e  g re e n  c o u n try s id e .51

By eq u ip p in g  p ro d u c tio n  a n d  d is trib u tio n  facilities w ith la rge , h igh-ef- 
ficiency un its , in c rea s in g  th e  C h icago  system ’s d iversity  a n d  load factors, 
a n d  a d o p tin g  a m e te r in g  system  th a t re flec ted  th e  p rin c ip le  o f lo a d  factor, 
Insu ll a r tic u la te d , c la rified , a n d  syn thesized  m any  techno log ical a n d  eco 
nom ic p rin c ip le s  d u r in g  his first two d ecad es at C om m o n w ea lth  Edison. 
M oreover, by 1914 his co n cep ts  h ad  b ro u g h t an  o rd e r  th a t e m b raced  even 
m o re  co m plex  a n d  abstrac t variables. For exam p le , he ex p lica ted  th e  r e 
la tio n sh ip  be tw een  k ilo w att-h o u rs  sold p e r  cap ita , a u tility 's incom e per 
k ilo w att-h o u r so ld , a n d  a system 's an n u a l load facto r. For p u rp o ses  ol 
co m p ariso n  he  chose  th e  m u n ic ip a l u tilities o f  la rg e  A m erican  cities. B erlin , 
a n d  L o n d o n . (In su ll, w ho h ad  close con tacts ab ro ad , o ften  co m p a re d  c o n 
d itions in A m erica  w ith those  in E n g land  a n d  G erm an y .) A cco rd ing  to his 
analysis, as th e  incom e p e r  k ilo w a tt-h o u r fell, th e  o u tp u t p e r  cap ita  in 
c reased ; c o rre sp o n d in g ly , as th e  incom e p e r  k ilo w att-h o u r d ec reased  and  
th e  o u tp u t p e r  cap ita  in c reased , th e  load fac to r increased . O f  th e  system s 
Insu ll an a lyzed , th e  o n e  at N iag a ra  Falls h ad  th e  h ighest o u tp u t p e r  cap ita , 
th e  lowest incom e p e r  k ilo w att-h o u r, a n d  th e  best load facto r; L ondon  had  
th e  po o rest. C h e a p  hyd ro e lec tric  po w er a n d  a w ide a rea  o f  transm ission  
e x p la in ed  th e  d a ta  on  N iagara ; L o n d o n  h ad  d isp e rsed , sm all g en e ra tin g  
s ta tions a n d  a rela tively  sm all in d u s tria l (o r m o to r) load , am ong , from  
Insu ll's  p o in t o f  view, o th e r  p rob lem s. Insu ll took  satisfaction  in po in tin g  
o u t th a t d e sp ite  its d e p e n d e n c e  on  th e rm a l p lan ts, C hicago  co m p ared  fa
vorably with N iagara  and  San Francisco, which utilized hydroelectric |jow cr.5a 
(See Fig. IX. 10, p. 259.)

Insu ll usually  h ad  at his f in g e rtip s  an  im pressive a rray  o f  statistical d ata . 
Besides w hat has been  n o ted , he  cou ld  cite fo r C o m m o n w ealth  E d ison— 
a n d  o f ten  fo r o th e r  u tilities— total cap ita lization  year by year (g row th  was 
steady  u n til 1930); th e  n u m b e r o f  th e  co m p an y ’s custom ers  an d  th e  size 
o f  C h icag o ’s p o p u la tio n  (the  fo rm e r  in creasin g  m o re  rap id ly  th an  th e  la tte r, 
again  un til 1930); th e  g ross o p e ra tin g  rev en u e  a n d  to ta l o p e ra tin g  e x penses 
o f  th e  co m p an y ; its to tal payro ll: th e  conn ec ted  load by class o f  co n su m er

’"A fter I860 the availability of steam power ill the urban centers of ilic United States drew 
industry away from the countryside with its waler-|Ktwcr sites, into the urban renters located 
at the crossroads of transportation systems. Louis H unter, Waterpower: A History of Industrial 
rawer in the United Stales, 1780-1930 (Charlottesville: University I’ress ol Virginia. 1979). pp. 
<185-90.

”  lew is M untford, The City in History (New York: H arcoun, Brace &• World, 1961), pp. 
514-24.

’'In su ll. "Centralization." pp. 461-63.
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(especially  a b reak d o w n  in to  ligh t, s ta tio n a ry  po w er, a n d  railw ay); taxes; 
a n d  in te re s t ch a rg es  (see Figs. V I I I .8 a n d  V I I I .9, p. 213).

In su ll’s b len d  o f  tech n o lo g y , fin an ce , m a n a g e m e n t, a n d  e n tre p re n e u r ia l  
d riv e  was by n o  m ean s  e x h a u s te d  in th e  m ass p ro d u c tio n  o f  ch e a p  e lectric ity  
fo r  C h icago . As ea rly  as 1910 In su ll ap p lie d  his con cep ts , te ch no logy , an d  
m anagerial techn iques to  sm all-tow n an d  ru ra l electrification in Lake C ounty, 
Illinois. H is b io g ra p h e r ,  F o rre s t  M cD onald , believes th a t “ th e  L ake  C o u n ty  
e x p e r im e n t was th e  first d e m o n s tra tio n  a n y w h e re  th a t system atized  electric  
serv ice  was econom ica lly  a n d  techn ica lly  possib le  in la rg e  a rea s , ru ra l as 
well as u rb a n . T h e  new s o f  it e x p lo d e d  u p o n  th e  in d u s try .”' 3 T o  fulfill his 
co n cep t o f  an  in te g ra te d ,  c en tra lly  su p p lie d  system , In su ll a c q u ire d  isolated 
u tilities se rv in g  sm all tow ns a n d  I h e ir  vicinities, sh u t do w n  th e ir  ineffic ien t 
g e n e ra tin g  p lan ts , e re c te d  su b s ta tio n s , a n d  su p p lie d  electric ity  f ro m  a few 
la rg e  g e n e ra tin g  p lan ts  by m ean s  o f  tran sm iss io n  lines. By 1911 he  had  
o rg a n iz e d  th e  e n tire  L ake C o u n ty  e n te rp r is e  in to  th e  Public Serv ice C o m 
pan y  o f  N o r th e rn  Illinois. By 1923 th e  co m p a n y  was su p p ly in g  a te rrito ry  
o f  6 ,0 0 0  sq u a re  m iles a n d  195 co m m u n itie s . In  th e  p ro cess  fifty-five m u 
n icipal o r  p r iva te ly  o w n ed  e lec trica l p lan ts  w ere  sh u t do w n  o r  d ism an tled  
an d  re p la c e d  by su b s ta tio n s  a n d  875  m iles o f  h ig h -ten s io n  transm ission  
lines fro m  fo u r  la rg e , e ffic ien t ce n tra l  s ta tio n s .54

A fte r  successfu lly  in te rc o n n e c tin g  th e  c e n tra l s ta tio n s  o f  a C h icag o  utility , 
an d  in te rc o n n e c tin g  L ake C o u n ty  u tilities physically  by h ig h -v o ltag e  tra n s 
m ission  lines a n d  th e n  o rg an iza tio n a lly  by m e rg e r  o r  acq u is itio n , Insu ll 
c o n tin u e d  to  e x p a n d  by m ean s o f  th e  h o ld in g -c o m p a n y  s tru c tu re . By the 
m id -tw en ties , w h en  h o ld in g  co m p an ie s  w e re  flo u rish in g  in th e  A m erican  
utilities fie ld , In su ll o p e ra te d  o n e  o f  th e  la rg est, th e  M idd le  W est U tilities 
C o m p an y , w hich h a d  su b s id ia rie s  in n in e te e n  sta tes. T h is  co m p an y  su p p lied  
8 p e rcen t o f  th e  co m m erc ia l to ta l o f  k ilo w a tt-h o u rs  fo r  th e  U n ited  S la tes .55



C H A P T E R  I X

London: 
The Primacy 
of Politics

C o m p a r e d  to  C h icag o  a n d  B erlin , L o n d o n  was a b ackw ard  m etropo lis 
in th e  early  tw en tie th  cen tu ry . E lectric po w er was believed  to  be the 

h a llm ark  o f  p ro g re ss  in e n lig h te n e d  cities like C hicago  a n d  B erlin , and  
L o n d o n  h ad  no tab ly  little o f  it. F u r th e rm o re , L o n d o n ’s electrical supply  
in d u s try  was d iso rd e re d  a n d  sm all-scale in a tim e o f  ra tio n a liza tio n  an d  
m ass p ro d u c tio n . C h icag o  a n d  B erlin  each  h ad  a cen tra liz ed  ligh t a n d  pow er 
system  su p p ly in g  th e  e n tire  city fro m  a h a n d fu l o f  m o d e rn  po w er sta tions: 
G re a te r  L o n d o n  h ad  sixty-five e lectrical u tilities, seventy  g e n e ra tin g  s ta tions 
av e rag in g  on ly  5 .285  kw. in capacity , fo rty -n in e  d iffe re n t types o f  supply 
system s, ten  d if fe re n t freq u en c ie s , th irty -tw o  voltage levels fo r transm ission  
an d  tw e n ty -fo u r  fo r  d is tr ib u tio n , a n d  ab o u t seventy  d if fe re n t m e th o d s o f 
charg ing  an d  p ric in g .1 L ondoners  who could a ffo rd  electricity toasted bread 
in th e  m o rn in g  w ith o n e  k in d , lit th e ir  offices w ith a n o th e r , visited associates 
in n ea rb y  o ffice  bu ild in g s u sing  still a n o th e r  variety , a n d  w alked hom e 
a lo n g  s tree ts  th a t w ere illu m in a ted  by yet a n o th e r  k ind . T h is  was a n ig h t
m are  fo r th e  su p p lie r  o f  e lec tric  lam ps a n d  ap p liances; in te re s tin g  p rob lem s 
aro se  w hen  o n e  m oved o n e ’s h o m e  o r  business. L o n d o n 's  en g in ee rs  an d  
bu sin essm en  m ad e  such  re m a rk s  as “T h e  largest city in th e  w orld o ffe rs  
an  exce llen t e x a m p le  o f  w hat e lectric  supp ly  o u g h t no t to  be" a n d  “W hat 
exists in L o n d o n  to-day  is h a rd ly  w o rth  ta lk ing  a b o u t." 2 By W orld  W ar I, 
L o n d o n ’s p ro g re ssiv e  citizens w ere w aiting  eagerly  fo r th e  city to  get in 
s tep  a n d  catch  up .

T h o se  w ho eq u a le d  techno log ical ch an g e  w ith p ro g re ss  an d  w an ted  to 
stim u la te  rem ed ia l activity r e fe r re d  to  th e  C h icago  an d  B erlin  utilities as 
m odels o f  techno log ica l a ch ievem en t in lam en tin g  th e  s ta te  o f  affa irs  in 
L o n d o n . C loser a t h a n d  was a n o th e r  e x em p la r, th e  electric  supp ly  system  
on  th e  n o rth e a s t coast o f  E n g lan d . A m ong  those  w ho testified  b e fo re  Par-

1 These statistics are Tor the year 1913. Sec London County Council, llrfinrl on London 
Electricity Sufifily. p repared by Mcrz Sc McLellan (London, 1914). app. 2. pp. 37. 38

’ “Electrical Development in England," Electrical World 82 (1923): 1056. See also testimony 
of Charles I I. Mcrz, 6 June  1913, in London County Council, "Special Com mitter on London 
Electricity Supply, 1913-14" (privately printed paper supplied to council mrml>crs for their 
information only), p. 8: copies in Mcrz Sc Mcl.cllan Co. Archivrs, Ainbcrlry. KilliiiKwonh, 
near Newcastle upon Tyne. F inland.
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liam en l, th e  L o n d o n  C o u n ty  C o uncil, a n d  e n g in e e r in g  society com m ittees  
on  th e  sub jec t o f  e lec tric ity  in L o n d o n  w ere  S am uel In su ll o f  C hicago , 
G e o rg  K lin g en b c rg  o f  B e rlin , a n d  C h a rle s  M erz o f  th e  N ew castle u p o n  
T y n e  E lectric  S u p p ly  C o m p a n y . M erz a n d  In su ll w ere th e ir  respective 
c o u n tr ie s ’ le a d in g  sp o k e sm e n  fo r  la rg e  e lec tric  p o w er system s. T h e y  w ere 
g o o d  fr ie n d s , e x c h a n g e d  e n g in e e r in g  a n d  m an ag e ria l in fo rm a tio n , and  
la m e n te d  th e  s itu a tio n  in L o n d o n . M erz u sed  C h icag o  a n d  his ow n distric t 
as m o d els  fo r L o n d o n  a n d  ca lled  o n  S am u e l In su ll to  ex p la in  to  L o n d o n e rs  
his en v iab le  success in C h icag o . G e o rg  K lin g en b e rg  also  was b ro u g h t to 
L o n d o n  to  tell th e  city how  back w ard  it was e lectrically . K lin g en b e rg ’s 
a u th o rity  cam e  fro m  his p o sitio n  as c h ie f  e n g in e e r  fo r  p o w er system s for 
A llg em e in e  E lek triz iia is-G ese llsch afl, th e  e lectrical m a n u fa c tu r in g  com 
p an y  th a t a lso o w n ed  a n d  o p e ra te d  th e  B erlin  utility .

O n  th e  eve o f  W o rld  W ar I, M erz, In su ll, a n d  K lin g en b e rg  all testified  
to  L o n d o n ’s re t ro g ra d e  co n d itio n . (See Fig. 1.5, p . 16.) M erz also  p re p a re d  
a re p o r t  fo r th e  L o n d o n  C o u n ty  C o uncil su g g es tin g  ways to  re fo rm  the 
e lec tric  su p p ly  in d u s try  in th e  m e tro p o lis . S p e a k in g  in L o n d o n , In su ll, who 
was m in d fu l o f  E ng lish  civility, tac tfu lly  av o id ed  m ak in g  any  exp lic it co m 
p a riso n s ; h e  s im ply  sh o w ed  how  a d v an ced  h is C h icago  syslem  was. Back 
in A m erica , h o w ev er, he  d isp lay ed  a c h a r t  th a t rev ea led  L o n d o n ’s p lace in 
th e  h ie ra rc h y  o f  th e  e lec trica l su p p ly  w orld . H is g ra p h  show ed  th a t o f  ten 
le a d in g  W este rn  cities, in c lu d in g  C h icag o  a n d  B erlin , L o n d o n  h a d  the 
low est o u tp u t  o f  e lec tric ity  p e r  cap ita , th e  h ig h est utility  in co m e p e r  kilo
w a tt-h o u r , a n d  th e  low est load  fa c to r .3 T h e s e  w ere  th e  a n tith e se s  o f  A m e r
ica’s m ass-p ro d u c tio n  style. In su ll, a ch a m p io n  o f  A m erican  m ass p ro d u c 
tion  (w h e th e r  o f  kilow atts o r  m ech an ica l g ad g e ts), was ap p a lle d  to  find  that 
m ost L o n d o n  u tilities m a n a g e rs  w ere  c o n te n t to  e a rn  a h ig h  ra te  o f  re tu rn  
o n  a re la tively  sm all in v es tm en t fro m  p ro f its  th a t w ere d is tr ib u te d  over 
re la tively  few un its.

M erz n e v e r  t ire d  o f  d e sc r ib in g  th e  ir ra tio n a lity  o f  e lec tric  su p p ly  in  L o n 
d o n . In  1913 he  ad v ised  th e  L o n d o n  C o u n ty  C o u n cil th a t i f  L o n d o n  used 
e lec tric ity  o n  th e  sam e scale as C h icago , co n su m p tio n  w ould  rise  th ree fo ld . 
H e  said : “W e use  . . .  an  a b su rd ly  sm all a m o u n t o f  electric ity . . . . we o u g h t 
to  be first, n o t s eco n d , o r  th ird ,  o r  last; a n d  1 am  a fra id  th a t a t th e  p re sen t 
ra te  o f  p ro g re s s  th e re  is very  g re a t d a n g e r  o f  o u r  n o t on ly  b e in g  last, but 
o f  o u r  re m a in in g  la s t.'”1

K lin g en b e rg , in a p a p e r  re a d  in 1913 b e fo re  th e  In s titu tio n  o f  Electrical 
E n g in e e rs  in L o n d o n , also c o m p a re d  L o n d o n  w ith C h icago  a n d  B erlin . H e 
to ld  his au d ie n c e  th a t u se  o f  e lec tric ity  in L o n d o n  was on ly  110 kwh. p e r 
cap ita  as c o m p a re d  to  310  kw h. in C h icag o  a n d  170 kw h. in B erlin .3 H e 
n o ted  th a t L o n d o n  h a d  th e  m o s t-fra g m e n te d  su p p ly  syslem  o f  th e  th re e  
cities. H e  also re p o r te d  th a t L o n d o n ’s p o w er p lan ts  w orked  th e  least eco-

4 Insult's da la arc presum ed to be lo r public supply and for (lie year 1913 or 1914. See 
Samuel Insull, "Centralization of Energy Supply," an address given in New York on 20 April 
19 14 and published in his Central-Station Electric Service: Its Commercial Development and Economic 
Significance as Set Forth in the Public Addresses (1897-1914) o f Samuel Insull. ed. William E. Keily 
(Chicago: Privately printed, 1915). p. 401.

4 London County Council, Report (1913-14). p. 3.
'G e o rg  Klingenberg. "Electricity Supply in U rg e  Cities." The Electrician 72 (1913): 398- 
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nom ically . Fo llow ing his c o m p ara tiv e  analysis, K lin g cn b e rg  v o lu n tee red  a 
p lan  to  m ake L o n d o n  m o re  like B erlin  a n d  C hicago . H is p a p e r  c rea ted  a 
s tir  am o n g  th e  B ritish  e n g in e e rs ; w hile som e cited  it as m o re  ev idence  of 
th e  n eed  fo r  re fo rm , o th e rs  d e fe n d e d  L o n d o n  by in te rp re tin g  th e  statistics 
d iffe ren tly . F o r ex am p le , th e  statistics fo r  th e  cen tra lized  B erlin  a n d  C h i
cago  system s in c lu d ed  a su bstan tia l supp ly  o f  p ow er fo r  trac tio n , but this 
was no t th e  case in L o n d o n , w h e re  trac tio n  load  was su p p lied  m ostly by 
iso lated , p riv a te  p lan ts. O th e rs , how ever, a rg u e d  th a t th e  fact th a t trac tion  
was no t su p p lie d  by public  p ow er sta tions in L o n d o n  was an  ad d itio n a l 
in d ica tion  o f  th e  n eed  fo r a cen tra liz ed  system . T h e  e d ito r  o f  th e  trad e  
jo u rn a l  The FAeclncian h e a rd  th e  various a rg u m e n ts  an d  th en  sided  with 
those  w ho fo u n d  L o n d o n ’s electric ity  su p p ly  “th e  m ad d est sort o f  p e r 
fo rm an ce .

In  1913 L o n d o n  was th e  la rgest city in th e  W estern  w orld . T h e  p o p u la tio n  
o f  G re a te r  L o n d o n  was 7.25 m illion ; G re a te r  B erlin  h ad  a p o p u la tio n  ol 
on ly  3 m illion ; C h icago  c o u n te d  ab o u t 2 m illion: Paris, nearly  3 m illion; 
a n d  New Y ork, 5 m illion .7 T h e  City, th e  sm all financial d istric t in th e  heart 
o f  L o n d o n , re m a in e d  th e  financial h e a r t  not on ly  o f  th e  enVpire bu t o f  the  
w orld as well. The p o rt o f  L o n d o n  still d rew  the  w orld 's largest an n u a l 
to n n ag e .

T h is  g re a t city h ad  an  ex trem e ly  com plica ted  ad m in is tra tiv e  s tru c tu re  
th a t d e f ie d  co m p re h e n s io n  by n o n -L o n d o n e rs  a n d  re fo rm -m in d e d  L o n 
d o n e rs  alike. T h e  co m plex  s tru c tu re  h ad  a long  history  a n d  was re in fo rced  
by a s tro n g  respec t fo r  trad itio n . L o n d o n 's  p lu ralistic  a n d  historic  a d m in 
istra tive s tru c tu re  d eep ly  a ffec ted  th e  g ro w th  o f  th e  electric  supp ly  ind u stry  
th e re .

O n  th e  local g o v e rn m e n t level, electric ity  su p p ly  in L o n d o n , as e lsew here 
in E n g lan d , was u n d e r  th e  ju risd ic tio n  o f  local a u th o ritie s , a com plex  a rray  
o f  ad m in is tra tiv e  un its. A fte r  p assage o f  th e  Local G o v e rn m en t Act o f  1888, 
these  a d m in is tra tiv e  un its , o r  local au th o ritie s , in c lu d ed  coun ties, m unicipal 
b o ro u g h s , a n d  p arish es. As w ould  be ex p ec ted  in a co u n try  so sensitive to 
h isto ry , th e re  w ere n u m e ro u s  anom alies  th a t deH ed taxonom ic  analysis. 
T h e  s itu a tio n  in L o n d o n , fo r in stance , involved excep tions. T h e  City o f  
L o n d o n , 673 acres  o f  financial activity, was o n e  o f  th e  local au th o ritie s  o f  
G re a te r  L o n d o n , a n d  o n e  w ith su bstan tia l a u to n o m y  an d  in fluence. T h e  
C ity a n d  tw en ty -e igh t o th e r  local au th o ritie s  (m unicipal bo ro u g h s) m ade  
u p  th e  s tru c tu re  o f  th e  A d m in is tra tive  C o un ty  o f  L on d o n , w hich at the 
tu rn  o f  th e  c e n tu ry  was a p a r t  o f  G re a te r  L on d o n . In  1888 a m ove tow ard  
cen tra liz ed  au th o rity  fo r L o n d o n  was m ad e  th ro u g h  th e  c rea tio n  o f  the  
L o n d o n  C o u n ty  C ouncil, w hose m em b ers  w ould be e lected . The council's  
ju risd ic tio n a l asp ira tio n s in c lu d ed  th e  coun ties  o f  L ondon , M iddlesex, and  
p o rtio n s  o f  fo u r  o th e r  counties. T h e  p ow er o f  th e  co un ty  council was

" Ibid. J. F. C. Snell presented llie London situation more favorably in the ensuing dis
cussion (see ibid.. p. <100). T he editorial appeared on p. 393 of the same issue.

7 T be population count depended upon the area being defined as the city. Greater London, 
for instance, included not only the County of London, with an area o f I 17 square miles, but 
also the whole of Middlesex County and pans of four other contiguous counties, or an 
additional 693 square miles. Tbe radius o f Greater Berlin extended ten miles from city renter, 
but "old" Berlin was smaller and its population was about 2 million.
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cha llen g ed  by I he local au th o rit ie s , o r  th e  co u n ties , b o ro u g h  councils, and  
th e  City.

T h e  fu n c tio n in g  o f  th e  a g g re g a te  o f  ad m in is tra tiv e  a u th o ritie s  was fu r 
th e r  co m plica ted  by P a r lia m e n t's  p ow ers, which in c lu d ed  th e  a u th o rity  to 
enac t leg isla tion  d e f in in g  e lec tric  su p p ly  u n d e rta k in g s  (p rivately  ow ned  
com p an ie s  a n d  g o v e rn m e n t-o w n e d  e n te rp r ise s )  a n d  e s tab lish ing  th e  co n 
d itio n s o f  r eg u la tio n . T h e  p a r lia m e n ta ry  legisla tion  a ffec tin g  electrical su p 
ply in th e  co u n try  a n d  in L o n d o n  co nsis ted  o f  a se ries  o f  en ac tm en ts . 
G enera lly , each  o f  th e  e lec tric  lig h tin g  (la te r, pow er) acts was passed  fol
low ing  th e  d e lib e ra tio n s  o f  a p a r lia m e n ta ry  com m ittee . T h e  com m ittees  
w ere fo rm e d  w hen  P a rliam en t d e e m e d  th a t th e  s ta te  o f  th e  te ch no logy  had  
c h a n g e d  to  th e  e x te n t th a t th e  in tro d u c tio n  o r  m od ifica tio n  o f  reg u la tio n s 
was necessary . U sually , h o w ev er, th e  leg is la to rs  w ere u n ab le  to  k eep  pace 
w ith th e  in v en to rs  a n d  en g in ee rs . T h e  firs t E lectric  L ig h iin g  Act (see pp . 
5 8 -6 1  above) cam e in 1882 a f te r  a c o m m ittee  h e a d e d  by L yon Playfair 
d ec id ed  th a t e lectric ity  su p p ly  e n te rp r is e s  w ere o f  su ffic ien t im p o rt to  re 
q u ire  s ta tu to ry  re co g n itio n  a n d  re g u la tio n . T h e  act o f  1882 en ab led  the 
B o a rd  o f  T ra d e ,  a d e p a r tm e n t  o f  th e  c e n tra l g o v e rn m e n t, to  g ra n t p ro 
visional o rd e rs  fo r e lec tric  su p p ly  to  local g o v e rn m e n t a u th o ritie s  o r  to 
p riv a te  co m p an ie s . Provisional o rd e rs  by -passed  th e  ex p en siv e  a n d  tim e- 
c o n su m in g  p riv a te  bill in P a rliam en t, b u t a f te r  issuance h ad  to  be c o n firm ed  
by P a rliam en t. T h is  law, in th e  o p in io n  o f  p r iv a te  e n te rp r is e , stifled  the 
d e v e lo p m e n t o f  th e  e lec tric  su p p ly  in d u s try  b ecause  th e  p rov is iona l o rd e rs  
p ro v id e d  th a t p riv a te  co m p an ie s  co u ld  be p u rc h a se d  a f te r  tw en ty -o n e  years 
u p o n  d e m a n d  o f  th e  local a u th o r ity  w ith in  w hose te r r ito ry  th e  com pany  
su p p lied  electric ity . T h e  E lectric  L ig h tin g  Act o f  1888, th e  prov isions of 
which w ere re c o m m e n d e d  by a n o th e r  p a r lia m e n ta ry  com m ittee , e x te n d e d  
th is p e r io d  to  fo rty -tw o  years, b u t left e lec tric  su p p ly  in  th e  h a n d s  o f  local 
a u th o ritie s , such  as th e  m u n ic ip a l b o ro u g h s  o f  L o n d o n , o r  w ith p riva te  
co m p an ie s  w hose te r r i to ry  was co ex ten siv e  w ith th a t o f  th e  local au th o rity . 
Political b o u n d a r ie s  c o n tin u e d  to  d e f in e  th e  ra n g e  o f  techno logy .

F u r th e r  p a r lia m e n ta ry  d e lib e ra tio n s  a n d  dec isions a ffec ted  electric  su p 
ply follow ing  th e  d e v e lo p m e n t o f  th e  u n iv ersa l p o w er a n d  ligh t system  in 
th e  1890s. B ecause th e  B ritish  e lec tric  su p p ly  u n d e r ta k in g s  (p riv a te  co m 
p an ies  a n d  lo ca l-au th o rity -o w n ed  e n te rp r is e s )  w ere not in tro d u c in g  th e  new 
system  to  th e  e x te n t it was b e in g  a d o p te d  a b ro a d , a jo in t com m ittee  o f  b o th  
houses  o f  P a rliam en t in 1898  in v estig a ted  a n d  re c o m m e n d e d  m od ifica tions 
in th e  E lectric L ig h tin g  Act o f  1882 a n d  th e  a m e n d in g  act o f  1888. T h e  
com m ittee , h e a d e d  by V iscoun t C ross, rec o m m e n d e d  th a t a u th o rity  be 
given to  utilities to  su p p ly  p o w er in bu lk , o r  w holesale , to  o th e r  u n d e r ta k 
ings, w h eth er privately o r  local-authority  ow ned. It was expected  that sm aller 
en te rp r is e s  located  in th e  te r r ito ry  a ssigned  to  th e  la rg e  p o w er u n d e rta k in g s  
w ould  th u s  d is tr ib u te  th e  p o w er to  c o n su m ers . The p o w er u n d e rta k in g s  
cou ld  also su p p ly  p o w er— not ligh t— d irec tly  in d is tric ts  w h e re  no  supp ly  
u n d e r ta k in g  ex is ted . P arliam en t th e n  p ro c e e d e d  to  enac t a n u m b e r  o f  bills 
estab lish in g  th e  po w er u n d e rta k in g s , m ost o f  w hich w ere  p riv a te  co m p a
nies. T h e  bills w ere  all o p p o se d  by local au th o ritie s , bu t they  inc luded  
clauses rec o m m e n d e d  by a M ouse o f  C o m m o n s com m ittee  h e a d e d  by Sir 
Ja m e s  K itson s ta tin g  tha t p o w er sh o u ld  no t be su p p lied  by a po w er com pany  
to  any  d istric t a lread y  b e in g  su p p lie d  by an  elec tric  su p p ly  u n d e rta k in g
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un less th a t u n d e r ta k in g  a p p ro v e d . U n re a so n a b le  d en ia l was p re c lu d e d  a n d  
cou ld  be o v e rru le d  by d ie  B o a rd  o l T rade. Pow er c o m p an ie s , how ever, 
w ere slow to g row  u n d e r  th e  new  a u th o rity , a n d  they  a rg u e d  that the  
rea so n s w ere  th e  w id ih o ld in g  of ap p ro v a l by local a u th o rit ie s  lo r  th e  p ow er 
u n d e r ta k in g s  to  su p p ly  p o w er d irec tly  to  la rg e  c u s to m e rs  in th e ir  d istric ts 
a n d  th e  fa ilu re  o f  local a u th o r it ie s  to  n e g o tia te  se riously  to  buy p ow er in 
b u lk  fo r d is tr ib u tio n . All o f  th e se  co n d itio n s  a n d  effec ts  ap p lie d  to  L o n d o n , 
w h e re  th e  local a u th o r it ie s  g u a rd e d  th e ir  p riv ileges in th e  face o f  w ould- 
be p o w er su p p lie rs .

In  ad d itio n  to  ad m in is tra tiv e  co m p lex ity , bo th  lo ca l-a iith o ritv  a n d  p a r 
liam en ta ry , th e  sta te  o f  in d u s tr ia l  d ev e lo p m e n t in L o n d o n  m ust be tak en  
in to  accoun t in ex p la in in g  th e  h is to ry  o f  e lec tric  su p p ly  th e re . Statistic s 
suggest th a t th e  sym bio tic  re la tio n sh ip  b e tw een  in d u s tr ia liza tio n  a n d  elec 
trifica tio n  th a t was o b se rv ed  in C h icag o  a n d  B erlin  was n o t rife  in L on d o n . 
In  1911 only  39  p e rc e n t o f  L o n d o n ’s k ilo w a tt-h o u rs  w ere u sed  fo r pow er; 
in B erlin , s ta tio n a ry  m o to rs  a n d  trac tio n  used  66  p e rcen t o f  th e  kilow att- 
h o u r  o u tp u t su p p lie d  by BEW ; a n d  in C h icago , s ta tio n a ry  a n d  trac tio n  
p o w er took  81 p e rc e n t o f  th e  k ilo w a tt-h o u r  to ta l.8 Insu ll b o asted  that C o m 
m onw ealth  Edison h ad  six large industria l custom ers w ho Ixniglu I ()().()()().()()<) 
un its  a n n u a lly ; th is  was a b o u t o n e - th ird  o f  th e  to ta l e lectric ity  sold In th e  
L o n d o n  u tilities in 191 I .9

L o n d o n  in th e  ea rly  tw e n tie th  c e n tu ry  was a m a n u fa c tu r in g  c e n te r  and  
th e re fo re  a p o te n tia l m ark e t fo r  e lec tric  pow er. It was th e  site o f th e  g rea test 
am o u n t o f  eco n o m ic  activity  in th e  c o u n try  as m easu red  by th e  n u m b e r ol 
w o rk ers  em p lo y e d . A b o u t o n e  in five E nglish  a n d  W elsh w orkers  in m a n 
u fa c tu r in g  a n d  serv ices w ere  loca ted  in G re a te r  L o n d o n . O n  th e  o th e r  
h a n d , la rge-sca le  a n d  heavy  in d u s tr ie s  w ere s itu a ted  in th e  M id lands and  
in th e  n o r th .  M ost o f  L o n d o n 's  fac to ries  w ere sm all. D espite  th e  co m m it
m e n t o f  tw e n tie th -c e n tu ry  e n g in e e rs  a n d  in d u stria lis ts  to  large-scale  u n 
d e rta k in g s , L o n d o n  m a in ta in e d  its h is to ric  c h a ra c te r  as a su sta in e t o f  sm all- 
scale e n te rp r is e s . As la te  as th e  1930s th e re  w ere 5 5 ,000  fac to ries and  
w o rk sh o p s in th e  L o n d o n  fac to ry  a re a  (an a rea  s ligh tly  la rg e r  th an  G re a te r  
L o n d o n ), b u t on ly  34 fac to ries  em p lo y ed  m o re  th a n  two th o u sa n d  w orkers:
2 2 ,000  em p lo y ed  few er th a n  tw en ty -five w orkers , a n d  m o re  th an  10,000 
e m p lo y ed  u n d e r  ten . T h is  sm allness  o f  scale re ta rd e d  m e c h a n iz a tio n .'"  T h e  
m ost im p o r ta n t in d u s tr ie s  in L o n d o n  w ere  e n g in e e r in g  w orks (m etal trad es  
such  as w a tch m ak in g , fo r  in stan ce), b u ild in g , c lo th in g , p r in tin g  a n d  p ap e r, 
food , a n d  fu rn i tu re .  T h e  h eav ie r  e n g in e e r in g  e n te rp r is e s  w ere co n c e n 
tra te d  in so u th e rn  a n d  e a s te rn  L o n d o n , n e a r  th e  T h a m e s  R iver; fu rn itu re  
a n d  c lo th in g  m a n u fa c tu re rs  w ere located  in B ethna l G reen , S h o red itch , 
a n d  H ackney ; a n d  p r in tin g  w orks w ere co n c e n tra te d  in th e  sou thw est part 
o f  th e  C ity a n d  in S o u th w ark . L a te r  in th e  cen tu ry , w ith th e  deve lo p m en t 
o f  ro a d  t ra n s p o r t a n d  su b u rb a n  railw ays, in d u s try  w ould  m ig ra te  to  the 
o u te r  r in g  o f  L o n d o n .

“ Klingcnbci'Ki "Electricity Supply in Large Cities," p. 399.
9Testimony of Samuel Insull. 23 January  1914. in London County Council. Report (1913- 

14). p. 7.
10 Mcrz 8c McLcllan, Report on Electric Service in New York. London, Pans, and llerhn, prepared 

for Consolidated Edison Co. of New York (London: M et/ 8c Mcl.ellan. 1937). p. 41. t his 
report estimated that about 20,000 factories in London were using power, mostly e lem itity
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In  L o n d o n  th e  a u th o riz e d  e lectrical u tilities c a rr ie d  not on ly  a small 
ind u stria l load b u t, c o m p a re d  to  B erlin  a n d  C h icago , a sm all trac tio n  load 
as well: in L o n d o n , trac tio n  was 12 p e rc e n t;  in B erlin , 31 p e rcen t; an d  in 
C hicago , 69  p e rc e n t o f  th e  to tal k ilo w a tt-h o u rs  s o ld ."  T ra c tio n  com pan ies 
in L o n d o n  g e n e ra te d  p o w er in th e ir  ow n p lan ts . I f  th e  public  u tilities had 
s u p p lied  th e  city’s u n d e rg ro u n d ,  tram s, a n d  s u b u rb a n  lines, L o n d o n ’s total 
su p p ly  fig u re s  w ould  have  b een  m o re  im pressive , fo r th e  m etro p o lis  was 
rap id ly  e lec trify in g  ex is tin g  tra n sp o r ta tio n  system s a n d  co n s tru c tin g  new 
e lec trif ied  ro u te s . T h e  first sec tion  o f  th e  L o n d o n  u n d e rg ro u n d ,  o r  subway, 
was o p e n e d  in 1863. B e fo re  1900 th is line a n d  o th e rs  u sed  steam  traction . 
B ecause o f  p o o r  v en tila tio n , how ever, th e  u n d e rg ro u n d  was ex trem ely  
u n c o m fo rta b le , so w ith  th e  co m in g  o f  e lec tric  po w er, ex p e rim e n ta l elec
trifica tio n  was tried  in 1900. B eg in n in g  in 1906 th e  D istrict system  was 
ex tensively  e lec trif ied  a n d  th e  M e tro p o litan  system  also in tro d u c e d  elec
tricity . D u rin g  th e  nex t d e c a d e  la rg e  p o w er s ta tions w ere co n s tru c ted  at 
C he lsea  a n d  N easd en  to  su p p ly  th e  n e tw o rk , a n d  new  e lec trified  lines were 
co n s tru c te d . L o n d o n ’s su rface  tram s  w ere o w n ed  a n d  o p e ra te d  m ostly  by 
th e  c o u n tv  council. T h e se , too , w ere c o n v e rte d  to  e lec tric  m o to rs . As som e 
ob se rv e rs  c o m m e n te d . "N o w h ere  in th e  w orld  is th e re  a fin e r  system  ol 
elec tric  tram w ays th a n  th o se  to  be seen  in L o n d o n , a n d  co n tro lle d  by the 
L .C .C ."12 T h e  fa ilu re  o f  th e  tra n sp o r ta tio n  system  to d ra w  m o re  pow er 
from  th e  m u ltitu d e  o f  L o n d o n  g en e ra l-se rv ice  u tilities a lso p artia lly  ex 
plain s th e  u tilities’ fa ilu re  to  d ev e lo p  in to  la rge-sca le  system s. T h e  u n d e r 
lying q u es tio n  rem a in s  W hy d id  th e  L o n d o n  t r a n s p o r ta tio n  system  fail to 
take  p o w er fro m  th e  u tilities as th e  B erlin  a n d  C h icag o  system s d id ?

B erlin  in th e  early  years o f  th e  tw en tie th  c e n tu ry  co u ld  w ith reason  be 
called th e  e lectrical m etro p o lis . T w o  m a n u fa c tu re rs , A llg em ein e  Eleklri- 
z ita ts-G esellschafl a n d  S iem ens, h ad  la rg e  p lan ts  fo r th e  b u ild in g  o f  pow er- 
s ta tion  e q u ip m e n t th e re . In  c o n tra s t,  on  th e  eve o f  W orld  W ar 1 th e  lead ing  
B ritish  e lectrical m a n u fa c tu re rs  as a g ro u p  p ro d u c e d  less heavy  electrical 
m ach in e ry  th a n  e i th e r  o f  th e  tw o lead in g  G e rm a n  firm s a n d  less th a n  e ith e r 
G en e ra l E lectric o r  W estin g h o u se  in th e  U n ited  S la te s .11’ F u r th e rm o re ,  not 
o n e  o f  th e  fo rem o st B ritish  m a n u fa c tu r in g  co m p an ie s  h ad  bu ilt a m ajor 
p lan t fo r th e  p ro d u c tio n  o f  heavy  e lectrical m ach in e ry  in L o n d o n . T h e  
lead in g  B ritish  p ro d u c e rs  o f  p o w er eq u ip m e n t w ere sub sid ia rie s  o f  fo re ign  
m a n u fa c tu re rs . B ritish  W esiin g h o u se  h ad  its m a jo r p la n t in T ra f fo rd ,  n ea r 
M anch este r; B ritish  T h o m so n -H o u s to n .  a su b sid ia ry  o f  A m erican  G en e ra l 
Electric, h ad  a m a jo r m a n u fa c tu r in g  facility in R ugby; a n d  S iem ens in 
E n g lan d  m a n u fa c tu re d  d y n am o s  at S ta ffo rd , in c en tra l E n g lan d . T h e  lead 
ing  B ritish -ow ned  m a n u fa c tu re rs  o f  p o w er-p lan t e q u ip m e n t b e fo re  W orld 
W ar I w ere Dick, K e rr  8c C o m p an y  a n d  P arsons. These co m p an ie s  had  
m a n u fa c tu r in g  facilities fo r e lectrical m ach in e ry  in P re sto n  a n d  n e a r  N ew 
castle u p o n  1  yne respectively . T h e  B ritish -based  co m p an ie s  w ere especially

11 These statistics are lo r the period 1910-12; sec K lingcnbcrg. "Electricity Supply in Large 
Cities," p. 399.

■’ City of Melbourne. City ElectnraI Engineers Notes on Tour Abroad (M elbourne. Australia. 
1912). p. 52.

15 I. C. R. Byall, The llntish Electrical Industry. IN 7 5 -I9 h l  (Oxford: C larendon Press. 1979). 
tables on pp. 150 and 160. Com pared arc the gross output in electrical machinery in Britain 
and the electrical m anufacturing sales o f the German and American companies.
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active in th e  m a n u fa c tu re  o f  eq u ip m e n t fo r p o w er p lan ts  su p p ly in g  a trac 
tion  load . T h e  only  su b s tan tia l e lectrical m a n u fa c tu r in g  p lan ts  located  in 
o r  n e a r  L o n d o n  p ro d u c e d  in can d escen t lam ps a n d  te le g ra p h  cable. T he 
h ead  o f  th e  B ritish  G e n e ra l E lectric  C o m p a n y  (G EC) (not associated  with 
A m erican  G en e ra l E lectric) e x p la in e d  th a t m a n u fa c tu r in g  p lan ts  w ere sit
u a te d  w h ere  th e  re lev an t m a n u fa c tu r in g  skills h ad  b eco m e alm ost h e re d 
itary . G EC . fo r  in stan ce , ch o se  W itton , n e a r  B irm in g h am , fo r heavy  m a
ch in e ry  b ecau se  o f  th e  p re se n c e  o f  th e  iron  a n d  steel in d u s tr ie s  th e re ; ii 
s itu a ted  its la m p -m a n u fa c tu r in g  p lan t (O sram ) in H am m e rsm ith  because 
L o n d o n  h a d  an  a lm o st lim itless re se rv o ir  o f  sk illed fem ale  w o rk e rs ."

In  L o n d o n , as in  B erlin , o u ts ta n d in g  m em b ers  o f  th e  acad em ic  co m 
m u n ity  ta u g h t e lec trica l e n g in e e r in g  (see pp . 146—47 above). T h e  a c a d e m 
ics' in fluence was co m p lem en ted  by consulting  eng in ee rin g  firm s with w orld

w ide e x p e rie n c e  a n d  by th e  In s titu tio n  o f  E lectrical E n g in ee rs . T hese  
p ro fe ssio n a ls  w ere  ab re a s t o f  th e  la test te chno log ica l d ev e lo p m e n ts  in e lec
trical e n g in e e r in g  ev en  th o u g h ,  by in te rn a tio n a l s ta n d a rd s  o f  size a n d  r a 
tionality , L o n d o n ’s u tilities w e re  co n s id e re d  b ackw ard . In  p a p e rs  a n d  lec 
tu res  the academ ics a n d  practic ing  electrical eng ineers  rem in d ed  L ondoners 
o f  th e ir  p e rilo u s  c o n d itio n  in an  in ten se ly  co m p e titiv e  te chno log ica l w orld. 
T h e y  also lam e n te d  E n g la n d 's  inab ility  to  p rac tice  its skills in its ow n capita l. 
T h o se  e n g in e e rs  w ho  w ere  sa tisfied  w ith th in g s  sm all a n d  b eau tifu l (som e 
o f  th e  L o n d o n  s ta tio n s  w ere  m odels  o f  th a t k ind ) w ere defin ite ly  in a 
m ino rity .

IE E  lec tu re s  a n d  p a p e rs  called  fo r  th e  d ev e lo p m e n t o f  la rge , cen tra lized  
pow er system s o f  th e  k in d  th a t w ere  b e in g  bu ilt in C h icago . B erlin . New 
Y ork , a n d  e lsew h ere . In  h is p re s id e n tia l a d d re ss  to  th e  IE E  in 1901, Syl- 
vanus T h o m p so n  said: “L a rg e r a reas  o f  supp ly  a n d  few er g en e ra tin g  cen tres 
in an  a re a  a re  necessities— it is reco g n ized  th a t th e  secre t o f  econom ic 
w ork in g  is to  g e n e ra te  o n  a la rg e  scale a n d  to  d is tr ib u te  o v e r a la rge  a rea  
at an  a p p ro p r ia te  h ig h  vo ltag e .” 15 T h e  IE E  collectively tr ie d  to  re o rg an ize  
th e  e lec tric  su p p ly  n e tw o rk  in L o n d o n  a n d  all o f  E n g lan d . H o ld in g  m eetings 
an d  tak in g  te s tim o n y  fro m  e x p e r ts  fo r several m o n th s  in 1901, an  I EE 
com m ittee  lo o k ed  in to  th e  back w ard  s ta te  o f  th e  electrical su p p ly  ind u stry . 
T h e se  h e a r in g s  focused  on  leg isla tion  th a t a ffec ted  th e  in d u s try . T h e  re p o rt 
a d o p te d  by th e  co m m ittee  on  10 A pril 1902 id en tified  p a roch ia lism  on  the 
p a r t  o f  local a u th o rit ie s  as th e  m a jo r  cause  o f  th e  p ro b lem . In June  a 
d e p u ta tio n  fro m  th e  IE E  p re se n te d  th e  co m m itte e ’s fin d in g s to  G era ld  
B a lfo u r, p re s id e n t o f  th e  B o a rd  o f  T ra d e .  S p eak in g  fo r th e  d e p u ta tio n . 
Jam es S w in b u rn e  said : “W e ho ld  th a t e lectrical e n te rp r is e s  sh o u ld  have 
th e ir  lim its a n d  b o u n d a rie s  set by econom ica l co n s id e ra tio n s  on ly , a n d  that 
a rb itra ry  b o u n d a rie s , m ostly  o f  m edieval ecclesiastical o rig in , sh o u ld  not

14 Adam G. Whyte, Forty Years of Electrical Progress: The Story of G.E.C.. (London: Denn, 
1930), pp. 50-51, 73. On (he British electrical m anufacturers, see Hyatt. British Electnral 
Industry, chap. 8; and Robert Jones and Oliver Marriott, Anatomy of a Merger (London: Gape, 
1971). Electrical m anufacture in London included cables, lamps, domestic appliances, accu
mulators. and, later, electronic apparatus. On London industries in general, see IV G. Hall. 
The Industries of London since 1861 (London: H utchinson, 1962), pp. 21. 26. 35-36. MH. 151- 
52.

11 Quoted in R. A. S. Hennessey, The Electric Revolution (Newcastle upon Tyne: Oriel, 1971). 
p. 36.
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limit th e  d is tr ib u tio n  o r  th e  g ro w th  o f  e lectrical sy stem s." ,G T h e  rec u rr in g  
a n d  p e rs is ten t c lash o f  values be tw een  th o se  fa v o rin g  techno log ica l o rd e r  
a n d  th o se  a tta c h e d  to  th e  h is to rica l co n s titu tio n  o f  th in g s  was th u s  exp ressed  
succinctly .

T h e  I EE c o m m ittee  w an ted  to  lay to  res t th e  co n c e rn  th a t backw ardness 
o f  science m ig h t be th e  rea so n  why L o n d o n  failed  to  d ev e lo p  a cen tra lized  
e lectric  su p p ly  system . I EE w o rth ie s  insisted  th a t E n g lan d  siill led th e  world 
in science a n d  especially  in th o se  d isc ip lines  on  w hich electrical inven tion  
d e p e n d e d .  Paradox ica lly , th e  n a tio n ’s g re a t in s titu tio n s  o f  science— T h e  
Royal Society, th e  R oyal In s titu tio n  o f  G re a t B rita in , th e  B ritish  Association 
fo r th e  A d v an cem en t o f  Science, a n d  th e  Society o f  A rts— w ere  all h e a d 
q u a r te re d  in L o n d o n , a city th a t was u n ab le  to  o rg a n iz e  its e lec tric  supply  
n e tw o rk  acco rd in g  to  “sc ien tific” p r in c ip le s .17

T h e  o p in io n  o f  so m any  c o n te m p o ra ry  e x p e rts  n o tw ith s ta n d in g , in te r
estin g  d e v e lo p m e n ts  in e lec tric  su p p ly  w ere tak in g  p lace in  L o n d o n . T h e  
city p ro v id es  an  u n u su a l o p p o r tu n ity  to  co n s id e r  th e  d e v e lo p m e n t o f  small- 
scale tech n o lo g y  in an  e ra  w hen  large-sca le  e n te rp r is e s  he ld  th e  in te re st o f 
m ost o b se rv e rs . T h e s e  sm all u n d e r ta k in g s  w ere  o f te n  a p p ro p r ia te  fo r the  
d e m a n d  they  m et a n d  fo r  th e  leg isla tive c ircu m stan ces  o f  th e  day, and  
L o n d o n  sta tio n  m a n a g e rs  a n d  e n g in e e rs  took  p r id e  in  th e ir  style o f  supply . 
T h e  rela tively  sm all scale o f  th e  u n d e r ta k in g s  a n d  o f  th e  techno logy  they 
em p lo y ed  e n c o u ra g e d  a sen se  o f  p e rso n a l in v o lv em en t a n d  in flu en ce ; the  
w ide varia tio n s in cho ice  o f  e q u ip m e n t a n d  o rg a n iz a tio n  m an ife s ted  p e r
sonal ex p re ss io n . F u r th e rm o re ,  several o f  th e  L o n d o n  co m p an ie s  show ed 
o p e ra tin g  e ffic ienc ies  a n d  econom ic  ach iev em en ts  th a t w ere  c o m p arab le  to 
those  o f  th e  la rg est u rb a n  s ta tions. B e fo re  co n s id e r in g  e f fo r ts  to  in tro d u ce  
large-scale  e lec trific a tio n  in L o n d o n , we sh o u ld  su rvey  th e  sm all— a n d  by 
som e believed  to  be th e  m o re  a p p ro p r ia te — utilities.

T h e  W estm in s te r E lectric S u p p ly  C o rp o ra tio n , L td ., was o n e  o f  th e  o ldest 
o f  th e  priva te ly  ow n ed  com p an ie s; like severa l o th e rs , it su p p lie d  L o n d o n ’s 
w ealthy  W est E n d .18 A. B. W. K en n ed y , c h ie f  e n g in e e r  o f  th e  W estm in ste r 
C o m p an y  fro m  1890 to  1926, was co n serv a tiv e  in his a t t i tu d e  to w ard  tech 
nology . A c o n su lta n t to  th e  L o n d o n  C o u n ty  C ouncil o n  e lectrical m atte rs , 
h e  testified  in 1905 ag a in st M erz’s p lan  fo r  a u n if ie d  su p p ly  system  in the 
m etro p o lis . K en n ed y  a rg u e d , fo r ex am p le , th a t th e  c u r r e n t  o f  th e  fu tu re  
was s in g le -p h ase  a lte rn a tin g  c u r re n t,  n o t th e  th re e -p h a se  a r ra n g e m e n t (a 
p red ic tio n  th a t was fa r  o f f  th e  m a rk ) .19 H e d e s ig n e d  fo r  th e  W estm inste r 
C o m p an y  th e  sm all p lan ts  a t M illbank , E ccleston Place, a n d  D avies S tree t, 
w hich in 1890-91  su p p lie d , am o n g  o th e r  d is tric ts , B e lg rav ia  a n d  M ayfair, 
L o n d o n ’s m ost fash io n ab le  q u a r te rs . T h e  system  is an  ex ce llen t ex am p le  
o f  th e  use o f  low -voltage, d ire c t-c u r re n t su p p ly  a t a tim e  w hen  m any  e n 
g in ee rs  ju d g e d  a lte rn a tin g  c u r r e n t  to  be th e  way o f  th e  f u tu re .20 All th ree  
s ta tio n s h ad  s to ra g e  b a tte rie s  c h a rg e d  in p ara lle l w ith th e  load  d u r in g  lower-

1,1/ f t '  Journal 31 (1001-2): 1324.
17 The Electrician 40 (1002): 46.

I he account ol the W estminster Electric Supply Corp. and other supply utilities given 
in this section is based on R. II. Parsons, The Early Days of the Power Station Industry (Cambridge: 
At the University Press. 1010), pp. 71-135.

Byatl, British Electrical Industry, p. J 25.
Parsons. Early Days of the Power Station Indiutiy, p. 08.
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d e m a n d , day lig h t h o u rs ; la te  in th e  ev en in g , a f te r  (he load h ad  lig h ten ed , 
th e  g e n e ra to rs  w ere  sh u t do w n  a n d  b a tte rie s  su p p lie d  th e  system , m ost ol 
which was ligh ting . K en n ed y  se lec ted  eq u ip m e n t fro m  a n u m b e r  o f  m a n 
u fa c tu re rs  a n d  in so d o in g  ig n o re d  th e  m ove to w ard  s ta n d a rd iz a tio n  ol 
e q u ip m e n t a n d  c o n c e n tra tio n  o f  m a n u fa c tu re  lh a l was th e n  tak in g  place 
in th e  U n ited  S ta tes  a n d  G erm a n y . H is choices in c lu d ed  S iem ens, C ro m p 
ton , W illans, a n d  P arso n s m ach in e ry .

Faced w ith a sh o rta g e  o f  co o ling  w ater fo r its steam  co n d e n se rs , the 
W estm in ste r C o m p a n y  ing en io u sly  co llec ted  ra in  w ate r f ro m  th e  ro o f  of 
th e  V ictoria  Railway S ta tio n  a n d  c a rr ie d  it in u n d e rg ro u n d  m ains to  the 
su p p ly  s ta tions. In  su m m e r, w h en  th e  u tility ’s load  was re la tively  ligh t, the 
co m p an y  o p e ra te d  ice-m ak in g  m ach in es  at its sta tio n s to  im p ro v e  th e  load 
cu rv e  w ithou t e x p a n d in g  th e  a re a  o f  su p p ly . In  1902 W estm in s te r jo ined  
with th e  St. J a m e s ’ 8c Pall Mall C o m p a n y  to  co n s tru c t a jo in t g e n e ra tin g  
s ta tion  a t G ro v e  R oad , St. M ary leb o n e . T h is  s ta tio n  tra n sm itte d  w ith th ree- 
phase  c u r re n t  at 6 ,6 0 0  volts to  th e  o ld e r  s ta tio n s, w hose m o to r  g e n e ra to rs  
co n v e rted  th e  su p p ly  to  d ire c t c u r r e n t  fo r  d is tr ib u tio n .

T h e  M e tro p o litan  S u p p ly  C o m p an y , a n o th e r  p r iva te ly  ow n ed  L o n d o n  
su p p ly  co m p an y , o p e ra te d  a ce n tra l  sta tio n  at W h iteha ll C o u rt.  D esigned  
in 1888 by J .  E. H . G o rd o n , th e  s ta tio n  a ttra c te d  a tte n tio n  because  G o rd o n , 
w ho h ad  b een  a le a d in g  e x p o n e n t o f  a lte rn a tin g  c u r r e n t  d u r in g  “th e  battle  
o f  th e  system s," u sed  d ire c t c u r r e n t  at W h iteha ll C o u rt. H e an tic ip a te d  a 
m uch  m o re  re g u la r  load  th e re  as well as in c rea sed  eco n o m ies fro m  th e  use 
o f  s to rag e  b a tte r ie s  c h a rg e d  by d ire c t c u r r e n t  d u r in g  p e r io d s  o f  low load 
a n d  d isc h a rg e d  d u r in g  peaks. Lows a n d  peaks w ere ac c e n tu a te d  in a sta tion  
th a t c a rr ie d  m ostly  a lig h tin g  load . W illans h ig h -sp eed  en g in es  w ere d irec tly  
co u p led  to  110-volt g e n e ra to rs , a co m m o n  a r ra n g e m e n t a t th a t tim e in 
B rita in .21

A fte r  passage  o f  th e  E lectric  L ig h tin g  Act o f  1888. th e  M e tropo litan  
C o m p an y  o b ta in e d  p ro v is io n a l o rd e rs  to  su p p ly  th e  St. M ary lebone, 
B loom sbury , L in co ln ’s In n ,  a n d  C o v en t G a rd e n  d is tric ts , an  a rea  w ith th e a 
te rs, sh o p s, fa sh io n ab le  re s id en ces, a n d  ed u ca tio n a l a n d  public  in stitu tions. 
B e fo re  th e  tu rn  o f  th e  c e n tu ry  a n d  th e  in crease  in p o w er load , such  an  
a rea  was h igh ly  d e s ira b le  becau se  o f  its la rg e  lig h tin g  load . In  1889 M et
ro p o litan  co m m issio n ed  th e  S a rd in ia  S tree t s ta tio n  at th e  so u thw est c o rn e r  
o f  L in co ln ’s In n  F ields. S h if tin g  to  a lte rn a tin g  c u r re n t  fo r th is s ta tio n , the  
c o m p an y  in sta lled  A m erican  W estin g h o u se  sin g le -p h ase . 125-kw. a l te rn a 
to rs  w ith a g e n e ra tin g  capacity  o f  1 ,000 volts.22 T h e  im p o rta tio n  o f  m a
ch in e ry  by English  utilities, bo th  f ro m  th e  U n ited  S lates a n d  G erm an y , was 
increasing ly  co m m o n  a f te r  1890.23 A fte r  a fire  a lm ost d e s tro y ed  th e  S a r
d in ia  S tre e t s ta tio n  in S e p te m b e r  1889, th e  co m p an y  re e q u ip p e d  it with 
tu rb in e s , a n d  in 1897 co n v e rte d  it fro m  a lte rn a tin g  to  d irec t c u r r e n t— a 
ra tio n a l d ec is ion , even  in 1897, fo r  an  u rb a n  u tility  su p p ly in g  ligh tin g  to 
a d ense ly  p o p u la te d  a re a  fro m  a cen tra lly  located  po w er sta tion .

By in sta lling  P arsons 's  tu rb o -a lte rn a to rs  (tu rb in es  a n d  a lte rn a tin g -cu r-

*' Ibid.. pp. 72-73.
" Ib id ..  p. 76.
” On die export and import of electrical machinery and apparatus, see Byati. Htttish Elrr- 

trical Industry, pp. 16 7 - 170.
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re n t g e n e ra to rs  c o m b in ed ) in a n o th e r  sta tio n  a t M an ch es te r  S q u a re  in 1894, 
M etro p o litan  p ro v e d  th a t L o n d o n  s ta tio n s n e e d  n o t be techn ica l laggards. 
Each u n it h ad  an  o u tp u t  o f  350  kw. a t 1 ,000 volts a n d  100 cycles, which 
was m o re  th a n  tw ice th e  capac ity  o f  any  o th e r  tu rb o g e n e ra to r  con stru c ted  
up  to  th a t tim e .2'1 P rec ip ita tin g  th e  cho ice o f  tu rb in e s  was legal action  taken  
by n e ig h b o rs  o f  th e  M ary leb o n e  sta tio n  w ho c o m p la in ed  th a t v ib ra tion  from  
th e  o rig ina lly  in sta lled  re c ip ro c a tin g  s team  en g in es  was an  in to le rab le  n u i
sance. T h e  g ro u n d s  fo r  th is dec is ion  d if fe re d  fro m  th o se  usually  given for 
th e  in tro d u c tio n  o f  tu rb in e s : la rg e  u n its  f o r a  la rg e  a re a  o f  supp ly . T u rb in e s  
th e re fo re  bo th  p ro lo n g e d  th e  life of, a n d  m ad e  obso le te , th e  re la tively  small 
u rb a n  c e n tra l sta tions.

A ra re  accoun t o f  th e  ex p e rie n c e s  o f  e n g in e e rs  a n d  w o rk m en  o p e ra tin g  
an  early  ce n tra l s ta tio n  co n ce rn s  th e  M an ch es te r S q u a re  s ta tio n  a f te r  the 
first tu rb in e s  w ere in sta lled . D u rin g  th e  first year a n d  a h a lf  o f  th e  s ta tio n ’s 
o p e ra tio n , th ese  re so u rc e fu l m en  kep t th e  tu rb in e s  ru n n in g  d esp ite  the 
loss o f  as m any  as o n e - th ird  o f  th e  tu rb in e  b lades. T h e y  coo led  overh ea tin g  
b ea rin g s  w ith w a te r a n d  oil— at least un til th e  sm o k e  d ro v e  th e  crew  out 
o f  th e  en g in e  ho u se . T h e y  h e ld  relay  valves o p e n  w ith co rks a n d  tied  weights 
o n to  s ta r tin g  levers to  k eep  tu rb in e s  o p e ra t in g  a f te r  th e  s team  p ressu re  
had  d ro p p e d  below  re c o m m e n d e d  levels. D esp ite  th e se  d ifficu lties , the 
en g in e e rs  seem  to have ap p ro v e d  h ighly  o f  th e  new  s team  en g in es— at least 
years a f te rw a rd  w hen  w ritin g  th e ir  m em o irs .

In c re a s in g  d e m a n d , rising  real esta te  costs, a n d  co m p la in ts  a b o u t sm oke, 
d ir t,  a n d  noise  cau sed  M e tro p o litan  finally  to  locate  a p lan t o u ts id e  the 
d istric t it w ould  supp ly . In  1897 th e  co m p a n y  b eg an  co n s tru c tin g  th e  Wil- 
lesden  s ta tio n  a lo n g  th e  G ra n d  Ju n c tio n  C an a l a n d  tw o ra ilro a d  lines (six 
m iles fro m  th e  s ta tio n ’s d e m a n d  c e n te r). A gain  th e  co m p an y  tu rn e d  to 
A m erican  W estin g h o u se , th is tim e lo r  tw o -p h ase , 60-cycle a lte rn a to rs  from  
w hich c u r re n t w ould  be tra n sm itte d  at 10,000 volts to  th e  load  ce n te r ,  w here 
ro ta ry  c o n v e rte rs  w ould  c h an g e  th e  su p p ly  to  d irec t c u r re n t  fo r d is tr ib u 
tion . T h e  u n iv ersa l system  h ad  finally  re a c h e d  L o n d o n .

O th e r  p riva te ly  ow n ed  L o n d o n  co m p an ie s  at th e  tu rn  o f  th e  cen tu ry  
w ere th e  C h a r in g  C ross  E lectric S u p p ly  C o m p an y , w hich su p p lie d  cus
to m ers  in th e  C ity a n d  in th e  S tra n d ; th e  City o f  L o n d o n  E lectric L ighting  
C o m p an y ; an d  th e  C o u n ty  o f  L o n d o n  E lectric L ig h tin g  C o m p an y . T o  m eet 
d e m a n d , th e  C h a rin g  C ross C o m p an y  in 1900 c o n s tru c te d  a s ta tio n  fo u r 
m iles from  th e  City a n d  tra n sm itte d  w ith th re e -p h a se  a lte rn a to rs , at 11,000 
volts, to  su b sta tio n s fo r  con v e rsio n  to  d irec t c u r re n t.  B ecause o f  th e  s h o rtag e  
o f  c oo ling  w ater, th e  s ta tio n  u sed  s ix teen  c irc u la r  s tee l-coo ling  low ers. T h e  
City o f  L o n d o n  C o m p a n y ’s B ankside  s ta tio n  becam e o n e  o f  L o n d o n ’s la rg 
est. A m o n g  o th e r  c u s to m ers , it su p p lie d  th e  C ity ’s p r in tin g  e stab lishm en ts , 
which n e e d e d  d ire c t-c u r re n t d is tr ib u tio n ; th e  co m p an y  p e rsu a d e d  the 
p rin tin g  p lan ts  to  ab a n d o n  th e ir  ow n iso lated  in sta lla tions.

In  1911 in th e  a re a  u n d e r  th e  ju risd ic tio n  o f  th e  L o n d o n  C o u n ty  C ouncil 
(LCC) th e re  w ere th irteen  privately ow ned and  fifteen local-authority-ow ned 
electric  su p p ly  u tilities. T h e  n u m b e r  o f  utilities a n d  th e  n u m b e r  o f  m u 
nicipal b o ro u g h s  w ere th e  sam e (tw en iy -eig lu ). (T h e re  w ere sixty-five u til
ities in th e  G re a te r  L o n d o n  a rea .)  In th e  LC C  a re a , p riv a te  com p an ie s  had

'‘M Parsons. Early Days of the Power Slalwn Industry, p. 79.
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Figure IX .I. Sebastian Ztani de Ferranti 
at the age of tu/enty-two, shortly before his 

appointment as engineer of the London 
Electric Supply Corp., Ltd. Courtesy of the 

Ferranti Ltd. Archives, Holtinwood, 
England.

invested  £14 m illion , c o m p a re d  to  local au th o rit ie s ' in v estm en t o l £6 .25  
million.™  T h e  lead in g  lo ca l-au th o rity -o w n ed  su p p ly  co m p an ie s  w ere those  
fo r St. M ary lebone , S tep n ey , St. Pancras, H am m e rsm ith , a n d  P o p lar. G e n 
erally , th e  loca l-au lh o rity  u tilities h ad  to  su p p ly  th e  in d u s tr ia l a n d  p o o re r  
h o u s in g  a rea s  o f  e ast a n d  so u th  L o n d o n . T h e  vestry o f  St. P an cras  was the  
first local a u th o rity  in L o n d o n  to  su p p ly  electric ity . Its o rig in a l in te n t in 
1883 in o b ta in in g  a p ro v is io n a l o rd e r  was to  k eep  p riv a te  c o m p a n ie s  ou t 
ol its d is tric t, b u t in 1890 th e  ea rly  policy o f "  ‘m aste rly  inactiv ity ' cou ld  no 
lo n g e r  be  m a in ta in e d , in view o f  th e  in te n tio n s  o f  th e  B o a rd  o f  T r a d e  th a t 
a su p p ly  o f  e lec tric ity  sh o u ld  be availab le  to  all w ho n e e d e d  it."21’ S eeking  
th e  best advice, th e  vestry  tu rn e d  to  P ro fe sso r H e n ry  R ob inson , D r. J o h n  
H o p k in so n , a n d  S ir W illiam  P reecc. T h e  re su ltin g  d ire c t-c u r re n t s ta tio n  
w ith s to rag e  b a tte r ie s  n e a r  R e g e n t’s P ark  was a m o d el o f  its k ind . W ater 
fo r its co n d e n se rs  was coo led  o n  lo p  o f  th e  c e n tra l-s ta tio n  b u ild in g , a n d  
th e  steam  c lo u d s ris in g  fro m  it becam e  a w ell-know n p a r t  o f  th e  cilyscape. 
T h e  v estry ’s seco n d  p o w er s ta tio n , on  K ing ’s R oad , a lso  was in te re s tin g ; it 
o p e ra te d  in c o n ju n c tio n  w ith a re fu se  d e s tru c to r . A c co rd in g  to  availability , 
e ith e r  h o t gases f ro m  th e  b u rn in g  re fu se  o r  coal cou ld  be u sed  to  fuel th e  
sta tion .

T h e re  w ere o th e r  re fu se -b u rn in g , e lec tric  po w er s ta tio n s in L o n d o n . T h e  
E aling  Local B o a rd  o p e n e d  a ce n tra l sta tio n  in 1894 w hich su p p lied  seventy  
arc  lam ps a n d  th e  e q u iv a le n t o f  e ig h t th o u sa n d  8-c.p . in can d escen t lam ps. 
T h e  re fu se  p la n t ra ised  su ffic ien t hea t to  su p p ly  an  estim a ted  fifty h o rse 
pow er; th e  re m a in d e r  cam e  fro m  b u rn in g  coal. N ot c o n te n t w ith th is in 
gen io u s u se  o f  w aste  m a tte r ,  h ow ever, th e  d es ig n e rs  o f  th e  s ta tion  used 
co n v e rte d  sew age as c o n d e n s e r  coo ling  w ater. In 1896 th e  local a u th o rity  
a t S h o re d itc h  c a rr ie d  o u t an  even  m o re  am b itio u s schem e. H av ing  pa id  a 
c o n tra c to r  n ea rly  £ 2 ,0 0 0  an n u a lly  to  rem o v e  ashb in  re fu se , th e  s ta tion 's  
d e s ig n e rs  in sta lled  tw elve “cells.” each  o f  w hich h ad  th e  capacity  to  b u rn  
8 -1 2  tons o f  re fu se  p e r  day  as fuel. C o n s id e rab le  c o n tro v e rsy — especially  
ov e r reg u la rity , o f  su p p ly — aro se  co n c e rn in g  th e  value o f  re fu se  as fuel, 
b u t a sp o k esm an  fo r th e  S h o re d itc h  s ta tion  sta ted  in 1897 th a t en o u g h  h ea t 
was ra ised  fro m  th e  re fu se  to  d riv e  th e  250-kw . p la n t.27

T h e  sm all-a rea  s ta tio n , b o th  p riva te ly  a n d  lo ca l-au th o rity -o w n ed , p r e 
vailed in L o n d o n  b e fo re  W o rld  W ar I. P a rliam en ta ry  leg isla tion , th e  sm all 
scale o f  th e  c ity ’s in d u s tr ia l e n te rp r is e s , th e  absence  o f  electrical m a n u fa c 
tu re rs , a n d  c o n c e rn  fo r  th e  p re se rv a tio n  o f  local g o v e rn m e n t, a m o n g  o th e r  
factors, su s ta in ed  th is style o f  e lec trifica tion . T h e re  w ere, how ever, tw o 
con sid e rab le  a tte m p ts , led by tw o o u ts ta n d in g  B ritish  en g in ee rs , to  swim 
aga in st th e  tid e  a n d  b r in g  large-scale , cen tra lized  supp ly  to  L o n d o n . Both 
e ffo r ts  fo llow ed m od ifica tio n s in ex is tin g  leg isla tion  a n d  th e  d ev e lo p m en t 
o f  political a tt i tu d e s  th a t seem ed  to  favo r a ch an g e  o f  style. T h e  first e n 
d eav o r , h e a d e d  by th e  e n g in e e r  Sebastian  Z. d e  F e rran ti,  was s tim u la ted  
by th e  a m e n d in g  E lectric  L ig h tin g  Act o f  1888, a n d  th e  second , led by 
C h a rle s  H . M erz, was in te n d e d  to  lake ad v an tag e  o f  th e  reco m m en d a tio n  
o f  th e  V iscoun t C ross C o m m ittee  th a t P arliam en t au th o riz e  po w er com -

85City o f M elbourne, Engineers' Notes, p. II.
J" Paisonj, Early Days of the Power Station Industry, p. 124.
*’ Ibid., p. 135.
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pan ies. It is w o rth  n o tin g  th a t F e r ra n ti’s e n d e a v o r  co inc ided  w ith th e  d e 
v e lo p m en t o f  a lte rn a tin g  c u r r e n t  a n d  th a t M erz’s en d e a v o r  follow ed the 
w ide accep tan ce  o f  th e  u n iv ersa l system .

In  c o n ju n c tio n  w ith th e  ea sin g  o f  th e  recession  o f  th e  m id -1880s an d  the 
ra p id  rise  o f  th e  c en lra l-s la lio n  in d u s try  in A m erica , th e  E lectric L ighting  
Act o f  1888 d ram a tica lly  in c rea sed  in te re s t in e lectric  p o w er in B ritain , 
especially  in L o n d o n . Faced  by a n u m b e r  o f  q u estio n s c o n c e rn in g  th e  reg 
u la tio n  o f  fu tu re  su p p ly  in L o n d o n  a n d  with req u ests  fro m  f ifteen  private  
co m p an ie s  a n d  local au th o rit ie s  fo r a u th o riz a tio n  to  su p p ly  L o n d o n , the 
B oard  o f  T ra d e ,  w hich  exe rc ised  p a r lia m e n ta ry  au th o rity  ov e r electric  util
ities, re so r te d  to  a c o m m ittee  h e a d e d  by F. A. M arin d in  fo r g u id an ce  in 
issu ing  p rov is iona l o rd e rs . A m o n g  th e  q u es tio n s  th e  co m m ittee  co n sid ered  
w ere w h e th e r  u tilities sh o u ld  be allow ed to  c o m p e te  in th e  sam e local- 
au th o riiy  d is tric t a n d  to  w hat ex te n t a local au th o rity  cou ld  use p arlia 
m en ta ry  po w ers  to  e x c lu d e  a p riv a te  co m p an y  fro m  su p p ly in g  electricity  
w ith in  its ju r isd ic tio n . T h e  o n g o in g  s tru g g le  b e tw een  p ro p o n e n ts  o f  the  
d ire c t-c u r re n t a n d  a l te rn a tin g -c u r re n t system s b ro u g h t ad d itio n a l com 
plex ity  to  th e  d eb a te . A m o n g  th e  a p p lic a n ts  fo r  p rov is iona l o rd e rs  was the 
L o n d o n  E lectric S u p p ly  C o rp o ra tio n , w hich w an ted  to  bu ild  a p o w er station 
o f  u n p re c e d e n te d  size across the  T h a m e s  at D ep tfo rd . O th e r  utilities wanted 
to  es tab lish  re la tively  sm all a re a  su p p ly  system s.28

A fte r  h e a r in g  th e  testim ony  o f  e x p e rts  a n d  re p re se n ta tiv e s  o f  th e  local- 
a u th o rity  a n d  p riv a te  in te re s ts  f ro m  3 A pril to  1 May 1889, th e  M arindin  
C o m m ittee  re c o m m e n d e d  th a t local au th o rit ie s  be given  p rio rity  in ob
ta in in g  p rov is iona l o rd e rs ,  b u t th a t if  they  d id  n o t in te n d  to  app ly , they 
sh o u ld  n o t be allow ed to  block th e  g ra n tin g  o f  p ro v is io n a l o rd e rs  to  p rivate 
com p an ie s . T h e  co m m ittee  a lso u rg e d  th e  B o a rd  o f  T r a d e  to  g ra n t p ro 
visional o rd e r s  to  tw o su p p lie rs  w ith in  th e  sam e loca l-au th o rity  d is tric t if 
o n e  o f  th e  su p p lie rs  u sed  a lte rn a tin g  c u r r e n t  a n d  th e  o th e r  u sed  direct. 
(T h e  co m m ittee , in flu en ced  by “th e  ba ttle  o f  th e  system s,” believed  that 
a lte rn a tin g  c u r r e n t  h ad  n o t been  p ro v e n  a n d  th a t th e re fo re  custom ers  
sh o u ld  be given  th e  a lte rn a tiv e  o f  th e  m o re  reliab le , d ire c t c u r re n t.)  A p
p a re n tly  th e  co m m ittee  d id  n o t c o n s id e r  th e  possibility  th a t w ith fu r th e r  
d e v e lo p m e n t a lte rn a tin g  c u r r e n t  w ou ld  b ecom e as re liab le  as d irec t c u rre n t 
a n d  th e n  w ou ld  be d isc r im in a te d  aga inst because  o f  th e  co m p e titio n  p ro 
vision. N o r d id  it p ro v id e  well fo r th e  a.c. sy stem ’s g rea te s t s tre n g th : large- 
a rea  su p p ly  u sin g  h ig h -vo ltage  tran sm issio n . F u r th e rm o re ,  th e  com m ittee  
d id  n o t an tic ip a te  th e  in crease  in th e  city 's p o w er load  a n d  th e  resu lting  
n eed  fo r  la rg e  p o w er s ta tions to  su p p ly  n u m e ro u s  d istric ts. T h e  M arind in  
C o m m ittee  p e rp e tu a te d  th e  p a tte rn  o f  sm all-scale e lec tric  su p p ly  first d e 
fined  in th e  E lectric  L ig h tin g  Act o f  1882.

D espite  th e  co m m itte e ’s fa ilu re  to  s u p p o rt a lte rn a tin g  c u r re n t a n d  large- 
a re a  su p p ly , how ever, th e  L o n d o n  E lectric S u p p ly  C o m p an y  w ent ahead  
with its bo ld  sch em e  fo r  a c en tra l s ta tio n  o n  th e  T h a m e s  in D e p tfo rd , a 
so u th e a s t L o n d o n  b o ro u g h . It chose  S. Z. d e  F e rra n ti to  h ead  th e  p ro ject. 
F e r ra n ti’s re p u ta tio n  as an  in v e n to r  a n d  e n g in e e r  a n d  his success in re 
o rg a n iz in g  th e  G ro sv en o r  G allery  system  n o tw ith s tan d in g , it is d ifficu lt to 
u n d e rs ta n d  why he a n d  his financial backers took  such  a g re a t leap  beyond

v" The Electrician 23 ( I HH9):.r>r>-!itt.
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th e  sta te  o f  ex is tin g  tech n o lo g y  in th e ir  D e p tfo rd  p ro jec t. F e rra n ti 's  a l te r 
n a to rs , o r  a.c. g e n e ra to rs , at th e  G ro sv e n o r  G allery  s ta tio n  w ere 700 -h .p . 
u n its  tra n sm ittin g  at 2 .500  volts; w hat he p ro p o se d  fo r th e  new  cen tra l 
s ta tio n  w ere 10 ,000-h .p . a lte rn a to rs  tra n sm ittin g  at 10,000 volts. Not un til 
th e  first d e c a d e  o f  th e  nex t c e n tu ry  d id  en g in e e rs  de sig n , a n d  financial 
backers  risk , 10 ,000-h .p . u n its , a n d  th e se  w ere th en  d riv en  by tu rb in e — a 
s team  en g in e  th a t was m o re  a d a p ta b le  to  la rge-scale  tran sm issio n  (b an  (lie 
rec ip ro c a tin g  e n g in e s  en v isag ed  by F e r ra n ti .29

In  p ro p o s in g  th is rem ark ab ly  la rg e  increase  in scale, F e rra n ti not only 
d e f ie d  tra d itio n a l e n g in e e r in g  co n serv a tism  in th e  d ev e lo p m en t a n d  use 
o f  new  in v en tio n s b u t h e  in tro d u c e d  a system  th a t bad  n o t b een  fully p ro v en  
by w id esp read  use u n d e r  v a rio u s con d itio n s. T h e  in s ta lla tions o f  G anz  8c 
C o m p an y  a n d  W eslin g h o u se  in th e  U n ited  S ta tes w ere th e n  relatively  sm all 
in scale, invo lv ing  a lte rn a to rs  ra te d  in h u n d re d s ,  not th o u sa n d s , o f  kilo
watts. T h e re fo re ,  m istakes in th e se  system s w ould  n o t be so costly. F u r 
th e rm o re , G anz  a n d  W eslin g h o u se  in te n d e d  to  get involved  in th e  seria l 
p ro d u c tio n  o f  m ac h in e ry , th e  p ro b lem s o f  w hich cou ld  be so lved  by m odest 
a n d  fre q u e n t m od ifica tio n s, o r  m odel ch an g es. F.ven th o u g h  F e rra n ti had  
e s tab lished  a m a n u fa c tu r in g  e n te rp r is e  in 1887 a t C h a r te rh o u se  S q u a re  in 
L o n d o n  to  m ak e  d y n am o s , tra n s fo rm e rs , sw itches, a n d  o th e r  a p p a ra tu s , 
th e  D e p tfo rd  s ta tio n  co u ld  n o t be ju s tif ie d  as a " try o u t” fo r e q u ip m e n t he 
in te n d e d  to  im p ro v e  u p o n  a n d  sell in q u an tity , fo r few fin an c ie rs  and  
en g in e e rs  in th e  w orld  w ere read y  to  scale u p  so d ra m a tic a lly .’" W hat 
F e rra n ti was b r in g in g  in to  use was a system  th a t h ad  not been  successfully  
d ev e lo p ed  a n d  fo r  w hich  th e re  was little fo reseeab le  o p p o r tu n ity  fo r d e 
v e lo p m en t.

W hy was th e  excessively bo ld  p ro jec t e m b a rk e d  u p o n ?  F irst, it sh o u ld  be 
n o ted  th a t F e rra n ti  d id  en v isag e  th e  fu tu re , a t least in p a r t .  H e  w an ted  his 
g ian t p o w er p la n t to  be lo ca ted  on  th e  T h a m e s , w here  lan d  cou ld  be p u r 
c hased  cheap ly , coal t ra n s p o r te d  co n v en ien tly  a n d  inexpensively , waste 
rem o v ed  ex p ed itio u sly , a n d  coo ling  w ater u sed  easily. F rom  th is site e lec
tricity  cou ld  be tra n sm itte d  across th e  riv er to  th e  heavily se ttled  d istric ts 
o f  L o n d o n  a n d  th e re  d is tr ib u te d  by tra n s fo rm e rs . T h e re fo re ,  F e rra n ti saw 
b ey o n d  th e  local d ire c t-c u r re n t s ta tio n s th a t w ere soon  to  m u sh ro o m  in 
L o n d o n . O n  th e  o th e r  h a n d , d e sp ite  th e  absence  o f  a practical m o to r, he 
used single-phase a lte rn a tin g  cu rren t. But the  fu tu re  lay with m otors (pow er) 
a n d  ligh tin g , n o t ju s t  w ith ligh ting . O th e rs  c o n s id e red  th e  lack o f  a practical 
m o to r  fo r  th e  a.c. system  to  be a critical p ro b lem  an d  w ere energe tica lly  
try in g  e i th e r  to  solve it o r  to  avoid  u sin g  a lte rn a tin g  c u r re n t  a lto g e th e r  (see 
p. 110 above).

A n o th e r  e x p la n a tio n  fo r  F e r ra n ti’s p ro jec t was th e  e n tre p re n e u r ia l  sp irit 
o f  his financial b ackers. F e r ra n ti’s y o u th  a n d  b rilliance u n d o u b te d ly  c a p 
tu re d  th e ir  im ag in a tio n . S ir C o u lts  L indsay  a n d  L ord  W an tag e  (R obert 
J a m e s  L indsay , a b ro th e r  o f  C o u tts  L indsay) w ere th e  heaviest subscribers

70 A Description of the Inception and Growth of the London Electric Supply Corporation Limited and 
Its Deptford Generating Station. 1889-1912 (n.p.. n.d.), a 20-page pamphlel loaned to llie author 
by Mr. J. Hood of London.

30 W. L. Randcll, S. de Ferranti and His Influence upon Electrical Development (London: 
Longmans. G reen, 1948), p. 3.
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lo  th e  u n d e rta k in g . T h e s e  tw o w ere m em b ers  o f  th e  L indsay  fam ily head ed  
by th e ir  n ep h ew  th e  e a rl o f  C raw fo rd . L o rd  W an tage , w ith sh a re s  valued 
a t £ 2 2 0 ,000 , was th e  la rg est s h a re h o ld e r . H is re la tio n sh ip  to  F e rra n ti was 
s im ila r to  th a t o f  W all S tre e t fin an c ie rs  lo  E dison . W an tag e  re p re se n te d  
th a t seg m en t o f  th e  B ritish  a ris to cracy  w hich h a d  a h is to ry  o f  financing  
techno log ica l ch an g e . (E d w ard  J o h n s o n ,  fo r  in stance , a p p e a le d  to  it w hen 
he b ro u g h t E d iso n ’s system  to  L o n d o n .)  D istin g u ish ed  o f  b ea rin g , E ton- 
e d u c a te d , a m e m b e r  o f  th e  Scots F usilie r G u a rd s , h u sb an d  o f  th e  heiress 
to  a p rince ly  fo r tu n e , so ld ie r, a n d  p a tro n  o f  w orthy  causes, W an tage  had 
financial d a r in g  to  m atch  th e  d a r in g  o f  F e r ra n ti’s e n g in e e r in g . R. H . P ar
sons believed  th a t L o rd  W a n ta g e ’s financial c o u ra g e  was c o m p arab le  to  the 
physical c o u ra g e  th a t h ad  e a rn e d  h im  th e  V ictoria  C ross in th e  C rim ean  
W ar.31

A ccoun t sh o u ld  a lso be tak en  o f  th e  bu llish  sp irit th a t h ad  re su rfaced  
a m o n g  B ritish  in vesto rs  by 1887. A n u m b e r  o f  e n tr e p re n e u r s  w ho had 
p u lled  o u t o f  e lectrical inv estm en ts  in 1882 a n d  1883 w ere  now  op tim istic  
th a t P a rliam en t w ou ld  soon  pass a bill m o re  fav o rab le  to  p riv a te  v en tu res  
th a n  th e  act o f  1882 h ad  b e e n .32 T h e re  was ta lk  o f  a m igh ty  B rita in  s h ru g 
g in g  o f f  h e r  le th a rg y  a n d  c losing  th e  g a p  b e tw een  h e rse lf  a n d  th e  e n te r 
p ris in g  Y ankees in th e  d ev e lo p m e n t o f  e lectrical su p p ly .33 Soon th e  new s
p a p e rs  w ere c o m p a rin g  th e  y o u n g  F e rra n ti  w ith th e  y o u n g  E dison; p e rh ap s  
S ir C o u tts  L indsay  a n d  L o rd  W an tag e  h ad  b een  s tru ck  e a r lie r  by th e  sam e 
analogy .

O n  26  A u g u s t 1887 en th u sia stic  fin an c ie rs  re g is te re d  th e  L o n d o n  E lectric 
S upp ly  C o m p a n y  (LESC) w ith an  a u th o riz e d  cap ita l o f  £1 m illion .34 T h e  
c o m p a n y ’s tw en ly -th ree -y ea r-o ld  c h ie f  e n g in e e r  d e s ig n e d  th e  D ep tfo rd  s ta 
tion  ho u se  w ith s ta rk , re c ta n g u la r , 150-foot ch im neys. T h e  b u ild in g  was 
to  be 210  feet long  a n d  195 feet w ide. T here  w ere  to  be tw o en g in e  room s 
w ith in  th e  s tru c tu re : o n e  co n ta in in g  tw o 1 ,250-h .p . C orliss en g in es  d riv ing
5 ,000-volt F e rra n ti  a lte rn a to rs ;  th e  o th e r  h o u s in g  fo u r  m a m m o th  10,000- 
h .p . en g in es , each  d irec tly  co u p led  to  a 10,000-volt F e rra n ti  a lte rn a to r . T h e  
s ta tio n 's  u ltim a te  capacity  was to  be 120,000 h .p .

Like Edison  b e fo re  him  at th e  Pearl S tree t sta tio n , F e rra n ti  spec ified  o r 
d es ig n ed  m ost o f  th e  m a jo r c o m p o n e n ts  o f  his system  a n d  p la n n e d  the 
layout o f  his p lan t. A B ritish  electrical jo u rn a l  d u b b e d  h im  a M ichelangelo , 
a n d  Punch  c re a te d  a d ia lo g u e  b e tw een  J o h n  Bull a n d  E dison  in which 
F e rra n ti was a ch am p io n  o f  B rita in 's  electrical p rog ress .

Edison 
. . you still have some go.

You haven't yet mastered the big dynamo.

41 Parsons, Early Days of I hr Power Station Industry, p. 23.
Clipping horn Money, 7 November IHH8, "Deptford Clipping Book." Science Museum.

London, used with the kind permission o f Dame M. K. Weston, then keeper o f the Electrical 
E ngineering Collection at (he museum.

44 Clipping from Electrical Engineer (London). 26 O ctober 1888, "Deptford Clipping Book."
Science Museum, London.

44 Deptford, a short historical pamphlet reprinted Trom Notes and Records of the Royal Society
of London 19 (1964): 2; and Money, 7 November 1888.
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Figure IX .2. S. 7.. de Ferranti. the 
rnodrm-day Colossus, astride the London he 

intended to light. Cartoon in Electrical 
Plant. May 1889.

John  Dull
No. that's what I fear, my own knowledge is scanty.
And 1 can’t decide between you and Ferranti;
But. if we are licked by Berlin I must try 
T o  stir up the slugs o f the “London Supply."51

C o n s tru c tio n  o f  th e  D e p tfo rd  s ta tion  b eg an  in 1888, a n d  F e rran ti h o p ed  
to  be su p p ly in g  L o n d o n  fro m  th e  sta tio n 's  two 1,250-h .p . sets by 1889. 
T h e se  w ould  c a rry  th e  load  un til th e  10 ,000-h .p . un its  w ere in place. In 
O c to b e r  1888 The Electrician  p ro u d ly  r e fe r re d  to  th e  D e p tfo rd  s ta tio n  as 
an  an sw er to  "Y an k ee  boasts,"  a n d  Electrical Engineer said  it w ould  “cause 
o u r  A m erican  cousins  to  re c o n s id e r  th e  v erd ic t o f  c o n tin u e d  backw ardness 
o f  E n g lan d  in th e  m a tte r  o f  c en tra l s ta tio n s fo r  e lectric  lig h tin g .”30

By 1889, how ever, p ro b lem s h a d  d e v e lo p ed , a m o n g  th em  th e  d e lib e r
a tions o f  th e  M a rin d in  C o m m ittee , which p e r ta in e d  especially  to  F e rran ti 's  
new  co m p an y . A lm ost a d o zen  co m p an ie s  h ad  ap p lied  fo r th e  rig h t to  light 
L o n d o n  d is tric ts  u n d e r  th e  p rov is ions o f  th e  Electric L ig h tin g  Act o f  1888, 
a n d  LESC so u g h t a lio n ’s s h a re  o f  th e  m e tro p o lita n  a rea . As w ould  be th e  
case in 1905, w hen  a n o th e r  bo ld  sch em e fo r L o n d o n  was p ro p o se d  by a 
p riv a te  c o m p an y , th e  local a u th o ritie s  o f  L o n d o n  now o p p o sed  LESC ’s 
req u es t fo r a la rge  su p p ly  a rea . T h e  S tra n d  a n d  St. M ary lebone  au th o ritie s ,

51 Punch, D October 1889, quoted in G ertrude Ziani de Ferranti and Richard Ince. The Lift 
and Letters of Sebastian Z. de Ferranti (London: Williams Sc Norgatc, 1934), p. 64.

w Clippings from The Electrician, 26 O ctober 1888, and Electrical Engineer (London). 26 
O ctober 1888, “Deptford Clipping Book," Science Museum, London.
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th e  St. M arg a re t a n d  St. J o h n  (W estm inste r) vestries, a n d  th e  St. Pancras 
vestry all o b jec ted  b e fo re  th e  M arin d in  C om m ittee . Each sla ted  th e  in ten 
tion  to  estab lish  its ow n  system  a n d  cla im ed p rio rity  o v e r th e  p riv a te  com 
p an y .37 U n fo rtu n a te ly , f ro m  th e  p o in t o f  view o f  th e  D e p tfo rd  p lan , the 
M arin d in  C o m m ittee  in M ay 1889 d ec id ed  to  re d u c e  th e  te rr i to ry  sough t 
by LESC a n d  to  allow  co m p e titio n  be tw een  a.c. a n d  d.c. system s w ith in  the 
co m p a n y ’s L o n d o n  d istric ts. Even R. E. H . C ro m p to n , o f  th e  co m peting  
M e tro p o litan  S u p p ly  C o m p an y , la te r  called  u n fa ir  to  LESC th e  M arind in  
C o m m itte e ’s d is tric t a p p o r tio n m e n t.  I n ju s t ic e  to  th e  co m m ittee , it should  
be n o ted  th a t te lling  critic ism s o f  th e  new  a.c. system  w ere ra ised  d u rin g  
th e  h ea rin g s. T h e se  in c lu d ed  th e  p re d ic tio n  th a t a.c. transm ission  lines 
w ould  in te rfe re  w ith te le g ra p h  a n d  te le p h o n e  serv ice a n d  th e  w arn in g  tha t 
th e  c o n c e n tra tio n  o f  e n e rg y  in o n e  s ta tio n  w ould  in tro d u c e  th e  risk o f  a 
sing le  a c c id en t’s d a rk e n in g  m u ch  o f  L o n d o n . T h e  d .c. s ta tions, tran sm ittin g  
ov e r a lim ited  a re a , sp re a d  th e  risk  o f  b lackou t o v e r a n u m b e r  o f  stations. 
D e p tfo rd — a g rea t e x p e r im e n ta l v e n tu re — w ould  have to  c o m p e te  w ith the 
sm all d.c. s ta tio n s th a t h a d  alm ost a d e c a d e  o f  o p e ra tin g  ex p e rien ce .

LE SC ’s d ire c to rs  a d ju s te d  to  th e  M arin d in  C o m m itte e ’s re p o r t  by lim iting 
F e rra n ti  to  tw o in stead  o f  fo u r  10 ,000-h .p . g e n e ra to r  sets a n d  by dec id ing  
to  b u ild  e lsew h ere  a n o th e r  2 0 ,0 0 0 -h .p . s ta tio n . By th e  su m m e r  o f  1889 the 
two 1 ,250-h .p . s team  en g in es  h ad  b een  e re c te d  a n d  th e  a lte rn a to rs  w ere 
n e a r  c o m p le tio n . T h e  10 ,000-h .p . s team  en g in es  w ere b e in g  b u ilt by M essrs. 
H ick, H a rg re a v e s  8c C o m p an y , L td ., w hich h a d  th e  h eav iest steel ingots in 
B ritish  h is to ry  cast fo r fo rg in g  in to  en g in e  c ran k sh a fts . A t D e p tfo rd . F er
r a n ti u sed  im m en se  m ach in e  tools to  fin ish  th e  s ta tio n ’s a l te rn a to r  com 
p o n en ts . (See Figs. IX .3 a n d  IX .4.)

In  S e p te m b e r  1889  T h o m a s  A. E dison  v isited  th e  D e p tfo rd  sta tio n , which 
was gaily b ed eck ed  fo r his a rriva l. T h e  London Daily News r e p o r te r  who 
a cco m p an ied  h im  w ro te  tha t Edison  looked  en e rv a te d  by his co ld , b u t tha t 
his ex p re ss io n  b r ig h te n e d  w hen  he saw th e  1 .250-h .p . un its . E dison  was 
also said  to  have  lis tened  w ith in te re st to  th e  d esc rip tio n  o f  th e  10 ,000-h.p. 
u n its , d e sp ite  his firm  advocacy  o f  d .c. s ta tio n s a n d  his p a rtisan  ro le  in “the 
ba ttle  o f  th e  c u r r e n ts .’’38

W h en  a r e p o r te r  a sked  E dison , “N ow, M r. E dison  . . . how  d o  you th in k  
we a re  g e ttin g  a lo n g  in th is c o u n try ?"  he  rep lied , “Y ou m ay be slow to 
beg in  b u t I m u st say th a t w hen  you d o  go  a h e a d , you m ay even  beat us." 
E dison  p o in te d  o u t th e  d a n g e r  to  life o f  10,000-voll tran sm issio n , as co m 
p a re d  to  his ow n low -voltage system , w hich d id  n o t e n d a n g e r  even  a child . 
Yet w hen  su m m in g  u p  his im p ressio n s o f  D e p tfo rd  fo r th e  re p o r te r ,  he  
excla im ed  in his way, “O h , it will go !”3'1

B u t it d id  n o t go, at least n o t as F e rra n ti  h ad  env isaged  it w ould . T h e  
s ta tion  tra n sm itte d  no  electric ity  in 1889— a d isa p p o in tm e n t to  investors, 
w ho h ad  been  led to  ex p ec t tran sm issio n  in 1888. F e r ra n ti’s en th u siasm  
d id  no t lag, how ever. As his w ife w ro te , “T h e  p rin c ip a l th in g  I re m e m b e r

17 The Electrician 23 (1889): 148.

61 " t f t nd0" ^ ° ,/V NfWi’ ^  ^e P,<‘n'*,cr 1889. quoted in Ferranti and Ince, Life o f Ferranti, pp.

lw Engineering News (đ Post, 26 Septem ber 1889, "Deptford Clipping Book," Science Mu
seum. London.
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Figure IX .3. Ferranti's sketch of the 
Deptford station boiler and economizer, 

dated ISS7. Courtesy of the Ferranti Ltd.
Archives. Ilollinwood. England.

Figure IX.4. A Ferranti alternator under 
construction, Deptford station, 1889. 

Courtesy of the Ferranti Ltd. Archives, 
Hollinuiood, England.

d u r in g  those  first m o n th s  o f  m a rr ie d  life was D ep tfo rd , a n d  aga in  D ep tfo rd . 
W e ta lked  D e p tfo rd  a n d  d re a m e d  D e p tfo rd .'’40

W hen , fo r ex am p le , F e rra n ti fo u n d  th a t th e  cab le  he h ad  p u rc h a se d  to 
tran sm it 10,000 volts to  L o n d o n  w ould  not do , he d es ig n ed  his ow n. T h e  
F e rra n ti “m a in s” exc ited  m u ch  co m m en t at th e  tim e  a n d  a re  recogn ized  
today  as a la n d m a rk  in th e  d ev e lo p m en t o f  p ap e r- in su la te d  cable. F e rran ti 
m a in ta in ed  th e  o u te r  c o n d u c to r  o f  his cable at e a r th  p o ten tia l h igh -vo ltage  
a n d  by m ean s o f  a d ram a tic  d e m o n s tra tio n  p ro v ed  th e  cable safe  u n d e r  
these  c ircu m stan ces (th e reb y  also reliev ing  th e  anx ie ty  o f  public  au th o ri-

<n Ferranti and Ince. Life of Ferranti, p. 95.
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Figure IX. 5. Deptford central station. 
From London Illustrated News. 26 

October I.SS9. Courtesy of the Ferranti Ltd.
Archives. Ilollinwood. England.

ties). W hile  o n e  o f  F e r ra n ti’s assistan ts h e ld  a co ld  ch isel, a n o th e r  d ro v e  it 
th ro u g h  th e  live 10.000-voli cable. T h e  ch isel sh o rt-c ircu ited  th e  m ain , and  
a fuse  cu t th e  supp ly . Y ears la te r, on  3 M arch  1910, F e rra n ti  w ro te  w ith 
ju s tif ia b le  p r id e  to  his son . V incen t: "A lth o u g h  th e se  m ains w ere m ad e  in 
a g re a t h u r ry  a n d  with so m ew h at fau lty  app lian ces , a n d  w ith a g rea t w ant 
o f  kn o w led g e , n o tw ith s ta n d in g  th a t,  at least h a lf  th e  q u a n tity  o f  m ains 
orig ina lly  laid  do w n  a re  still su p p ly in g  L o n d o n  on  10,000 volts today , the 
rem a in in g  p o rtio n  o f  these  sam e m ains b e in g  still in u se  b u t w o rk in g  at a 
low er p re s s u re .’"11

In  O c to b e r  1890 th e  D c p tlo rd  s ta tio n  tra n sm itte d  c u r r e n t  to  L o n d o n , 
an d  h o p es  ra n  h ig h . O n  15 N o v em b er 1890, h ow ever, th e  First o f  a series 
o f  m ish ap s o c c u rre d . T h e  o ld G ro sv e n o r  G allery  sta tio n , now  co n v e rted  
to  a su b sta tio n  with a b an k  o f  tra n s fo rm e rs  to  s tep  do w n  th e  vo ltage, was 
de s tro y e d  by fire . T h e  fire  b eg an  w hen  an  a rc  fo rm e d  as a s ta tio n  a tte n d a n t 
rem o v ed  a p lu g  sw itch ca rry in g  h ig h  voltage. T h e  a tte n d a n t e x te n d e d  the 
a rc  by p u llin g  th e  p lu g  back in stead  o f  rep lac in g  it, a n d  th e  a rc  ra n  u p  th e  
w oodw ork , se llin g  fire  to  th e  ceiling . T h e  blaze d es tro y ed  th e  su b sta tion  
in tw enty  m in u te s  a n d  cost LLSC ab o u t £1 5 ,0 0 0  in  u n in su re d  a p p a ra tu s . 
F e rra n ti  b lam ed  th e  a tte n d a n t. In  an  in terv iew  he  a rg u e d  th a t th e  m an  
cou ld  have re in se r te d  th e  p lu g  sw itch, pu lled  th e  sw itch n earb y  to  cu t o ff 
th e  c u r r e n t  to  th e  p lu g  sw itch, o r  p u lled  th e  m ain  safety  switch to  cu t o ff 
th e  su p p ly  Trom D e p tfo rd . W ith  h in d s ig h t, an  e n g in e e r  today  m igh t ju d g e  
th e  h u m a n  c o m p o n e n ts  o f  th e  syslem  o v e rlo ad ed .

T h e  co m p an y  m ad e  re p a irs  qu ick ly  a n d  by D ecem ber h ad  re s to re d  serv 
ice fro m  D ep tfo rd  via th e  G ro sv e n o r  su b sta tio n , b u t o n  3 D ecem b er 1890 
th e  syslem  aga in  Tailed w hen o n e  re p a ire d  t ra n s fo rm e r  a t D e p tfo rd  b u rn e d  
o u t a n d  t ra n s fe r re d  its load to  th e  a lread y  fully lo ad ed  re m a in in g  tra n s 
fo rm ers . 1 h e  b an k  o l tra n s fo rm e rs  b u rn e d  o u t in succession. All D ep tfo rd -

41 Ferranti Private Letters, vol. -1, letter no. 477b. 1 am indebted to C. J. Sommers, compan) 
archivist for Ferranti Ltd.. Hollinwood, England, for calling iny attention to this letter.
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Figure IX.6. A London Electric Supply 
Corp., Ltd.. leaflet, c. 1893. From 

Ridding, S. Z. de Ferranti, p 17. The London E lec lrio  S upp ly  Corporation Lim ited.

s u p p lie d  ligh ts b lacked  o u t. A fte r  th e  second  d isaste r, th e  co m p an y  d is
c o n tin u e d  serv ice  fo r  th re e  m o n th s  to  ca rry  o u t m ajo r m od ifica tions in th e  
system . R ew ind ing  o f  th e  tw o 1,250-h .p . un its  w ould raise  th e ir  o u tp u t 
v o ltage fro m  5 ,000  lo  10,000, th e reb y  m ak in g  it possible to  feed  th e  o u tp u t 
in to  th e  10,000-voll m ains  w ithou t u sing  a s te p -u p  t ra n s fo rm e r. In  th e  
m ean tim e , F e rra n ti  p la n n e d  to  use two 200-kw. a lte rn a to rs  b ro u g h t over 
f ro m  th e  o ld  G ro sv e n o r  sta tion . T h e  sm all o u tp u t o ffe re d  no  p ro b lem , 
s ince th re e -q u a r te rs  o f  th e  D ep tfo rd  s ta tio n ’s cu sto m ers  h ad  been  lost d u r 
ing  th e  sh u td o w n . T h e  co m p an y  w ent ah e a d  w ith th e  co n s tru c tio n  o f  a d 
d itiona l sub sta tio n s at T ra fa lg a r  S q u a re , B lackfriars, a n d  D e p tfo rd , a n d  by 
A u g u st 1891, 3 0 ,000  lam ps w ere co n nec ted . W hen F e rran ti le a rn ed  tha t 
th e  co m p an y  w ould  n o t com p le te  th e  g ian t a lte rn a to rs , how ever, he  re 
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signed . A fte r his d e p a r tu r e ,  fa ilu re  o f  system  c o m p o n e n ts  c o n tin u ed  to 
p lag u e  th e  D ep tfo rd  s ta tio n . In  N ov em b er, th e  b o a rd  ch a irm an  re m ark ed , 
" T h e  w hole th in g  cam e to  a co llapse; th e  d y n am o s, m ains, a n d  every th ing  
w ent w rong . . . .”42 A m u ch -ch an g ed  D e p tfo rd  su rv ived , b u t a r e v a lu a t io n  
o f  stock  in 1898 rev ea led  th a t th e  L o n d o n  E lectric S upp ly  C o rp o ra tio n  had 
lost a t least £400 ,000 .

T w o  lead in g  B ritish  e lectrical e n g in e e rs  w ere b ro u g h t in to  assess the 
situ a tio n . John  H o p k in so n  a n d  J o h n  A m b ro se  F lem ing  c o n c lu d ed  that 
b ecause  o f  its h ig h -vo ltage , lo n g -d is tan ce  tran sm issio n , th e  D e p tfo rd  station 
was constitu tio n a lly  a fflic ted  a n d  was su rv iv in g  “on  very  th in  ice." T h e  
co n su ltin g  e n g in e e rs  h o p e d  th a t th e  ice cou ld  be th ick en ed . T h e  only  total 
so lu tio n  w ou ld  be to  bu ild  new , sm all d .c. s ta tio n s n e a r  th e  a re a  o f  c o n 
su m p tio n . In  an  e ra  w hen  “th e  ba ttle  o f  th e  c u r r e n ts ” was be in g  w aged  by 
th e  advoca tes  o f  a lte rn a tin g  a n d  d ire c t c u r re n t,  th is was an  especially  h u 
m ilia ting  blow fo r  th e  a.c. ch am p io n , F e rran ti.  T h e  co n su ltan ts  m ad e  m any 
techn ica l su g g estio n s to  salvage th e  best o f  w hat they  ju d g e d  a bad  en g i
n e e r in g  situ a tio n . T h e y  re c o m m e n d e d  re d u c in g  th e  tran sm issio n  voltage 
to  5 ,000  if  th e  c o m p an y  c o n tin u e d  a.c. tran sm issio n , b u t w ould  give no 
a ssu ran ces o f  th e  system ’s p e rfo rm a n c e .43

H is to rian s ' a n d  e n g in e e rs ’ assessm en ts o f  F e rra n ti  have b een  m o re  sym 
pa th e tic . R. H . Parsons, in The Early Days o f the Power Station Industry, says 
th a t a t D e p tfo rd , F e r ra n ti’s p resc ience  w ith re g a rd  to  e lectrical d ev e lo p 
m e n t was “little  sh o rt  o f  m arve lous; his e n g in e e r in g  c o u ra g e  in a tte m p tin g  
to  realize  his vision . . .  no  less w o n d e rfu l."  W. L. R ande ll, in 5. Z. de Ferranti, 
dism isses th e  system 's fa ilu re s  by s ta lin g  th a t in th a t m ag n ificen t a n d  d a r in g  
e n te rp r is e  F e rra n ti  ach ieved  w hat e n g in e e rs  o f  s ta n d in g  c o n s id e re d  im 
possible. In  O x fo rd 's  ftve-volum e History o f Technology th e  “co llapse” o f  the  
D e p tfo rd  s ta tion  is ig n o red  a n d  F e r ra n ti’s e x p e r im e n t is c h a rac te rized  as 
th e  fo r e ru n n e r  o f  all la rg e  c en tra l sta tions. Percy D u n sh e a th , in  A History 
o f Electrical Power Engineering, w rites o f  th e  g re a t re p u ta tio n  F e rra n ti e a rn e d  
fro m  his schem e. O n  th e  o th e r  h a n d . L o rd  H in to n  o f  B ankside  n o tes  “th a t 
if  you feel th a t th e  g re a t e n g in e e r  o u g h t to  be n o t m ere ly  an  innovative 
gen iu s  b u t sh o u ld  also give good  value to  his financial sp o n so rs  th e n  F er
ran ti c anno t stand  beside m en like G eorge S tephenson  o r  T e lfo rd  o r  W att.”44 
A t least F e rra n ti  is associated  w ith th e  g rea t Sm ilesian  en g in e e rs .45

F e r ra n ti’s re flec tio n s alm ost h a lf  a c e n tu ry  la te r  p ro v id e  an  in te re s tin g  
d e fe n se  o f  his p lan  a n d  ex ecu tio n  o f  it. A fte r  n o tin g  a n u m b e r  o f  m echanical 
a n d  electrical p ro b lem s solved in th e  co u rse  o f  co n s tru c tio n , tes ting , an d  
early  o p e ra tio n , he lam en ted  th e  c o m p a n y ’s fa ilu re  to  install th e  10,000-

”  Parsons, Early Days of the Powrr Station Industry, p. 39.
" J .  A. Fleming and John  Hopkinson, "Report o f December 1891"; copy in die Elecirical 

Engineering Collection, Science Museum, London.
44 Parsons. Early Days of thr Power Station Industry, p. 28; Randell, Ferranti, pp. 9-19; Percy 

Dunslteall), A History of Electrical Power Engineering (Cambridge. Mass.: M.I.T. Press, 1962). 
p. 167; C. Singer. E. J. I lolmyard. A. R. Hall, and T . I. Williams, eds.. A History of Technology, 
5 vols. (New York: O xford Univcrsiiy Press, 1958), 5: 199-200; Lord Ilinlon or Banksidc. 
Heavy Current Electricity in the United Kingdom: History and Development (Oxford: Pergamon 
Press, 1979), p. 30.

■•'On ihc character o f lite Smilcsian engineers, see Thom as P. H ughes, ed.. Selections from 
Lives of the Engineers (Cambridge, Mass.: M.I.T. Press, 1966), pp. 1-29.
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h .p . un its , w hich , h e  sta les, w ere  bu ilt a n d  n ev e r  e rec ted . H e fo u n d  ii h igh ly  
s ig n ifican t th a t re c ip ro c a tin g  s team  e n g in es  fo r  th e  N ew Y ork  subw ay c o n 
s tru c te d  ten  years la te r  w ere  also 10,000 h .p ., h ad  tw o lo w -p re ssu re  cyl
in d e rs  o f  th e  sam e d ia m e te r  (88 in.) as his, a n d  th e  sam e p is ton  sp eed  
( ab o u t 750  ft./m in .). “[It] seem s a cu r io u s  co in c id en ce ,"  h e  w ro te , “th a t ten  
y ears la te r  on  th e  best e n g in e e r in g  p rac tice  was still co n s id e re d  to  be w hat 
we h ad  p la n n e d  a n d  bu ilt fo r  D e p tfo rd .” T h e  fa ilu re  o f  th e  D e p tfo rd  s ta tio n  
was, h e  reca lled , “se ttled  b e fo re  it s ta r te d .” H e re fe r re d  to  th e  dec ision  
m a d e  by th e  M arin d in  C o m m itte e  to  g rea tly  re d u c e  th e  p re su m e d  a rea  o f 
su p p ly , a n d  “w orse th a n  th is ,"  h e  co n tin u e d , “we h ad  c o m p e titio n  fro m  
local s ta tions a r r a n g e d  fo r  in every  p a r t  o f  o u r  a rea ."  T h e se  c o m p e tito rs  
took  ac tua l a n d  p o ten tia l cu s to m ers  as D ep tfo rd  ex p e rie n c e d  its b re a k 
dow ns. W ith  a m o n o p o ly , th e  c o m p an y  co u ld  have  he ld  on  a n d  m o d ifica tio n  
w ould  have  b een  possib le , F e rra n ti  c o n c lu d e d .46

F e r ra n t i ’s D e p tfo rd  sta tio n  was b eg u n  in 1888, a b o u t th e  lim e  T esla  a n d  
th e  o th e r  in v e n to rs  o f  th e  p o ly p h ase  system  w ere  tak in g  o u t th e ir  p a ten ts ; 
it was a b a n d o n e d  in its g ra n d  d im en s io n s  in 1891, th e  y ea r th a t p o lyphase  
pow er transm ission  was successfully d e m o n s tra ted  at F ran k fo rt on  the  M ain. 
D u rin g  th e  y ears w h en  it was b e in g  bu ilt a la rg e  n u m b e r  o f  sin g le -p h ase  
a lte rn a t in g -c u r re n t  c e n tra l s ta tio n s  w ere  c o n s tru c te d , b u t by th e  m id -n in e 
ties e n g in e e rs  a n d  s ta tio n  m a n a g e rs  h ad  b eg u n  to  c o m p re h e n d  th e  a d v a n 
tages o f  th e  u n iv e rsa l, p o ly p h ase  system  fo r  su p p ly in g  ligh t, sta tio n a ry  
p ow er, a n d  trac tio n . In  s h o rt,  F e rra n ti  set o u t on  his bo ld  v e n tu re  in a tim e 
o f  tra n s itio n  a n d  p u rs u e d  a co u rse  th a t b rie fly  a p p e a re d  to  be th e  m a in 
s tream  b u t took  h im  o u t o f  th e  ris in g  tid e  o f  techno log ical chan g e .

O th e r  L o n d o n  u tilities  a lso  e x p a n d e d  g rea tly  d u r in g  th e  p e r io d  o f  t r a n 
sition  a n d  th e n  fa iled  to  co m m it them selves  to  th e  u n iversa l, po lyphase  
system . T h e re  was a f lu rry  o f  c o n s tru c tio n  o f  new  v e n tu re s  a f te r  passage 
o f  th e  E lectric L ig h tin g  A ct o f  1888. L o n d o n  seem s to  have been  th e  E u 
ro p e a n  city best lig h te d  by electric ity  in 1891, b u t it o p te d  fo r d ire c t c u r re n t 
a n d  s in g le -p h ase  a lte rn a tin g  c u r re n t.  D u rin g  th e  F ra n k fo r t  exh ib itio n  th e  
o rg a n iz e rs  c o n d u c te d  a su rvey  am o n g  th e  lead in g  electrical m a n u fa c tu re rs  
in a tte n d a n c e  to  a sce r ta in  th e  location  o f  m a jo r cen tra l s ta tions in E u ro p e  
a n d  d isco v ered  th a t L o n d o n  h ad  m o re  in can d escen t ligh ts lit fro m  cen tra l 
s ta tio n s th a n  B erlin , Paris, o r  any  o f  th e  o th e r  m etropo lises . A cco rd in g  to  
th e  1891 co m p ila tio n , L o n d o n  h ad  47 3 ,0 0 0  incan d escen t lam ps ra te d  at 
16 c .p ., B erlin  h ad  75 ,000 , a n d  Paris 67 ,6 0 0 .47 O f  th e  L o n d o n  lam ps,
3 0 7 ,000  w ere co n n e c te d  to  s in g le -p h ase  a lte rn a tin g  c u r re n t.  Even th o u g h  
th e  co m p ile rs  s tre ssed  th e  inco m p le ten ess  o f  th e  su rvey , a n d  even  th o u g h  
th e re  a re  o bv ious e r ro r s  in it, L o n d o n 's  lead  was s ign ifican t. A fte r  th is b u rst 
o f  ligh t, how ever, L o n d o n — a n d  E n g lan d — virtually  ig n o red  th e  p o lyphase  
system  d u r in g  th e  1890s, fo rm a tiv e  d ecad e  o f  th e  new  system . N atives cou ld  
o n ce  ag a in  a t th e  tu rn  o f  th e  cen tu ry  lam en t, as they  h ad  in th e  e igh ties, 
B rita in ’s e lec tric  lig h tin g — a n d  now  po w er— lag .48

By 1900 P a rliam en t was b e ing  to ld  th a t electrical techno logy  p u sh e d  to

’"Clipping Trom The Engineer, 16 June  1944. p. 469.
47 Offhielte Zeitung der Inlernationalen Ausstellung Frankfurt am Main 1891, pp. 634-39. T here  

are apparent omissions and errors in this list.
Byatt, British Electrical Industry, p. 69.
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T able IX.I. L egislation Rela to Electric Service in the London Area

Central Scope of Act

Central Acts
Electric Lighting Act, 1882

Electric Lighting Act, 1888

Electric Lighting (Clauses) Act, 1899

Electric Lighting Act. 1909

Electricity (Supply) Act. 1919

Electricity (Supply) Act. 1922

Electricity (Supply) Act, 1926 
Electricity (Supply) Act, 1928 
Electricity (Supply) Act, 1933 
Electricity (Supply) Act, 1935 
Electricity Supply (Meiers) Act. 1936

London Acts
London Electric Lighting Areas Act, 

1904
London Electric Supply Act. 1908 

London Electric Supply Act, 1910

London Electricity (Nos. I and 2) 
Acts. 1925 

L ondon and Home Counties Joint 
Electricity Authority Act. 1927

C onditions of franchises: early term s of purchase 
(21 years)

Extended period of franchises and improved 
term s of purchase 

Standard clauses for special orders and private 
acts

Prohibited unauthorized competition with statu
tory utilities

Established electricity commissioners and provided 
lo r establishment o f jo in t electricity authorities 

C onferred fu rther powers on electricity commis
sioners and joint electricity authorities 

Established Central Electricity Board and the Grid 
Minor am endm ents to the 1919 act 
Minor am endm ents to the 1919 and 1922 acts 
CEB authorized to sell energy to railroads 
Minor im portance

A djustm ent of service areas of utilities

Purchasing powers of local authorities transferred 
to London County Council 

Constituted London County Council purchasing 
authority for utilities to which 1908 act did not 
apply

Repealed purchase provisions o f earlier acts. Im
posed sliding scale 

C onferred additional powers on Joint Electricity 
Authority

Source: Merz Sc McLellan. Report o 
p 49.

Electric Smnce in New York. London, Paris, c d Berlin

b u rs tin g  th e  seam s o f  lo ca l-au th o rily  con fines . P riva te  cap ita l so u g h t a u 
th o rity  to  estab lish  po w er co m p an ie s  o u ts id e  L o n d o n  in o rd e r  to  supp ly  
electric ity  in bu lk  o v e r a la rg e  a re a  fro m  large-scale  p o w er p lan ts  ho u sin g  
th e  new ly in tro d u c e d  s team  tu rb in e  as p r im e  m over. S om e e n g in e e rs  co n 
sid e red  L o n d o n  to  be su itab le  g ro u n d  fo r an  em b rac in g , u n iv ersa l system . 
T h e re  was a lso d iscussion  o f  tak in g  ad v a n ta g e  o f  V iscoun t C ro ss’s rec
o m m e n d a tio n s  fo r  p a r lia m e n ta ry  p o w er bills a n d  estab lish in g  a p o w er com 
pany  fo r L o n d o n . O n ce  ag a in , how ever, th e  po litical p o w er o f  E n g la n d ’s 
local au th o rit ie s  was m an ifest. In  L o n d o n , th e  L o n d o n  C o u n ty  C o uncil a n d  
th e  local au th o rit ie s  c o n fe r re d  ab o u t th e  fu tu re  o f  la rg e -a rea  su p p ly  a n d  
ad o p te d  a re so lu tio n  th a t e x p re ssed  well th e  realities o f  th e  s itu a tio n  th e re :

While reserving intact the rights o f the local authorities in regard to electric 
lighting and energy, it is desirable that the London County Council should be in 
a position to undertake if it so determ ine, o r if so requested by the local 
authorities, to supply electrical energy for the convenience of any districts 
desirous of being supplied, provided the Council does not become competitive 
with the local authorities.'''

So laced  with "ifs" a n d  “p ro v id ed s,"  th e  re so lu tio n  sh o u ld  have  b een  fair

1,1 London County Council, Report (1913-14), app. 2. p. 34.
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w a rn in g  fo r w ou ld -be  e n tr e p re n e u r s  w ho en v is ioned  a c en tra liz ed  L o n d o n  
system .

W hen  C h a rle s  M erz su rv ey ed  th e  L o n d o n  scene in 1904 fro m  th e  p e r 
spective o f  N ew castle  u p o n  T y n e , his sense  o f  system , te ch no log ica l scale, 
a n d  econom ic  effic iency  m ust have b een  o ffe n d e d . L o n d o n  m o tiv a ted  him  
to  a tte m p t to  r e o rd e r  th e  situ a tio n  in a cco rd an ce  w ith his ach iev em en ts  in 
system atiz ing  la rge-scale  su p p ly  at N ew castle. B ecause M erz is am o n g  the 
lead in g  f ig u re s  in th e  h is to ry  o f  B ritish  su p p ly , a n d  because  he is e n c o u n 
te re d  n o t on ly  in co n n e c tio n  w ith his bo ld  L o n d o n  sch em e b u t as a p io n e e r  
in th e  estab lish m en t o f  th e  B ritish  G rid , his b a c k g ro u n d  is o f  in te re st.

C h a rle s  H e s te rm a n  M erz (1 8 7 4 -1 9 4 0 )  was b o rn  in to  an  in f lu en tia l an d  
a f f lu e n t fam ily  (see Fig. X I V .29, p . 449). H is m o th e r , a Q u a k e r , was a sister 
o f  th e  N ew castle  s h ip b u ild e r  J o h n  W igham  R ich a rd so n , a n d  his fa th e r  was 
a m an  o f  re m a rk a b le  c u ltu re . J o h n  T h e o d o re  M erz (1 8 4 0 -1 9 2 2 )  is know n 
to  scho la rs  as th e  a u th o r  o f  A History o f  European Thought in the Nineteenth  
Century (4 vols., 18 9 6 -1 9 1 4 ). A m o n g  his p ee rs  he  was know n  as a chem ical 
m a n u fa c tu re r  on  T y n e s id e  (his c o m p an y  was ev en tua lly  a b so rb ed  by Im 
peria l C hem ica l In d u s tr ie s ) .  F inally , he  was a fo u n d e r  a n d  c h a irm a n  o f  th e  
N ew castle u p o n  T y n e  E lectric  S u p p ly  C o m p an y . Y ou n g  M erz th e re fo re  
had  access to  p e rso n s  o f  w ealth  a n d  political in flu en ce . As a c o n su ltin g  
e n g in e e r  p re s id in g  o v e r large-sca le  p ro jec ts  w ith po litical a n d  financial 
d im en sio n s, h e  m u s t have  fo u n d  associations o f  th is k in d  h e lp fu l.

C h a rle s  M erz a t te n d e d  B o o th am  School a t Y ork  A rm s tro n g  C ollege in 
N ew castle, b u t le ft w ith o u t tak in g  a d e g re e  to  p u rsu e  m o re  w orld ly  m a tte rs  
as an  a p p re n tic e  a t P an d o n  D ene , th e  first c en tra l s ta tion  o f  his fa th e r ’s 
N ew castle u p o n  T y n e  E lectric  S u p p ly  C o m p an y  (N E SC O ), a n d  la te r at 
B ritish  T h o m so n -H o u s to n  (B T H ). H e  th e n  jo in e d  B T H  a n d  becam e m a n 
ag in g  e n g in e e r  o f  a utility  it ow n ed  a t C ro y d o n . T h e se  early  e x p e rien ces  
h e lp  ex p la in  M erz ’s su b se q u e n t in v en tio n  o f  im p ro v em en ts  in  p o w er-p lan t 
eq u ip m e n t. In  1899 M erz set u p  a co n su ltin g  e n g in e e r in g  firm , th e  n am e 
o f  w hich  was c h a n g e d  to  M erz 8c M cLellan a f te r  W illiam  M cLellan jo in e d  
him  in 1902. F ro m  th e  b eg in n in g  M erz a n d  th e  firm  m an ife sted  a bias 
to w ard — a n d  a p t i tu d e  fo r— th e  c rea tio n  o f  la rg e -a rea  elec tric  po w er sys
tem s.

P rio r  to  his in tro d u c tio n  o f  p a rlia m e n ta ry  legisla tion  in 1905, w hich was 
in te n d e d  to  rev o lu tio n ize  elec trica l su p p ly  in  L o n d o n , M erz g a th e re d  with 
a c lose-knit g ro u p  o f  N o rth e a s t C oast leaders . T h is  m ee tin g  a n d  those  tha t 
follow ed in 1905 a n d  1906 in co n n ec tio n  w ith th e  L o n d o n  p ro jec t p ro v id e  
an  ex am p le  o f  th e  n a tu re  o f  techno log ica l e n tre p re n e u rs h ip .  M erz was a 
system  b u ild e r , a h e d g e h o g  like T h o m a s  E dison  a n d  S am uel Insu ll; he  h ad  
less inven tive  g en iu s  th a n  E d ison , less m an ag e ria l e x p e rien ce  th a n  Insull, 
b u t h e  m an ife s ted  su ffic ien t in stinc ts fo r  inv en tio n , ta len t fo r m an a g e m e n t, 
a n d  excep tio n a l sensitiv ity  to  th e  w orld  o f  politics a n d  fin an ce  to  p e rfo rm  
as a s u p e rb  o r ig in a to r  a n d  to  p re s id e  o v e r th e  fu lfillm en t o f  bo ld  te c h 
nological p ro jec ts . (See pp . 4 4 9 -6 0  below  fo r his e x p e rien ces  as a co n su ltin g  
e n g in e e r  fo r  N E SC O , a n d  pp . 3 5 0 -5 7  fo r  his ro le  in th e  b u ild in g  o f  th e  
B ritish  G rid .)

O n  28 S e p te m b e r  1904 M erz m et in N ew castle u p o n  T y n e  w ith m en  o f  
e x p e rien ce  a n d  in flu en ce  in la rg e  in d u s try , ra ilro ad s, finance , law, p a r lia 
m en ta ry  politics, a n d  electrical supply . T h e ir  collective p ersp ec tiv e  was
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n e e d e d  fo r th e  e n c o m p a ss in g  p ro jec t th a t was to  be d iscussed . P re sen t w ere 
G. B. R ich a rd so n , a d ire c to r  o f  th e  sh ip b u ild in g  c o m p an y  W igham  Rich
a rd so n  8c C o m p an y , J a m e s  F a lco n e r o f  th e  M ersey  Railway C o m p an y ; and  
R o b e rt S p en ce  W atson , a Q u a k e r  w ho  m a rr ie d  th e  s is te r o f  M erz’s m o th e r 
a n d  w ho was a m e m b e r o f  a firm  o f  solic ito rs, a le a d e r  o f  th e  L iberal party  
in th e  T y n e s id e  re g io n , a n d  a ch a m p io n  o f  e d u ca tio n a l a n d  social re fo rm . 
Also p a rtic ip a tin g  was M erz 's fa th e r , w ho h a d  becom e c h a irm a n  o f  the 
electrical su p p ly  co m p an y  N E S C O  a n d  o f  th e  chem ica l co n ce rn  S ir C. 
T e n n a n t  8c C o m p a n y  o f  C a rn o u s tie , as well as a d ire c to r  o f  B ritish  T h o m - 
so n -H o u s to n . N o t p re se n t, b u t w ish ing  to  be k ep t in fo rm e d , w ere  S ir A n 
d rew  N ob le , c h a irm a n  o f  A rm s tro n g  W h itw o rth  8c C o m p an y , a heavy e n 
g in e e r in g  c o n c e rn  fam o u s  fo r a rm o r  a n d  g u n s ; a n d , f ro m  o u ts id e  the 
d is tric t, S am u e l In su ll, J o h n  A n n a n  o f  A n n a n , K irby, D ex te r 8c Soc., and  
A. S. N o rth c o te  o f  L o n d o n . At th e  m ee tin g , M erz o u tlin e d  th e  L ondon  
e lectric  su p p ly  p ro b le m , S p en ce  W atson  d iscussed  th e  d ifficu lties  in ob 
ta in in g  p a r lia m e n ta ry  pow ers , a n d  th e  g ro u p  c h e e re d  itse lf  on  by re fe rr in g  
to  th e  successes o f  N E S C O  in su p p ly in g  p o w er to  in d u s try  a n d  th e  railways. 
T h e  g ro u p  d e c id e d  to  fo rm  th e  E lectric  P ow er D e v e lo p m en t C o m p an y  in 
an  e f fo r t  to  solve L o n d o n 's  p ro b lem  in a s im ila r m a n n e r .30

C h arle s  M erz, w ho  h a d  b een  m u llin g  o v e r th e  L o n d o n  p ro b lem  for 
severa l years  a n d  w ho h a d  estab lish ed  a b ra n c h  o f  h is co n su ltin g  e n g i
n e e r in g  firm  o n  V ictoria  S tre e t in  W estm in s te r, L o n d o n , sp e a rh e a d e d  the 
N ew castle -bo rn  p ro jec t. H is e n th u s ia sm  was fired  by th e  an a logy  th a t e lec
tric  su p p ly  in th e  N ew castle  reg io n  p ro v id e d  fo r  th e  L o n d o n  p ro jec t. T h e  
N ew castle  u p o n  T y n e  E lectric  S u p p ly  C o m p an y , w hich  his fa th e r  ch a ired  
a n d  he  ad v ised  as co n su ltin g  e n g in e e r , e n te r e d  a p e r io d  o f  d ra m a tic  g row th  
in 1900 w hen  th e  c o m p an y  b eg an  to  focus on  p o w er r a th e r  th a n  ligh ting  
(see pp . 4 4 7 -4 8  below ). P e rsu a d in g  heavy  in d u s tr ie s  in th e  T y n e s id e  a rea  
to  take  p o w er fro m  its system  ra th e r  th a n  g e n e ra te  f ro m  th e ir  ow n pow er 
p lan ts , N E S C O  d ram a tica lly  re d u c e d  its p ro d u c tio n  costs p e r  k ilo w att-h o u r 
a n d , c o r re sp o n d in g ly , th e  p rice  it c h a rg e d  fo r  e lectric ity . In  so d o in g , the  
co m p an y 's  m a n a g e m e n t fo llow ed th e  s tra teg y  o f  m ass p ro d u c tio n  a d o p te d  
by In su ll a n d  o th e r  p ro g re ssiv e  p o w er c o m p an ie s  in th e  U n ited  S ta les and  
G erm an y . M erz a lso p ro m o te d  s team  tu rb in e s , o n e  o f  w hich  h e  h a d  recen tly  
installed  at th e  N e p tu n e  B ank  s ta tio n , as th e  key to  la rg e -a rea  su p p ly  from  
un its  o f  u n p re c e d e n te d  size.

By N o v e m b e r  1904 M erz h a d  fo rm u la te d  his basic a rg u m e n t. As d ire c to r  
o f  th e  L o n d o n  p ro jec t, he  p o in te d  o u t th a t L o n d o n  was a m a n u fa c tu r in g  
ce n te r  w ith o v e r 30 ,000  fac to ries  a n d  w o rk sh o p s a n d  60 0 ,0 0 0  em ployees. 
(H e  d id  n o t stress  th e  a v e rag e  sm all size o f  th e se  p lan ts .) T h e  s ta rtlin g  
p a ra d o x , to  M erz, was th e  fact th a t th e  m e tro p o lis  u sed  on ly  o n e -f if th  as 
m uch  elec tric  po w er p e r  cap ita  as B erlin  a n d  o n e - te n th  as m uch  as his ow n 
N ew castle d is tric t. H is m a jo r e x p la n a tio n  fo r  th is p a ra d o x  was th e  sm allness 
o f  scale o f  th e  utilities in L o n d o n , w hich m e a n t la rg e  cap ita l a n d  o p e ra tin g  
costs— th re e  lim es m o re  in b o th  in stances th a n  la rge-scale  utilities e x p e r i
en ced  e lsew here . D raw ing  aga in  o n  an  ana logy  w ith th e  N E S C O  system ,

311 Nolcs o f meeting held in Newcastle upon Tyne. 28 Septem ber 1904. Merz Sc McLellan 
Papers (Folio 7 0 /M 53.5/55), I yne and Wear County Council Archives, Newcastle upon Tyne, 
England (hereafter cited as Merz Sc McLellan Paoers).
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from  w hich 80  m iles o f  su b u rb a n  ra ilro ad  look  pow er. M e r/ p ro jec icd  a 
system  fo r L o n d o n  th a t w ou ld  feed  ra ilro ad s , tram w ays, a n d  th e  u n d e r 
g ro u n d . 51

In  a s tra teg ic  m ove to  ga in  a p p ro v a l fo r  th e ir  p o w er c o m p an y . Mer/. and  
his associates d ec id ed  to  p re se n t a p o w er bill to  P arliam en t. 'I 'h ey  n am ed  
th e ir  co m p an y  th e  A d m in is tra tiv e  C o u n ty  o f  L o n d o n  a n d  District E lectric 
P ow er C o m p an y  b ecau se  p o w er bills w ere gen e ra lly  tak en  u p  in a lp h ab e tica l 
o rd e r .  T h e  tactics a n d  s tra teg y  used  in th e  e f fo r t  to  ga in  passage  ol d u 
bili d e m o n s tra te d  y o u n g  M erz 's sensitiv ity  to  th e  p ro b le m  o f  com m unic a t
ing  th e  essence  o f  te ch n o lo g y  a n d  econom ics to  th e  non tech n ica lly  tra in e d , 
b u t th ey  also rev ea led , in th e  long  ru n , an  o v e rc o n fid e n c e  in th e  ra tiona l 
techn ica l a rg u m e n t.  D u rin g  th e  co u rse  o f  M erz’s su s ta in ed  e n d e a v o r  I.lovd 
G eo rg e , w ho was th e n  p re s id e n t o f  th e  B o a rd  o f  T ra d e ,  took  th e  p a ins  to 
say lo  th e  th e n  relatively  in e x p e rie n c e d  M erz, w hen  he , "w ith th e  usual 
e n th u s ia sm  o f  an  E n g in e e r ,"  sp o k e  a b o u t th e  techn ica l m erits  o f  his L o n d o n  
schem e, “My d e a r  y o u n g  f r ie n d , th is is n o t a q u es tio n  o f  e n g in e e r in g , it is 
a q u es tio n  o f  po litics .”52

F rom  a techn ica l a n d  eco n o m ic  p o in t o f  view, th e  cam p a ig n  fo r Met v s  
bill was well m o u n te d . B ecause  th e re  was no  cen su s o f  in d u s tr ia l p ro d u c tio n  
availab le , M erz h a d  his assoc ia te  T . H . M inshall, w ho h e a d e d  th e  c o n su ltin g  
f irm ’s L o n d o n  o ffice , sp e n d  severa l w eeks at th e  B ritish  M useum  g o ing  
th ro u g h  th re e  h u n d re d  O rd n a n c e  Su rvey  m ap s o f  L o n d o n  in o rd e r  to 
locate  th e  fac to ry  sites. T h e n  M inshall ch eck ed  with th e  o w n ers  to  find  out 
w hat k ind  o f  p o w e r they  u sed  a n d  if  ch e a p  electric ity  w ould  be a boon  to 
th em . T h e  in fo rm a tio n  M inshall g a th e re d  ab o u t L o n d o n  was th e n  co m 
p a re d  with sta tistics fo r  o th e r  in d u s tria l cities. In c lu d e d  in th e  d a ta  w ere 
estim ates  o f  th e  e lec trica l r e q u ire m e n t o f  L o n d o n , coal c o n su m p tio n  in 
G re a te r  L o n d o n , th e  a n tic ip a te d  sav ings f ro m  ad o p tio n  o f  electric ity , the  
to ta l a m o u n t o f  h o rse p o w e r in sta lled  in L o n d o n , th e  p e rc e n ta g e  o f  pow er 
su p p lied  by ex is tin g  utilities, a n d  vario u s co m p ara tiv e  costs o f  ex is ting  
p o w er system s a n d  o f  p o w er u n d e r  th e  M erz p ro jec t (see Fig. IX .7). Bv 
th e  tim e  th e  p a r lia m e n ta ry  h e a r in g  on  M erz’s bill beg an  o n  16 M arch  1905, 
M erz h ad  h a d  his d a ta  p r in te d  a n d  b o u n d  in a h a n d so m e  le a th e r  book  a n d  
copies o f  il h a d  b een  d is tr ib u te d  lo  c o m m ittee  m em b ers . “T h e  w hole scale 
a n d  style o f  th e  p re p a ra to ry  d a ta  was so m e th in g  new  in th e  P arliam en ta ry  
C o m m ittee  R oom s.” M erz reca lled  th a t “such  tables becam e th e  fash ion  
a f te rw a rd s  b u t u p  to  th e n  I d o  n o t th in k  an y th in g  h ad  ev e r  been  m o re  
com ple te ly  o r  c learly  s ta ted  a n d  sh o w n ."5'’

A cco rd in g  lo  M erz a n d  his associates, th e ir  po w er c o m p an y  w ould  o p 
e ra te  a p o w er s ta tio n  w ith six tu rb o -a lte rn a to rs  capab le  o f  su p p ly in g  a

11 Charles I I. Mcrz lo T he Electric Power Development Co.. I .id., November I'.HH. Mer/ 
8c McLcllan Papers.

“ Charles II. Mcr/., "Autobiography," May 1986. p. 19; copy in Merc 8c McLellan Co. 
Archives. T he account o f the London project given here draws u|x>n the chapter entitled 
"London," and the page num bers cited hereafter refer to this chapter. John  Rowland's Progress 
in Power: The Contribution of Charles M en and llis Associates to Sixty fears of Electrical Development, 
1899-1939 (London: Newman Ncamc, I960) closely follows Merz's autobiography; on h in -  
don see pp. 38-50. I am indebted to Ms. Kathleen Bramlcy, form er librarian at Merz Sc 
M clxllan. for calling my attention lo this privately published work.

,5 Mcrz, “A utobiography," p. 12.
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Figure IX .7. Table and graph prepared by M en Id McLellan for Charles 
M en's testimony before a parliamentary committee in support of a London 
electric supply bill. From M en Id McLellan. Administrative County of 
L ondon and District Power Com pany. 1906. Courtesy of the Tyne and 
W rar County Council Archives. Newcastle upon Tyne. England.

m ax im u m  load  o f  20 ,0 0 0  kw. (In su ll h ad  in tro d u c e d  5,000-kw . u n its  in 
C h icago  in 1903, a n d  th e  M e tro p o litan  E lectric  S u p p ly  C o m p an y  h a d  in
s ta lled  a 3 ,000-kw . u n it fo r  L o n d o n  su p p ly  in 1904.) F ro m  th is 20,000-kw . 
s ta tio n , tran sm issio n  lines w ould  d e liv e r p o w er d irec tly  fro m  th e  p ow er 
co m p an y  to  in d u s tr ie s  in east L o n d o n  a n d  w ould  su p p ly  p o w er in bu lk , o r 
w holesale , to  ex is tin g  u tilities, especially  in w est L o n d o n . A fte r  conversion  
to  d irec t c u r r e n t  o r  o th e r  fo rm s, th is bu lk  c u r r e n t  w ould  be d is tr ib u te d  by 
th e  ex is tin g  u tilities, th ro u g h  th e ir  ow n system s, m ostly  fo r ligh ting . By 
leav ing  m u ch  o f  th e  l ig h tin g  su p p ly  to  th e  sm all u tilities, M erz h o p e d  to 
w in th e ir  s u p p o r t  fo r his p lan . T h e  new  p o w er co m p an y  w ould  be especially  
g ea re d  to  su p p ly  L o n d o n ’s g ro w in g  trac tio n  load . M erz p re d ic te d  th a t by 
tak in g  ad v a n ta g e  o f  e co n o m ies o f  scale a n d  d ivers ity  o f  load , his co m p an y  
cou ld  sell in bu lk  to  th e  sm a lle r L o n d o n  utilities fo r a low er p rice  th an
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7 b Hompateod 
77 Islington 
76 Pcplar 
79 5t Moryleborve 
3 0 51 Pancsaa
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34 County erf London

Figure IX.8. Location of London eleclnc 
light and power stations, c. 1923. From 
Electrical World 82 (1923). 1037.

w hat it w ould  cost th e m  to  g e n e ra te  th a t pow er, even  in new , e x p a n d e d  
p lan ts.

M erz a n d  M inshall w on s u p p o r t  fo r  th e ir  bill in th e  fo rm  o f  a pe tition  
s igned  by 250  L o n d o n  m a n u fa c tu r in g  firm s. In  a d d itio n , m o re  in fluen tia l 
fig u res  in  th e  field  o f  fin an ce  a n d  in d u s try  becam e s u p p o r te rs  o f  th e  pro ject 
a n d  invested  in sh a re s  in th e  synd ica te , am o n g  th em , W alle r C un liffe , la ter 
g o v e rn o r  o f  th e  B ank  o f  E n g lan d ; th ro u g h  h im , M erz h o p e d  to  b rin g  in 
m o re  C ity -fin an ced  in te re sts . B ecause M erz also h ad  th e  su p p o r t o f  B aring  
B ro th e rs , h e  believed  th a t he  “n ev e r  h ad  any  criticism  o f  (he financial 
stability  o f  th e  p r o m o t i o n . I t  is in te re s tin g  to  n o te , how ever, th e  absence  
o f  le ad in g  re p re se n ta tiv e s  o f  B rita in ’s electrical m a n u fa c tu r in g  com pan ies , 
in te re sts  th a t w ould  have fig u red  p ro m in e n tly  in a s im ila r A m erican  o r  
G e rm an  schem e.

A rra ig n e d  ag a in st th e  bill on  th e  o p e n in g  day  o f  th e  h ea rin g s  w ere over 
on e  h u n d re d  local au th o rit ie s  fro m  L o n d o n  a n d  e lsew h ere  in E n g lan d  as 
re p re se n te d  by th irty -five  counse l. In  th e  size, d iversity , a n d  in flu en ce  o f  
M erz’s o p p o s itio n  lies a key to  u n d e rs ta n d in g  th e  h isto ry  o f  electrical supp ly  
in L o n d o n . M oreover, th e  bill b ro u g h t co n ce rt betw een  p arlies  w ho w ere 
n o rm ally  o p p o sed . T h e  L o n d o n  C o u n ty  C ouncil (LCC) firm ly  o p p o sed  th e  
bill. T h e  LCC a n d  local au th o ritie s , w hich w ere en g ag ed  in a lo n g -te rm

M Ibid., p. 8.
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s tru g g le  o v e r  th e  g o v e rn a n c e  o f  L o n d o n , u n ite d  to  o p p o se  a p riv a te  com 
p any  th a t,  it was sa id , w ou ld  b o th  p re v e n t th e  L C C  fro m  es tab lish ing  a 
L o n d o n  p o w er c o m p an y  a n d  su b v e rt  ex is tin g  lo ca l-au lh o rity - a n d  privately  
o w ned  u n d e rta k in g s . T h e  P ro g ressiv e  p a rty , w hich d o m in a te d  th e  LCC, 
o p p o se d  M erz’s bill as a ch a llen g e  lo  th e  L C C ’s p o ten tia l ro le  in e lectric 
su p p ly , a n d  som e o f  th e  m o re  rad ica l P rog ressives c h a llen g ed  th e  bill be
cause o f  th e ir  advocacy  o f  m un ic ip a l socialism . Issues involv ing  L o ndon  
o f te n  involved  n a tio n a l po litical p a rlie s , a n d  in th e  case o f  e lectrical supp ly , 
th is was to  be e x p e c te d  b ecau se  o f  th e  ro le  P a r lia m e n t a n d  th e  B oard  o f 
T rade  p layed  in q u es tio n s  r e g a rd in g  th e  re g u la tio n  o f  e lectrical supply . 

T h e  C onse rv a tiv e  p a r ty  was in p o w er in P a rliam en t in 1905. A lth o u g h  
n o rm ally  it w ould  be ex p e c te d  lo  favo r a p riv a te  e n te rp r is e  schem e, in this 
case it fell th a t th e  new  p o w er co m p an y  m ig h t ov e rw h e lm  ex is tin g  p rivate  
utilities in L o n d o n  a n d  also th e  political a u th o r ity  o f  local g o v e rn m en t, 
w hich C o n serv a tiv es  c h a m p io n e d  in L o n d o n . E ven p riv a te  L o n d o n  gas 
co m p an ie s  jo in e d  th e  o p p o s itio n .

D u rin g  th e  co m m ittee  h e a r in g s  a n d  in th e  face o f  such  o p p o s itio n , M erz 
m o d ified  h is bill. A g reem en ts  w ere  re a c h e d  a s su r in g  th e  fu tu re  o f  p riva te  
c o m p an ie s , especially  in L o n d o n ’s W est E n d . T h e  M e tro p o litan  Supp ly  
C o m p an y , fo r ex am p le , was p ro m ise d  a la rg e  su p p ly  d is tric t th e re , a n d  a 
special a rra n g e m e n t  was m a d e  w ith th e  C o u n ty  o f  L o n d o n  E lectric  L igh ting  
C o m p an y . W ith  som e p riv a te  co m p an ie s  a g re e in g  to  th e  m o d ifica tio n s, th e  
B oard  o f  T ra d e  len t th e  bill its su p p o r t.  T h e  bill th e n  passed  th e  L o rd s’ 
c o m m ittee , th e  seco n d  re a d in g  in th e  H o u se  o f  C o m m o n s , a n d , a f te r  a 
p ro tra c te d  h e a r in g , th e  vole o f  th e  select co m m ittee . D elay by th e  select 
com m ittee , how ever, d o o m e d  th e  bill b ecause  th e re  was n o t lim e  to  have 
th e  th ird  re a d in g  in th e  H o u se  oT C o m m o n s  b e fo re  th e  C onse rv a tiv e  gov
e rn m e n t  o f  A r th u r  B a lfo u r  co llapsed . M erz view ed th e  de lays in  com m ittee  
as a su b tle  tactic in te n d e d  to  d e fea t th e  bill.53

In tro d u c e d  ag a in  in 1906 a l te r  th e  L iberals c am e  to  p o w er in P arliam en t, 
th e  A d m in is tra tiv e  C o u n ty  o f  L o n d o n  bill c o m p e te d  w ith a n  LC C  p ro p o sa l 
a n d  w ith a p o w er bill p ro m o te d  by th e  H ack n ey  a n d  S h o re d itc h  b o ro u g h s , 
au th o rit ie s  th a t w an ted  lo  b u ild  a n d  in te rc o n n e c t s ta tions. A cting  on  the  
advice o f  th e  B o a rd  o f  T ra d e ,  th e  new ly c o n v en ed  p a r lia m e n ta ry  c o m m ittee  
re jec ted  th e m  all. D avid Lloyd G eo rg e , c h an ce llo r  o f  th e  E x c h e q u e r  in the  
new  g o v e rn m e n t, was o f  th e  o p in io n  th a t any  sch em e  fo r u n if ie d  an d  
cen tra liz ed  su p p ly  w ould  c o n tin u e  lo  m ee t co n s id e ra b le  o p p o s itio n  from  
ex is tin g  in te re sts . W ith re g a rd  to  th e  M erz bill, he  believed  th a t any  schem e 
p lac ing  elec tric ity  su p p ly  in th e  u n fe tte re d  c o n tro l o f  a p riv a te  co m p an y  
w ould  c o n tin u e  to  a ro u se  such  o p p o s itio n  as to  ex c lu d e  it fro m  th e  realm  
o f  prac tica l politics. T he  LCC p ro p o sa l was, in his view, too  ten ta tiv e , too  
p ro tec tiv e  o f  th e  vested  in te re s ts  o f  th e  ex is tin g  u tilities a n d  th e re fo re  
d e s tin ed  lo  fail in th e  e l I o n  to  b r in g  ab o u t th e  effic iency  a n d  eco n o m y  o f  
a tru ly  c en tra liz ed  su p p ly  system . B ecause o f  th e  sc h e m e ’s sp ecu la tiv e  n a 
tu re , he also h ad  d o u b ts  a b o u t a public  au th o rity 's  r ig h t to  c a rry  o u t such 
a bo ld  p lan  w ith tax p ay e rs ', o r  ra te p a y e rs ’, m oney . L loyd G eo rg e  leaned  
to w ard  a c o o p e ra tiv e  v e n tu re  in w hich a p riv a te  c o m p an y  w ou ld  ca rry  o u t 
th e  m o re  specu la tive  steps a n d  th e  LCC w ould  h a n d le  th e  n o n sp ecu la tiv e

** Ibid.. pp. 17-IH.
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deta ils. A fte r  such  a p ro jec t was p ro v en  a n d  p riv a te  in vesto rs  h ad  re a p e d  
a re tu rn ,  th e  LCC w ould  be allow ed to  acq u ire  th e  e n tire  .system /’'’ In  1907 
an  LC C  bill a lo n g  th e  lines o f  th e  co m p ro m ise  en v isaged  by Lloyd G eo rg e  
a n d  fo llow ing  th e  reco m m e n d a tio n s  o f  a select p a r lia m e n ta ry  C o m m ittee  
seem ed  likely to  pass th e  H o u se  o f  C o m m o n s, g iven its la rg e  L iberal m a 
jo r ity , b u t th e  v ictory o f  th e  co n serv a tiv e  M un ic ipa l R e fo rm  p a rty  o v e r th e  
P rog ressives in th e  LCC e lec tion  in M arch  o f  th a t year led to  th e  a b a n 
d o n m e n t o f  th e  p ro p o sa l. A c co rd in g  to  th e  Times, th e  LC C  e lec tion  o f  1907 
tu rn e d  o n  th e  e lec tric ity  issue. T h e  M un ic ipa l R e fo rm  p a r ty  th e n  m o d ified  
th e  LC C  bill a n d  called  fo r th e  c o o p e ra tio n  o f  th e  LC C  a n d  M cr/.'s A d 
m in is tra tiv e  C o u n ty  o f  L o n d o n  C o m p an y . D esp ite  L loyd G e o rg e ’s su p p o r t,  
how ever, th e  p a r lia m e n ta ry  c o m m ittee  r e p re s e n tin g  a L iberal m ajo rity  r e 
je c te d  th e  co m p ro m ise .57

T h e  politics o f  te ch n o lo g y  a n d  th e  co n tro v e rsy  o v e r p riv a te  versus  public 
o w n e rsh ip  o f  e lec trica l utilities c o n tin u e d  a f te r  1900 with th e  rise o f  the  
Fabian  Society. Led  by S idney  a n d  B ea trice  W ebb, G. B e rn a rd  Shaw , a n d  
o th e r  p ro g ressiv es , th e  Fab ians view ed m un ic ip a l e n te rp r is e , a n d  especially  
m u n ic ip a l o w n e rsh ip  o f  p ub lic  utilities, as an  essen tia l p a r t  o f  a w ell-o r
g an ized  society. T h e  ch a llen g e  o f  m u n ic ip a l o w n e rsh ip — so m etim es  called 
m u n ic ip a l socialism — to  trad itio n a l p riv a te  e n te rp r is e  a n d  th e  p ersu asiv e  
trac ts o f  th e  F ab ians h e lp  e x p la in  why, in th e  w ords o f  H . H . Ballin , “what 
sh o u ld  have  b een  a c o m p a riso n  o f  th e  econom ics o f  sm all-scale  a n d  large- 
scale su p p ly , d e v e lo p e d  in to  a d isp u te  on  th e  m erits  o f  p riv a te  versus public- 
e n te rp r is e , in w hich  th e  techn ica l a sp ec t was on ly  o f  se c o n d a ry  im p o r
tan ce .”58

A fte r  1907 th e  u tilities o f  L o n d o n  im p ro v ed  th e ir  techn ica l p e rfo rm a n c e  
b u t m ad e  little  p ro g re s s  to w ard  estab lish in g  a u n ified , c en tra liz ed  supp ly  
system  b e fo re  th e  o u tb re a k  o f  W orld  W ar I. T h e  techn ica l o p tio n s  o p en  
to  th em  in c lu d ed  th e  in te rc o n n e c tio n  o f  load  a n d  su p p ly  am o n g  u tilities, 
th e  tra n s fo rm a tio n  o f  o b so le te  g e n e ra tin g  s ta tio n s in to  su b sta tio n s th ro u g h  
th e  co n v e rsio n  o f  bu lk  po w er, c o o p e ra tio n  a m o n g  u tilities in th e  c o n s tru c 
tion  a n d  o p e ra tio n  o f  la rg e  p o w er p lan ts , a n d  th e  s tan d a rd iz a tio n  o f  d is 
tr ib u tio n  a n d  tran sm iss io n  c u rre n ts . M an ag eria l conserva tism  a n d  re sis t
an ce  to  in s titu tio n a l in n o v a tio n , how ever, usually  f ru s tra te d  th e  a d o p tio n  
o f  these  op tio n s. P a r liam en ta ry  law fo rb a d e  th e  in stitu tio n a l am a lg am a tio n  
o f  utilities; a n d  e n g in e e rs  a n d  m a n a g e rs  o f  th e  ex is tin g  u tilities show ed 
little e n th u s ia sm  fo r  th e  fo rm a tio n  o f  jo in t co m m ittees  to  p re s id e  ov e r 
techn ical in te rc o n n e c tio n — p ro b ab ly  because  th ey  w ould  lose th e ir  in d iv id 
ual a u th o rity . E ven th o u g h  severa l utilities co o p e ra te d  in b u ild in g  a n d  
o p e ra tin g  p o w er s ta tions, th e  p riv a te  co m p an ie s  o p p o se d  a L ond o n -w id e

“  M em orandum  by David Lloyd George, 13 June  1906, in (lie tiles ol'lhc Electricity Council, 
London (COAAB. 37/83-no. 56) and brought to iny attention by Dr. Leslie Hannah.

37 H. H. Ballin. The Organisation of Electricity Supply in Great Britain (London: Elect rical Press, 
1946), pp. 81-83; Leslie H annah, Electricity Before Nationalisation (Baltimore: The Johns H op
kins University Press, 1979), p. 47.

“  Ballin, Electricity Supply in Great Britain, p. 22. On the relationship between private and 
public enterprise in France, see Pierre L inthier, “The Relationship between Slate and Private 
Electric Industry, France, 1880-1920," in llecht und Entwicklung der Grossuntemehmen tm 19. 
und fruhen 20. Jahrhundert, ed. N orhert H orn and Jiirgen Kocka (Gottingen: Vandenhoeck 
Sc Ruprecht, 1979), pp. 590-603.
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en d e a v o r  p re s id e d  o v e r  by th e  LCC. T h e  m un ic ip a l co m p an ie s  a n d  the  
LCC co n tin u e d  to  be w ary  o f  a L o n d o n  p o w er co m p an y . In  view o f  the  
in v estm en t th a t h a d  b een  m a d e  in in n u m e ra b le  vo ltage, f req u en cy , and  
o th e r  c u r re n i varia tio n s, s ta n d a rd iz a tio n  seem ed  im p ro b ab le . T h ro u g h  
p a rlia m e n ta ry  acts, h ow ever, th e  LCC d id  a cq u ire  th e  r ig h t to  p u rch ase  
L o n d o n  co m p an ie s  in 1931, a rig h t th a t h a d  fo rm erly  b een  h e ld  by the 
local a u th o r i t ie s /’9

In 1914 M erz & M cL ellan  ag a in  m ad e  a p ro p o sa l, th is tim e  at th e  req u es t 
o f  th e  L o n d o n  C o u n ty  C o u n cil. A c o m m ittee  o f  th e  council h ad  taken  
tes tim ony  fro m  Insu ll, F e rra n ti ,  a n d  o th e rs , a n d  M erz 8c M cLellan su b 
m itted  a d e ta ile d  re p o r t  on  th e  L o n d o n  su p p ly  s itu a tio n . T h e y  su g g ested  
th a t a co m p an y  fo rm e d  by th e  ex is tin g  p riv a te  L o n d o n  u tility  co m pan ies  
w ould  be th e  m ost p ro m is in g  in s titu tio n a l a r ra n g e m e n t  by w hich  to  co
o rd in a te  a L o n d o n -w id e  su p p ly  n e tw o rk , p ro v id e d  th e  LC C  was su p p o rtiv e . 
A n LCC. co m m ittee  re jec ted  th is a rra n g e m e n t ,  h ow ever, a n d  a d o p te d , in 
s tead , a p lan  fo r a m ixed  u n d e r ta k in g  th a t co m b in ed  loca l-au lh o rity  ow n
e rsh ip  a n d  p riv a te -co m p an y  m a n a g e m e n t. R e fe ren ces  w ere  m a d e  to  s im ilar 
e n d e a v o rs  in  G e rm an y . T h e  L o n d o n  C o u n ty  C o uncil as a w hole, how ever, 
re fu se d  to  sen d  a bill to  P a r liam en t in c o rp o ra tin g  th e  p lan . T h e  opp o sitio n  
o f  th e  L o n d o n  local au th o rit ie s  was sub stan tia l.

T h e  w ar th a t b eg an  in 1914 w ould  g rea tly  in f lu e n c e  th e  d ev e lo p m e n t of 
e lec tric  su p p ly  in L o n d o n  a n d  e lsew h ere  in B rita in . T h e re fo re ,  th e  year 
1914 is an  a p p ro p r ia te  p o in t fro m  w hich  to  assess a q u a r te r -c e n tu ry  ol 
e lec tric  su p p ly  h is to ry  in L o n d o n  a n d  in th e  c o u n try  a t la rge . It sh o u ld  be 
n o te d  tha t a d iscussion  o f  th e  sta le  o f  L o n d o n 's  e lec tric  su p p ly  in d u s try  is 
to  a n  e x te n t a d iscussion  o f  th e  B ritish  su p p ly  in d u s try . L o n d o n ’s p o p u la tio n  
was so la rg e  a n d  its e conom ic  activities w ere  so ex ten siv e  th a t they  co n sti
tu te d  a su b stan tia l sh a re  o f  th e  e n tire  n a tio n ’s p o p u la tio n  a n d  econom ic 
e n d eav o rs . In  th e  d ec a d e  b e fo re  W orld  W ar 1. th e  p o p u la tio n  oT G re a te r  
L o n d o n  a m o u n te d  to  a b o u t 15 p e rcen t o f  th a t o f  th e  U n ited  K ingdom , 
a n d  th e  electric ity  sold in th e  G re a te r  L o n d o n  a re a  a m o u n te d  to  betw een  
o n e -q u a r te r  a n d  o n e - th ird  o f  th a t sold in th e  n a tio n  as a w ho le.60

D u rin g  th e  seco n d  h a lf  o f  th e  n in e te e n th  cen tu ry , th e  B ritish  h ad  ex 
p re ssed  g ro w in g  c o n c e rn  a b o u t th e  sta te  o f  th e  co u n try 's  in d u s tr ia l d ev e l
o p m e n t. A fte r  th e  o p e n in g  o f  th e  e ra  o f  in can d escen t lig h tin g  in 1882, this 
co n ce rn  was ex ac e rb a te d  by an  aw aren ess  th a t th e  co u n try , especially  L o n 
d o n , was n o t d o in g  well w ith th is  new  a n d  ex c itin g  tech n o lo g y . A cen tu ry  
la te r, th ey  w ou ld  h ave  sp o k en  o f  a lag in h igh  tech n o lo g y . T e s tim o n y  o f  
co n te m p o ra ry  w itnesses a n d  th e  m e a g e r  sta tistics th a t a re  availab le  d o  leave 
little d o u b t th a t B rita in  fell b eh in d  th e  U n ited  S lates in e lec tric  ligh ting  
d u r in g  th e  p e rio d  betw een  passage  o f  th e  tw o e lec tric  lig h tin g  acts (see pp . 
6 2 -6 4  above), b u t L o n d o n , a t least, ex p e rie n c e d  an  in c rease  in  ligh ting  
in sta lla tions a n d  c en tra l s ta tio n  c o n s tru c tio n  o n ce  th e  a m e n d in g  clauses 
w ere passed  in 1888. T h e  e x p la n a tio n s  o ffe re d  fo r th e  e a r lie r  lag w ere

Vl Itallin, Electricity Supply in Great Britain, pp. 84-89.
""These are approxim ations based oil statistics in H annah. Be/are Nationalisation, pp. 427- 

28; Hyatt, British Electrical liulusliy, p. 98; the Merz statistics presented to a parliamentary 
committee in 1906 (see p. 2!>2 altove); and Klingenherg, "Electricity Supply in Large Cities." 
pp. 398-99.
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varied , ran g in g  fro m  th e  co m p u lso ry -p u rc lia se  clauses o f  th e  1882 aci to  
th e  availability  o f  gas lig h tin g  at low er cost. T h e  recovery  was gene ra lly  
a ttr ib u te d  to  th e  e x ten s io n  o f  th e  p e rio d  b e fo re  c o m p u lso ry  p u rc h a se  cou ld  
be e ffec ted  a n d  th e  re su ltin g  availability  o f  fin an ce— especially  fo r L o n d o n ’s 
p riv a te  u tility  com p an ie s . T h e  a rg u m e n t based  on  (he co m p a ra tiv e  p rice  
o f  gasligh t a n d  e lec tric  ligh t seem s, th e n , to  have  lost its validity; at least 
th e  in v en to rs  believed  it had .

As th is c h a p te r  has show n , L o n d o n  d id  n o t m ake  th e  tran s itio n  from  
elec tric  lig h tin g  lo  e lec tric  p o w er a f te r  1890. T h e re fo re ,  th e  q u es tio n  was 
no  lo n g e r  th e  d im n ess  o f  L o n d o n ’s e lec tric  ligh ts b u t th e  feeb leness  o f  th e  
elec tric  p o w er su p p lie d  fro m  h e r  c en tra l sta tions. By th e  tu rn  o f  th e  cen tu ry , 
th e re  was ag a in  a c h o ru s  o f  lam en t o v e r L o n d o n ’s fa ilu re  to  k eep  ab reast 
o f  d e v e lo p m e n ts  in th e  ad v a n c in g  tech no logy , a tech n o lo g y  th a t was in 
creasing ly  seen  as th e  tech n o lo g y  o f  th e  new  cen tu ry . By 1900, sta tistical 
in fo rm a tio n  a n d  p ro fe ssio n a l ju d g m e n ts  c o n firm e d  th e  lag. T h e  In s titu tio n  
o f  E lectrical E n g in e e rs  called  a tte n tio n  to  th e  b ackw ard  s la te  o f  a ffa irs  in 
1902, a n d  M erz  tr ie d  lo  m ak e  th e  co n d itio n  o f  L o n d o n  a la rm in g ly  c lea r 
in 1905. T h e r e  w ere  qu a lific a tio n s to  be m a d e — such  as th e  g e n e ra tio n  o f 
trac tio n  load  in  iso la ted  p lan ts  in  L o n d o n  in stead  o f  by utilities as in C hicago  
a n d  B erlin — b u t th is was n o t stre ssed  in th e  c o m p ara tiv e  s ta te m e n ts  an d  
fig u res  on  th e  o u tp u t  o f  c e n tra l sta tions.

In  1913 K lin g en b e rg  p ro v id e d  a co m p ariso n  o f  th e  C h icago , B erlin , a n d  
L o n d o n  system s th a t  was G e rm a n ic  in de ta il b u t B ritish  in em p h as is  on  th e  
b ackw ardness  o f  L o n d o n ’s e lectrical techno logy . K lin g en b e rg ’s au d ie n c e  o f  
B ritish  e n g in e e rs  h a rd ly  q u e s tio n e d  his p re se n ta tio n , fo r  it r e in fo rc e d  w hat 
m ost o f  th e m  h a d  b een  say ing . T h e  ex cep tio n s w ere th e  m an ag e rs  a n d  
e n g in e e rs  o f  th e  sm all a n d  o f te n  w ell-run  L o n d o n  s ta tions. H av in g  a n 
n o u n ced  th e  m ost obv ious o f  th e  statistics— c o n su m p tio n  o f  c u r re n t  in 
k ilow att-hou rs  p e r  c ap ita— K lin g en b e rg  p ro c e e d e d  lo  th e  m o re  eso te ric  
fig u res  (see Fig. IX .9). C h icago  a n d  B erlin  each  h ad  capacity  c o n c e n tra te d  
in six la rg e  ce n tra l  s ta tio n s; L o n d o n , in six ty -fo u r s ta tions. T h e  in sta lla tion  
cost p e r  k ilow att was h ig h e r  in L o n d o n  th a n  in th e  o th e r  tw o cities. In 
C h icago  th e  trac tio n  load  p re d o m in a te d ; in B erlin  th e  pow er, ligh ting , a n d  
trac tio n  loads w ere  m o re  nea rly  eq ua l; a n d  in L o n d o n , as th e  au d ien ce  
knew , th e  c e n tra l s ta tio n s’ su p p ly  was u sed  m ostly  fo r  ligh ting . As seen  in 
Fig. IX. 10, L o n d o n  h ad  th e  p o o re st load  fac to r, as S am uel Insu ll h ad  o ften  
stressed . D esp ite  th e  h ig h e r  cost o f  coal in B erlin , th e  to tal o p e ra tin g  costs 
p e r  k ilo w a tt-h o u r so ld  w ere low er in B erlin  th a n  in L o n d o n , a n d  th e  ra tio  
o f  p ro f it  lo  real value was h ig h es t in B erlin  a n d  low est in L o n d o n .01 T h e  
B ritish  h ad  rea so n  to  be c o n ce rn ed .

T h e  tes tim ony  o f  co n te m p o ra r ie s  leads to  th e  q u estio n , W hy w ere L on
d o n ’s u tilities j u d g e d  backw ard  by such  p rog ressive  e n g in e e rs  as K lingen 
b erg , M erz, an d  th e  m em b ers  o f  th e  I EE? T o  th em , a p rog ressive  u rb a n  
u tility  was, as d e f in e d  by In su ll, a m ass-p ro d u c in g  m o nopo ly  th a t su p p lied  
by m eans o f  a un iversa l system  a d iverse  load o v e r a w ide a rea  at b road ly  
based low ra les  a n d  o b ta in ed  a fa ir r e tu rn  re su ltin g  from  e ffic ien t p ro 
d u c tio n  an d  m ax im u m  utilization  o f  cap ita l b o rro w ed  at reaso n ab le  in te rest.

01 KlifiRcnbcrK, "F.lccliicily Supply in l-argc C ili« ," p. 399.



2 5 8 N E T W O R K S  O F  P O W E R



25 9 L O N D O N : T H E  P R IM A C Y  O F  P O L IT IC S

Figure IX .10. Utilities of the Western 
world: Relation o f income to output and 

load factor. From Insull, Cenlral-Siaiion 
Electric Service, p. 461.

L o n d o n ’s s ix ty -fo u r  utilities d id  n o t fill th e  bill o f  p a rticu la rs . T h e  reasons 
w ere d iv e rse  a n d  com plex .

A p a rtia l e x p la n a tio n  is su g g es ted  by a co m p ariso n  o f  th e  co n tex t in 
which th e  th r e e  cities ' u tilities d e v e lo p ed . Insu ll b o asted  o f  his la rg e  in 
d u s tria l p o w er c o n su m e rs , a n d  in B erlin , BEW  su p p lie d  th e  heavy in d u s 
tries th a t w ere  f lo u r ish in g  in th e  o ld  city a n d  in th e  n ew er su b u rb s . T h e re  
was even  a special c a teg o ry  in B e rlin ’s load  statistics fo r  th e  la rg e  in d u stria l 
p o w er users . L o n d o n ’s in d u s tr ia l base was relatively  sm all-scale. M ore sp e 
cifically, th e  utilities in  B erlin  a n d  C h icago  c o o p e ra te d  w ith la rg e  electrical 
m a n u fa c tu re rs  th a t h ad  th e  re se a rc h -a n d -d e v e lo p m en i s tre n g th  to  dev e lo p  
cap ita l-in ten siv e  m ach in e ry  th a t w ou ld  no t on ly  raise  co n su m e r d e m a n d  
bu* im p ro v e  th e  load  fac to r. T h e  L o n d o n  u tilities h ad  to  w ork  w ith re latively 
sm all B ritish  elec trica l m a n u fa c tu re rs  o r  im p o rt eq u ip m e n t fro m  th e  la rge  
m a n u fa c tu re rs  in G e rm an y  a n d  th e  U n ited  S tates. F u r th e rm o re , th e  B erlin  
u tility  was ow n ed  a n d  m an ag ed  by a la rg e  m a n u fa c tu re r  a n d  th e re fo re  
re p re se n te d  a sym bio tic, vertical co o rd in a tio n  o f  su p p ly  a n d  d e m a n d . All 
th re e  cities w ere  e lec trify in g  th e ir  tran sit system s, b u t w hile C om m o n w ea lth  
E dison  a n d  B EW  in te g ra te d  trac tio n  in to  th e ir  d ivers ified  a n d  un iversal 
e lectric  po w er system s, L o n d o n ’s trac tio n  load re m a in e d  sm all, on ly  12 
p e rc e n t o f  th e  u tilities’ to ta l load.

A lth o u g h  co n te m p o ra r ie s  o ften  looked  to  th e  co n d itio n  o f  technological 
a n d  scien tific  ed u c a tio n  a n d  th e  h ea lth  o f  science in g en e ra l fo r an  e x p la 
n a tio n  o f  th e  sla te  o f  techno logy , th e  s itu a tio n s in B erlin , C hicago , a n d  
L o n d o n  w ere so m u ch  alike th a t this ra tio n a le  is o f  little h e lp  in ex p la in in g  
th e  d iffe re n c e s  in th e  d ev e lo p m en t o f  th e  th re e  utility  system s. M ajor tech 
nical a n d  scien tific  in stitu tio n s w ere located  in B erlin  a n d  L o n d o n , a n d
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C h icag o ’s e lectrical m a n u fa c tu re rs  cou ld  em p lo y  e n g in e e rs  a n d  scientists 
w ho had  been  tra in ed  in lead ing  eng in ee rin g  colleges th ro u g h o u t the  U nited 
S tales.

A n o th e r  c o n te m p o ra ry  ex p la n a tio n  m ig h t be called  th e  “A m erican  view .” 
T h e  e d ito r  o f  a le a d in g  A m erican  t ra d e  jo u rn a l ,  Electrical World, o p in e d  as 
late as 1923. a f te r  a visit to  L o n d o n , th a t e lectric ity  was “alm ost, b u t not 
qu ite , as u n k n o w n ” in G rea t B rita in — a n d  especially  L o n d o n — as th e  C h ris 
tia n ’s G od  was in an c ien t A th en s. R e fe rr in g  to  an  a lta r  St. Paul h ad  fo u n d  
th e re  on  M ars H ill a n d  its in sc rip tio n , “to  th e  U n k n o w n  G o d ,"  th e  e d ito r  
w ro te  th a t,  sim ilarly , th e  B ritish  show ed  s igns o f  on ly  d im ly  c o m p re h e n d in g  
th e  god  electric ity . T h e r e  was som e h o p e , h e  a d d e d ,  th a t th e  s tree ts  o f 
L o n d o n  w ou ld  n o t alw ays be lit by gas lam ps. T o  d r iv e  h o m e  his p o in t, he 
f u r th e r  o b se rv ed  th a t th e  e s tim a ted  o u tp u t  o f  e lec tric ity  f ro m  g en e ra tin g  
s ta tio n s in th e  U n ited  K in g d o m  was a p p ro x im a te ly  5 b illion kw h., o r  less 
th a n  th e  to ta l g e n e ra te d  in th e  m e tro p o lita n  d is tric t o f  N ew  Y ork . (T h e  
U n ited  K in g d o m , he  h as te n e d  to  a d d , h ad  45  m illion  p eo p le ; N ew  Y ork 
C ity. 7 m illion .) T h e  A m erican  b lam ed  g o v e rn m e n t o w n e rsh ip  fo r “as we 
h ave rea so n  to  know  in th e  U n ited  S la te s ,” h e  said , “ th a t is a severe  h a n d 
icap .’”62 T h e  A m erican  e d i to r ’s d iag n o sis  o f  B rita in 's  "sickness" as a case of 
rep re ssiv e  g o v e rn m e n t o w n e rsh ip  was b iased  by his ow n ideo logy . P e rh ap s 
he, a n d  A m erican s gen e ra lly , w ere no t aw are  o f  co m p ariso n s  o f  th e  p e r 
fo rm an ce  o f  loca l-au lh o rity  a n d  p riva te ly  o w n ed  u tilities in L o n d o n  and  
B rita in ; such  co m p a riso n s  show ed  th a t o n e  was n o t c learly  s u p e r io r  to  the  
o th e r  w hen  m e a su re d  by c r ite r ia  in c lu d in g  costs a n d  r e tu rn  on  invest
m e n t.63

T h e  political, o r  legislative, e x p la n a tio n  fo r  th e  o vera ll back w ard n ess  of 
L o n d o n ’s u tilities is persuasive . T h e  tw o g re a t tech n o lo g ica l fa ilu re s  in 
L o n d o n — D ep tfo rd  a n d  th e  M erz p o w er sch em e— fo u n d e re d  on  th e  rocks 
o f  leg isla tive o b s tru c tio n . F e rra n ti took  too  g ian t a s te p  a n d  com m itted  
h im se lf to  a k ind  o f  c u r re n t w hich h ad  little  p o ten tia l fo r  d ev e lo p m en t, 
bu t his tes tim o n y  th a t th e  E lectric  L ig h tin g  Act o f  1888 a n d  th e  M arin d in  
C o m m itte e ’s in te rp re ta tio n  o f  it im p o sed  c r ip p lin g  h a n d ic a p s  m u st be taken  
seriously  in view o f  su p p o rtiv e  ev id en ce . T h e r e  is no  d o u b t th a t M erz’s 
p lan  was f ru s tra te d  by leg isla tion . W ith o u t leg isla tive  s u p p o r t,  he  sim ply 
co u ld  n o t g o  a h e a d . At th e  sam e tim e, th e  C h icag o  a n d  B erlin  utilities w ere 
a cq u ir in g  fran ch ise s  th a t w ere  co ex tensive  w ith te chno log ica l lim its.

T h e  q u es tio n  rem a in s , how ever. W hat f ru s tra tin g  fo rces  w ere b eh in d  
th e  leg isla tion? W hat in te re sts , values, a n d  trad itio n s  d id  th e  leg islation 
m an ife st— o r  b e lte r , n o t re p re se n t?  T h e  q u es tio n  can  best be a p p ro a c h e d  
ind irec tly  by re fe re n c e  to  B erlin  (see Fig. IX. 10). C h icag o  d o es n o t p rov ide  
as in stru c tiv e  a co m p a riso n , b ecau se  C h icag o ’s po litic ians w ere pliable. 
T ech n o lo g y  a n d  econom ics d o m in a te d  politics in C h icago , w h e re  political 
po w er was a c o m p o n e n t in an  e m b ra c in g  tech n o lo g ica l-eco n o m ic  system . 
The C h icago  system  was A m erican  a n d  "g o -ah ead ."  It was co u p led  to  the  
fu tu re , no t ro o te d  in th e  past. In  B erlin , on  th e  o th e r  h a n d , po litical an d  
techno log ica l p o w er w ere no t as th o ro u g h ly  in te g ra te d  as th ey  w ere in

m W. II. O nkcn. J r .. "Electrical Development in England." Electrical World 82 (1923): 1055.
H annah, Electricity Before Nationalisation, pp. 5 0 -5 1; Hallin, Electricity Supply in Great Brit

ain. p. 27.
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C hicago , a n d  they  c o u ld — a n d  o f ie n  d id — conflic t. U n like  th e  situ a tio n  in 
L o n d o n , how ever, th e  co n fro n ta tio n s  cu lm in a ted  in n e g o tia te d  c o o rd in a 
tion  a n d  c o o p e ra tio n  r a th e r  th a n  in s ta lem ate . In  B erlin , th e re  w ere  in 
d iv id u a ls  w ho b u ilt b rid g es  be tw een  th e  w orld  o f  tech n o lo g y  a n d  th a t o f 
politics. T h e  p re se n c e  o f  b a n k e rs  a n d  in d u stria lis ts  on  th e  adv iso ry  b o a rd  
o f  BEW  was a m a n ife s ta tio n  o f  th e  co h e re n c e  a n d  c o o rd in a tio n  o f  finance , 
in d u s try , a n d  u tility  in  B erlin . S uch  a p ro g re ssiv e  co m b in a tio n  o f  c o o rd i
n a ted  forces was n e e d e d  lo  ove rco m e  vested  a n d  h isto rica l in te re s ts  in 
L o n d o n , b u t such  a c o m b in a tio n  d id  n o t exist. In s tead , th e  p ro p o n e n ts  o f 
local g o v e rn m e n t au th o rity , o f  m u n ic ip a l socialism , a n d  o f  p riv a te  e n te r 
p rise  c o n f ro n te d  o n e  a n o th e r  in a p lu ra lis tic  d e b a te  th a t fro m  th e  p o in t o f 
view o f  th e  fo rces  fo r  te chno log ica l ch a n g e  p ro d u c e d  a s ta lem ate . W hen  
th e  1EE d e le g a tio n  p re se n te d  its re so lu tio n  to  G e ra ld  B a lfo u r, p re s id e n t 
o f  th e  B o a rd  o f  T ra d e ,  in 1902, h e  ack n o w led g ed  th a t B rita in ’s su p p ly  
in d u s try  lag g ed  b eh in d  th a t o f  th e  U n ited  S la tes a n d  G erm an y , bu t he 
ex p re ssed  d o u b t th a t th is was a lto g e th e r  d u e  to  legislative reg u la tio n . H e 
insisted  th a t th e re  w ere in B rita in  “a la rg e  n u m b e r  o f  s tro n g ly  e s tab lished  
in te re s ts  w hich p ro d u c e d  a very  s tro n g ly  d ev e lo p ed  in stinc t o f  co n se rv a 
tism .”64 H e reco g n ized  th e  p rim acy  o f  politics— in th is in stance , th e  po w er 
o f  conserva tive  po litical in te rests .

*• IEF. Journal 3 1 (1901-2): 1326.
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California 
White Coal

Th e  co n flu e n c e  o f  s te a m -tu rb in e  tech n o lo g y  a n d  th e  u n iv ersa l supp ly  
system  p u sh e d  th e  d e v e lo p m e n t o f  u rb a n  p o w er system s fu e led  by 

coal, a n d  in th e  sym bio tic  in te ra c tio n .o f  w a te r- tu rb in e  tech n o lo g y  a n d  the  
u n iv ersa l system  lies a m a jo r  ex p la n a tio n  fo r  th e  ra p id  u tiliza tion  o f  w hite 
coal. B ecause  th e  effic iency  o f  a tu rb in e  in c rea ses  w ith capacity , th e  steam - 
tu rb in e  p o w er p lan ts  w ere loca ted  in o r  n e a r  cities w h e re  d e m a n d  was 
heavy; fo r  th e  sam e rea so n , w a le r - lu rb in e  p o w er p la n ts  s itu a te d  a t th e  
w a te r-p o w er sites h ad  to  reach  across m any  m iles w ith  tran sm issio n  lines 
in o rd e r  to  su p p ly  a la rg e  load . L o n g -d is tan ce  tran sm issio n  a n d  th e  u n i
versal system  p ro v id e d  th e  m a rk e t n e e d e d  fo r  la rg e , e ffic ien t hy d ro e lec tric  
p lan ts. T h is  c h a p te r  dea ls  w ith th e  in te g ra tio n  o f  th e se  p lan ts , lo n g -d is tan ce  
p o in t- to -p o in t tran sm issio n , a n d  u rb a n  d is tr ib u tio n  system s in  C a lifo rn ia .

P o in t-to -p o in t tran sm iss io n , as d is tin g u ish e d  fro m  tran sm issio n  n e t
w orks. o r  g rid s , is d e f in e d  as th e  long , o v e rla n d  tran sm issio n  o f  h ig h  voltage 
u n in te r ru p te d  by la rge-capac ity  d is tr ib u tio n  a n d  sw itch ing  s ta tions a lo n g  
th e  way. T ra n sm iss io n  n e tw o rk s, o r  g rid s , a lso u se h igh  voltage, b u t they  
consist o f  a n u m b e r  o f  re la tively  s h o r t tran sm issio n  sec tions tied  to g e th e r  
at m a jo r n ex u s, o r  load  c e n te rs , fro m  w hich d is tr ib u tio n  lines sp re a d . As 
will be seen , p o in t-to -p o in t tran sm issio n  is a p p ro p r ia te  w h e re  a g re a t d is
tance  se p a ra te s  th e  p o w er so u rces  (w ate r o r  coal) a n d  th e  u rb a n  a n d  in 
d u s tr ia l load . At th e  tu rn  o f  th e  c e n tu ry , m o re  den se ly  p o p u la te d  reg ions, 
such  as th e  u rb a n  c e n te rs  o f  G e rm a n y , te n d e d  to w ard  th e  use o f  tra n s 
m ission ne tw o rk s. In  C a lifo rn ia , p o in t- to -p o in t tran sm issio n  reach ed  its 
g rea te s t he ig h ts— o r  d is tances .

T h e  early  h is to ry  o f  tran sm iss io n  involves m any  so-called  firsts th ro u g h 
ou t th e  w orld . T h e r e  w ere m a jo r  tran sm issio n  d e m o n s tra tio n s  in Italy  a n d  
F rance , as well as in G e rm a n y  a n d  th e  U n ited  S lates. B e fo re  th e  1880s, 
these dem o n stra tio n s involved d irect cu rre n t. C anada , J a p a n , M exico, Chile, 
In d ia , B razil, Italy , T asm a n ia , S o u th  A frica . S p a in , S w eden , F rance , Switz
e r la n d , th e  U n ited  S tales, a n d  G e rm a n y  all h ad  tran sm issio n  system s o f
70 ,000  volts o r  m o re  b e fo re  W orld  W ar I. O f  th e  fifty-five system s th en  
u sin g  70 ,000  o r  m o re  volts, fo rty -n in e  tra n sm itte d  fro m  la rg e  hyd ro e lec tric  
p o w er p lan ts ; th e  rem a in in g  six tra n sm itte d  fro m  co a l-fired  p lan ts , several 
fro m  m in e -m n u ih  p lan ts. T h e  tran sm issio n  d is tan ce  was o v e r  a h u n d re d



2 0 3 C A L IF O R N IA  W H I T E  C O A L

m iles in h a lf  o f  th e  in s ta lla tio n s .1 M ore o f  th e se  h ig h -v o ltag e  tran sm iss io n  
system s w ere  in th e  reg io n  o f  C a lifo rn ia  (e igh t) th a n  in any  o th e r  reg io n  
o f  th e  w orld , a n d  all e ig h t C a lifo rn ia  system s tra n sm itte d  h y d rau lic  pow er.

T h e  h igh ly  d e v e lo p e d  sta te  o f  w a te r- tu rb in e  tech n o lo g y  at th e  lim e  h igh - 
vo ltage tran sm issio n  b ecam e feasib le  g rea tly  facilita ted  th e  use o f  hyd ro - 
electric ity . W a te r  tu rb in e s  h ad  b een  a ro u n d  fo r a lo n g  tim e. E ssential t u r 
b in e  p rin c ip le s  w ere  in c o rp o ra te d  in th e  h o rizo n ta l w a te r w heels show n  in 
d raw in g s  by s ix te e n th -c e n tu ry  E u ro p e a n  e n g in e e rs . T h e  h is to ry  o f  th e  
tu rb in e  p r in c ip le  in o th e r  p a r ts  o f  th e  w orld  m ay be ev en  o ld e r .2 T u rb in e s , 
w hich a re  g en e ra lly  classified  as w a te r w heels, d if fe r  fro m  trad itio n a l w ater 
w heels in th a t they  d e p e n d  fo r  p o w er m o re  on  th e  m o m e n tu m  o f  th e  w ate r 
as it e n te rs  th e  tu rb in e  h o u s in g  th a n  o n  th e  fall d u e  to  g rav ity  o f  th e  m ass 
o f  w a te r  a t th e  site  o f  th e  w heel. In  effec t, th e  b lades o f  th e  tu rb in e  w heel 
m ust be fo rced  a sid e  (ro ta te d )  in o rd e r  fo r  th e  h ig h -m o m e n tu m  w a te r to  
ex it, o r  e scape , fro m  th e  tu rb in e  h o u sin g . T h e  im p o rta n c e  o f  th e  d iffe re n c e  
fo r  th e  e n g in e e rs  d e s ig n in g , a n d  th e  cap ita lists f in an c in g , h y d ro e lec tric  
p ro jec ts  is th a t tu rb in e  w heels o f  m u ch  sm a lle r size can  be u sed  to  o b ta in  
th e  sam e p o w er as a m u ch  la rg e r  w a te r w heel o f  th e  tra d itio n a l k ind . 
B ecause bu ild in g s, pen sto ck s, flum es, d am s, a n d  o th e r  civil e n g in e e r in g  
w orks m ake  u p  th e  la rg est sh a re  o f  th e  cost o f  a h y d ro e lec tr ic  in s ta lla tion , 
re d u c tio n  in size f ro m  th e  trad itio n a l w ate r-w heel type  is o f  g re a t im p o r
tance . F u r th e rm o re ,  tu rb in e  e ffic iency  h ad  b een  no tab ly  im p ro v e d  by 1890 
th ro u g h  e x p e r im e n t a n d  analysis th a t d rew  o n  scien tific  know ledge .

T u rb in e s , especially  th o se  o f  th e  F ranc is type , w hich h ad  b een  d ev e lo p ed  
in th e  U n ited  S ta tes  b u t w e re  b ased  on  E u ro p e a n  e x p e rie n c e  a n d  h y d rau lic  
science, w ere  w ell-su ited  b o th  fo r  th e  h ig h -h e a d  sites o f  C a lifo rn ia  a n d  th e  
low er-head  sites o f  th e  ea s te rn  seab o a rd  o f  th e  U n ited  S tates. T h e  C alifo rn ia  
e n g in e e rs  a lso  u tilized  an  im p u lse , o r  tan g en tia l,  w a te r w heel d ev e lo p ed  
by L este r Pe lton  a n d  o th e rs  in C a lifo rn ia  a n d  in o th e r  m o u n ta in o u s  reg io n s 
o f  th e  W est.3 T h e  im p u lse  w heel was d r iv e n  by an  e x trem e ly  h ig h  velocity 
je t  o f  w a te r p lay in g  o n  bu ck e ts  a t th e  p e r ip h e ry  o f  a h ig h -s tre n g th  iro n  o r  
steel w heel. T h e se  w a te r  w heels d e p e n d e d  n o t on  th e  m ass o f  w a te r fa lling  
th e  d is tan ce  o f  th e  d ia m e te r  o f  th e  w heel, b u t on  th e  velocity a n d  m ass o f  
th e  im p ac tin g  je t  o f  w ate r. T h e re fo re ,  th e se  w heels, like tu rb in e  w heels, 
w ere m u ch  sm a lle r  in  d ia m e te r  th a n  th e  conv en tio n a l w a te r wheel.^

1 U.S., D epartm ent o f Com merce, Bureau of the Census, Central Electric Light and Power 
Stations and Street and Electric Railways, with Summary o f the Electrical Industries, 1912 (Washington,
D.C.: CPO, 1915). foldout facing p. 132.

* F. M. Fcldhnus, Die Technik Der Vorzeit, Der Geschichtlichen Zeit und Der Naturvolkrr (Leipzig
and Berlin: Engclmann, 1914), p. 1304.

5 Charles M. Coleman, P.O. and E. of California: The Centennial Story o f Pacific Cat and Electric 
Company, 1852-1932  (New York: McGraw-Hill, 1952), pp. 112-15.

5O n the history of the turbine, sec Louis C. H unter, Waterpower: A History of Industrial 
Power in the United States, 1780-1930 (Charlottesville: University Press o f Virginia, 1979), pp. 
292-342; Edwin T . Layton, J r ., "Scientific Technology. 1845-1900: T he Hydraulic T urbine  
and Origins of American Industrial Research," Technology and Culture 20 ( 1979):64-89; Hans- 
Joachim Braun, "Tcchnischc N eucrungcn um die Mine dcs 19. Jah rhunderts: Das Bcispiel 
der W asserturbincn," Technikgeschichte 46 (1979): 285-305; and T erry  Reynolds, Stronger Than 
a Hundred Men: A History of the Vertical Water Wheel (Baltimore: T he Johns I lopkins University 
Press, 198.1).
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T h e  dev e lo p m en t o f  electric pow er transm ission inau g u ra ted  a new phase 
in th e  h is to ry  o f  h y d rau lic  pow er. W a te r-p o w er sites w ere exp lo ited  only 
by local c ra fts , m in in g , a n d  in d u s try  so lo n g  as p o w er transm ission  was 
lim ited  to  m echan ica l m ean s, p rim arily  bells a n d  gea rs . As a resu lt, w ate r
po w er re so u rces  in m o u n ta in o u s  a re a s  th ro u g h o u t  th e  w orld w ere only 
partia lly  d ev e lo p ed . A fte r  th e  in tro d u c tio n  o f  d ire c t-c u r re n t g en e ra to rs  
a n d  m o to rs  d u r in g  th e  1870s, how ever, e n g in e e rs  a n d  e n tr e p re n e u r s  saw 
th e  possibilities o f  lo n g -d is tan ce  e lec tric  p o w er tran sm issio n . A m o n g  those 
w ho led in p o w er-lran sm iss io n  e x p e rim e n ts  a n d  d e m o n s tra tio n s  was M arcel 
D eprez , th e  F ren ch  e n g in e e r  w ho tr ied  d ire c t-c u r re n t h igh -vo ltage  tra n s 
m ission  in  m any  d em o n s tra tio n s . O sk a r  von M iller, as n o te d  ea r lie r ,  invited 
D ep rez  to  install a p o w er-tran sm iss io n  d e m o n s tra tio n  on  th e  occasion  ol 
th e  M un ich  e lectrical e x h ib itio n  in 1882 (see p. 131 above). T w o  years later, 
at th e  T u r in  e x h ib itio n , G au la rd  a n d  G ibbs d e m o n s tra te d  tran sm issio n  ol 
electric ity  o v e r long  d is tan ces  fo r  use in lig h tin g  (see p. 94 above). In  1891 
von M iller, w hose in te re s t in po w er tran sm issio n  was g rea tly  s tim u la ted  by 
th e  h u g e  w a te r-p o w er p o ten tia l o f  th e  B av arian  A lps n o t fa r  fro m  his native 
M un ich , a lso h e lp e d  o rg an ize  th e  w o rld ’s first su b stan tia l d em o n s tra tio n  
o f  p o ly p h a se -c u rre n t tran sm issio n  o v e r a lo n g  d is tan ce  (see p. 131 above). 
A b o u t a d e c a d e  la te r  von M iller b eg an  th e  in v estig a tio n s a n d  p la n n in g  that 
w ou ld  c u lm in a te  in th e  co n s tru c tio n  o f  a la rg e  A lp in e  h y d ro e lec tr ic  station 
at W alchensee , in th e  B avarian  A lps, f ro m  w hich p o w e r was tran sm itted  
in a g r id  th ro u g h o u t  B avaria  (see pp . 3 3 7 -5 0  below ).

Early d e m o n s tra tio n s  o f  po w er tran sm iss io n  w ere  m a d e  in G erm any , 
B rita in , a n d  th e  U n ited  S tales, b u t th e  h is to ry  o f  h ig h -v o ltag e  long-d istance 
p o w er tran sm issio n  fro m  w a te r-p o w er sites d o es n o t len d  itse lf  to  com 
p a riso n , fo r d e v e lo p m e n ts  in th e  th re e  c o u n tr ie s  w ere  n o t com parab le . 
N e ith e r  B rita in  n o r  G e rm a n y  h ad  a m a jo r  ( ra n k e d  on  a w orld  scale) point- 
to -p o in t h y d rau lic  p o w er tran sm issio n  system  by 1914.s T h e  m a jo r reason  
fo r th e  less im pressive  d e v e lo p m e n t o f  th e  tech n o lo g y  in G e rm a n y  was the 
d en sity  o f  th a t c o u n try ’s s e ttle m e n t a n d  in d u s tr ia l  d e v e lo p m e n t. T h e  m ajor 
causes in B rita in  w ere  den sity  o f  s e ttlem en t a n d  th e  lack oT m a jo r m ou n ta in  
ran g es. G e rm a n y  h ad  m a jo r w a te r-p o w er sites in th e  A lps sp re a d  along 
h e r  so u th e rn  a n d  s o u th e a s te rn  b o rd e rs , b u t load  ce n te rs  w ere w ith in  tens 
o f  m iles r a th e r  th a n  h u n d re d s .  B rita in  h ad  m u ch  less p o ten tia l w a te r pow er, 
a n d  h e r  in d u s tr ia l a rea s  w ere w ith in  a rela tively  few m iles o f  h e r  h igh  hills 
a n d  low m o u n ta in s , w ith th e  e x cep tio n  o f  th e  H ig h la n d s  o f  Sco tland . Both 
c o u n tr ie s  h ad  h y d ro e lec tric  s ta tio n s b e fo re  W orld  W ar I— G erm an y 's  w ere 
large-capacity  in s ta lla tions— but th e  c o m b in a tio n  o f  la rg e  capacity  an d  
transm ission  d is tan ces  o f  a h u n d re d  m iles o r  m o re  was a C a lifo rn ia  p h e 
n o m en o n .

B ecause o f  its d ra m a tic  b eau ty  a n d  th e  im m en se  a m o u n t o r  w ater pow er 
it h a rn essed , som e h is to rian s  have c o n c lu d ed  th a t th e  e lec tric  p o w er pro ject 
a t N iag a ra  fa lls , no t th e  C a lifo rn ia  system s, was th e  tu rn in g  p o in t in the 
h isto ry  o f  lo n g -d is tan ce  p o w er transm ission  in th e  U n ited  S tates. T h e  e n 
g in ee rs  a n d  e n tr e p re n e u r s  w ho p re s id e d  o v e r its co n s tru c tio n  ex pec ted  
B uffa lo , New Y ork , a heavily  in d u s tria liz ed  city a lm ost tw enty  m iles from  
th e  po w er s ite a t th e  falls, to  be th e  load  c e n te r . In s tead , an  in d u s tr ia l c e n te r

'  H.iremi of the Census. Central Electric Ught and Power Station, foMoul facinR p. 132.
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sp ra n g  u p  at th e  falls. M ost o f  th e  15,000 h .p . th a t was m a d e  availab le  in 
th e  initial in s ta lla tion  o f  1895 was p u t to  use in th e  m e ta llu rg ica l a n d  
e lec trochem ica l p lan ts  th a t loca ted  th e re  to  use th e  c h e a p  electric ity . A 
tran sm issio n  line  to  B u ffa lo  d id  n o t o p e n  un til 1896, a n d  h ad  a capacity  
o f  on ly  1,000 h .p . N o t un til 1910 d id  a m a jo r lon g -d is tan ce  tran sm issio n  
line ex te n d  fro m  N iag a ra  Falls, a n d  th is was th e  w ork  o f  th e  H yd ro -E lec tric  
P ow er C om m ission  o f  O n ta r io , a g o v e rn m e n t-o w n e d  system  su p p ly in g  T o 
ro n to  a n d  th e  p ro v in ce  o f  O n ta r io . In  1914 th e  T o ro n to  P ow er C o m p an y  
c o n s tru c te d  th e  seco n d  m a jo r tran sm issio n  line fro m  a p o w er p lan t at th e  
rails.6

W ith in  th e  U n ited  S tates, on ly  th e  so u th e a s te rn  reg io n  e x te n d in g  fro m  
V irg in ia  to  A labam a w itnessed  d e v e lo p m e n t o f  h y d ro e lec tric  p o w er tra n s 
m ission co m p a ra b le  to  th a t o f  th e  C a lifo rn ia  reg io n . T h e re  th e  w a te r pow er 
availab le  in th e  A p p a lach ian  M o u n ta in s , th e  re la tively  th in ly  p o p u la te d  
u p lan d s , a n d  th e  c o n c e n tra tio n  o f  in d u s try  a h u n d re d  o r  m o re  m iles d is ta n t 
on  th e  coastal p la in  all fav o red  lo n g -d is tan ce  tran sm issio n . By 1914 N o rth  
C a ro lin a  h a d  tw o m a jo r  tran sm issio n  system s in o p e ra tio n , o n e  e x te n d in g  
96  m iles a n d  th e  o th e r  210  m iles; V irg in ia -W est V irg in ia ’s system  co v ered  
75 m iles; C e o rg ia  h ad  a 170-m ile system ; a n d  A lab am a’s a n d  T e n n e sse e ’s 
system s e x te n d e d  150 a n d  140 m iles respectively . D istrib u tio n  system s in 
u rb a n  ce n te rs  a n d  reg io n a l g r id s  o r  n e tw o rk s w ould  co n n ec t to  th e se  s o u th 
e as te rn  tran sm iss io n  lines in a way th a t was s im ila r to  th e  C a lifo rn ia  c o n 
nections. T h e  only  m a jo r  d iffe re n c e  be tw een  th e  h y d ro e lec tric  p lan ts  in 
th e  tw o reg io n s  was th e  classification  o f  th o se  in C a lifo rn ia  as h ig h -h ead  
p lan ts , ra n g in g  fro m  1,000 to  2 ,000  feet, a n d  those  in th e  S o u th east as 
m e d iu m -h e a d  p lan ts , m e a su rin g  in th e  h u n d re d s  o f  fe e t.7

It was in C a lifo rn ia , h ow ever, in th e  1890s, th a t an  e ra  o f  lo n g -d is tan ce  
hyd ro e lec tric  p o w er tran sm issio n  b egan . “T h e  first fa in t g lim m erin g s  o f  a 
new  d a w n ,” th e  Electrical World  o b se rv ed  in 1912, “w ere ju s t  visible a n d  th e  
new  daw n  was in th e  W est."  “C a lifo rn ia ,” th e  jo u rn a l  h ad  c la im ed  e a rlie r, 
“is th e  b ir th p la c e  o f  rea l lon g -d is tan ce  po w er tran sm issio n  o n  th is co n ti
n e n t.” S u b seq u en tly  th e  reg io n  becam e “th e  g re a t c e n te r  o f  d ev e lo p m en ts , 
th e  w o rld ’s lab o ra to ry  o f  b rillian t a n d  successfu l ex p e rim e n ts  in h ig h -te n 
sion e n e rg y  tra n sm iss io n .”8 T h e  h isto ry  o f  th e  e p iso d e  is a s trik in g  e x am p le  
o f  h u m a n  b e ings u sin g  tech no logy  to  m ed ia te  betw een  them selves a n d  
n a tu re , a re la tio n sh ip  as o ld  as h u m a n  h istory .

T h e  h is to ry  o f  h y d ro e lec tric  d e v e lo p m e n t a n d  p o w er tran sm issio n  in 
C alifo rn ia  is an  o u ts ta n d in g  ex am p le  o f  th e  way in w hich tech n o lo g y  can  
co m p en sa te  fo r n a tu ra l inadequac ies . N a tu re  h ad  left th e  C a lifo rn ia  reg ion

* For a comparative study o f the use o f  Niagara power in Canada and the United States, 
sec Robert BcIHeld, “T he Niagara Frontier: T he Evolution o f  Electric Power Systems in New 
York and O ntario, 1880-1935" (Ph.D. diss.. University o f Pennsylvania, 1980). T he contem 
porary and historical literature on the Niagara project is extensive. Bclfield cites many or 
these sources.

7 "The G reat Southern Transmission Network." Electrical World 63 (I9M ): 1201, reprinted 
in Turning Points in American Electrical History, ed. Jam es G. Brittain (New York: IEEE Press, 
1976), p. 163.

" “T he Larger Aspect o f Central Station Work," Electrical World 59 ( I9 I2 ) :IM I; "The 
World's Longest Power Transmissions," ibid. 39 (1902): 188.
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sh o rt  o f  e n e rg y  r e s o u rc e s / ' F o re st co v e red  th e  low er e leva tions o f  th e  S ier
ras, b u t th e  rap id ly  g ro w in g  p o p u la tio n  on  th e  coast cou ld  n o t a ffo rd  to 
t ra n s p o r t  th is w ood fo r  fuel. T h e  Electrical World  su m m arized  th e  p ligh t 
o f  th e  reg io n , w ith its e x p a n d in g  p o p u la tio n  a n d  lim ited  en e rg y  supply :

T he unwooded plains and bare foothills |on  the coast) smoothed as with a 
T itan's trowel, give small supply above ground and save for a modest supply of 
petroleum  near Los Angeles there is little below. Until the beginning o f power 
transmission by electricity the main reliance was Australian coal and the cost of 
power was almost prohibitive.10

C o n s id e r in g  th e  San  F ranc isco  a re a , a n o th e r  c o n te m p o ra ry  o b served :

Until o f late power for industrial uses has been a commodity as expensive as it is 
indispensable. Except in m ountainous localities, wood is not to be had for fuel, 
while the supply o f California coal has thus far been really insignificant when 
com pared with its total consum ption."

O n  th e  positive s ide, C a lifo rn ia  d id  have  n a tu ra l e n d o w m e n ts  th a t w ere 
t ra n s fo rm a b le  by tech n o lo g y  in to  en e rg y  re so u rc e s .12 T h e  h is to ry  o f  e lectric 
p o w er in  C a lifo rn ia  is a no tab le  re m in d e r  th a t c h a n g in g  tech n o lo g y  can 
m ak e  n a tu re  a re so u rce , a fac to r o f  p ro d u c tio n . T h e  co m in g  o f  long -d is
tan ce  p o w er tran sm issio n  m ad e  th e  re m o te  lakes, s tream s, a n d  rivers  of 
th e  S ie rra  N ev ad a  p o w er so u rces  first fo r  re la tive ly  n e a rb y  m in in g  tow ns, 
th e n  fo r  n e ig h b o rin g  fa rm  co m m u n itie s  o f  th e  g re a t c e n tra l  valley o f  C al
ifo rn ia , a n d  finally  fo r  th e  fa r  m o re  heavily  se ttled  coastal cities. U ntil the  
ad v en t o f  p o w er tran sm iss io n , th e  S ie rra s  w ere  p e rc e iv e d  by coastal in 
h a b ita n ts  as obstacles to  th e  w agon tra in s  a n d  ra ilro a d s , as th e  location  of 
go ld  a n d  silver m ines, a n d  as th e  site  o f  w in te r  snow s, w hich , d u r in g  the 
sp r in g  thaw , b ro u g h t w ater fo r ir r ig a tio n  b u t floods as w ell.13

B efo re  d e sc r ib in g  th e  way in w hich tech n o lo g y  m oved  en e rg y  a h u n d re d  
m iles o r  m o re , how ever, it is p e r tin e n t to  co n s id e r  th e  n a tu ra l en d o w m en ts  
in  C a lifo rn ia  th a t e n g in e e rs  a n d  o th e rs  ex p lo ited  to  accom plish  th is  p ow er 
tran sm issio n . N a tu ra l g eo g ra p h y  invariab ly  fig u re s  p ro m in e n tly  in accoun ts 
o f  h y d ro e lec tric  p ro jec ts . T h e  m o is tu re - la d e n  w inds passin g  ea stw ard  from  
th e  Pacific first e n c o u n te r  th e  C oast R ange  ru n n in g  a lo n g  th e  ocean  and  
ran g in g  in h e ig h t fro m  a b o u t 2 ,0 0 0  to  8 ,000  feel. T w e n ty  to  fo rty  m iles in 
w id th , th ese  hills a n d  m o u n ta in s  receive som e ra in  as th ey  deflec t th e  m oist 
a ir  u p w a rd , b u t n o t e n o u g h  to  m a in ta in  reg u la rly  flow ing  stream s. N o r is 
w ate r accu m u la ted  as d e e p  snow fall. T h e re fo re ,  th e  C oast R an g e  has been  
o f li l l le  c o n seq u en ce  to  th e  e n e rg y -seek in g  coastal c o m m u n itie s . In  co n tra st, 
in th e  ea s te rn  reach es o f  th e  s ta te , r ivers  a n d  s tream s flow fro m  th e  s lop ing  
face o f  th e  S ie rra  N evada . T h is  n o rth -so u th  ra n g e  e x te n d s  a b o u t 430  miles

u Hamilton Wright, "Long-Distance H igh-Tension Transm ission of Power in California," 
Scientific American 88 (1903): 373; I I. G. Umlcr. "Pools o r Power." Survey Graphic 51 (1924): 
605; Albert W. Atwood, "Testing Big Business in the West," Saturday Evening Post, 22 De
cember 1923, p. 16.

‘" "A Notable Transmission System," Electrical World and Engineer 45 (1905): 375.
"  George P. Low, I lie World s Longest Electric Power Transm ission." Journal of Electricity, 

Power and Gas II (1901): 145.
"  I have concentrated on California in this section on the history o f power transmission. 

Similar developments occurred in other m ountain states or the American West.
’’ "Rivers o f the West," Electrical West 129 (1962): 344-45.
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w ith e leva tions ra n g in g  u p  lo  14,495 feet. T h e  n o r th e rn  h a lf  no rm a lly  has 
an  a n n u a l ra in fa ll o f  m o re  th a n  400  inches; ih c  so u th e rn  p o rtio n  usually  
has 1 0 -2 0  inches, w ith th e  e x cep tio n  o f  th e  s o u th e rn m o s t tip , w hich reaches 
in to  th e  low -ra in fa ll a re a  below  F re sn o  a n d  above  Los A ngeles. N a tu ra l 
basins a n d  d e e p , riv e r-w o rn  can y o n s p u n c tu a te  th e  S ie rra s  a n d  o f fe r  pow er 
an d  llo o d -co n lro l sites fo r d am s, m ak in g  possib le  y e a r - ro u n d  u tiliza tion  of 
th e  a b u n d a n t  w in te r  p re c ip ita tio n . T h e  Y uba, th e  F e a th e r , a n d  th e  S ta n 
islaus a re  a m o n g  th e  rivers  th a t p ro v id e  sites fo r  dam s.

The C oast R an g e  a n d  th e  S ie rra s  rim , a n d  v irtua lly  close in a t b o th  en d s, 
a n  ex ten siv e  valley. F ro m  n o r th  to  so u th  it ex te n d s  ab o u t 43 0  m iles fro m  
la ti tu d e  40° to  la titu d e  35°. In  w id th  it av e rag es a b o u t 40  m iles. T h e  r e 
su ltin g  1 7 ,2 00-square-m ile  a re a  is d ra in e d  by th e  S a c ra m e n to  a n d  San 
J o a q u in  rivers  in to  th e  San  F ranc isco  Bay. T h e  cities in th e  valley, w hich 
in c lu d e  S ac ram en to , F re sn o , San Jo se , S to ck to n , a n d , a t th e  b ay ’s o p e n in g  
to  th e  sea, O a k la n d , A lam ed a , San  F rancisco , a n d  B erke ley , w ailed  for 
i r rig a tio n  p o w ered  by e lec tric  p u m p s  lo  m ak e  possib le  th e  in ten siv e  cu lti
vation  o f  fru its , vegetab les, a n d  o th e r  cro p s. S im ilarly , th e se  co m m u n itie s  
aw aited  th e  a rr iv a l o f  en e rg y  to  re lieve th e  c o n s tra in ts  on  th e ir  g ro w th . 
T h e y  w ould  s p r in g  to  life d ram a tica lly  as th e  tran sm issio n  lines reach ed  
th em , a s itu a tio n  n o t u n lik e  th a t w hich o c c u rre d  w h en  canals a n d  ra ilro ad s  
first sp re a d  in th e  U n ited  S lates.

As was th e  case th ro u g h o u t  th e  w orld  b e fo re  th e  e ra  o f  e lec tric  po w er 
t ran sm issio n , th e  w a te r  p o w er in th e  m o u n ta in s  b en e fited  m ostly  th e  local 
inhabitan ts, w ho w ere few in n u m b e r because o f  the  difficult te rra in . A m ong 
th o se  few w ere  u sua lly  m in e rs , w ho took  ad v a n ta g e  o f  th e  n a tu ra l p ro x im ity  
o f  m in e ra ls  a n d  w ater. T h e  w a te r was u sed  to  w ash o re  f ree  f ro m  th e  e a r th , 
a n d  th e  ru s h in g  s tream s p o w ered  th e  w heels th a t d ro v e  th e  bellow s a n d  
o th e r  m ach in e ry  u sed  by th e  p ro cesso rs  o f  th e  o re  a n d  m etal. C a lifo rn ian s 
in th e  1850s a n d  six ties co n s tru c te d  w aterw orks lo  facilita te  m in in g  a n d  
m e ta llu rg ica l o p e ra tio n s . In  N evada , P lacer, E ld o rad o , A m ad o r, C alaveras, 
S tan islaus, a n d  T u o lu m n e  cou n tie s , m in in g  o r  w ate r co m p an ie s  bu ilt s to r 
a ge re se rv o irs  a n d  cana ls to  ca rry  th e  w ate r to  m in in g  sites to  w ash away 
th e  san d  a n d  g rave l hills in w hich th e  go ld  lay b u ried . By th e  early  1860s, 
o v e r 5 ,0 0 0  m iles o f  a rtific ia l w ate r cou rses  h ad  b een  built. As m in in g  tech 
n iques ch a n g e d  a n d  m in in g  activity  w aned , som e o f  th ese  facilities w ere 
m o d ified  fo r  use in ir r ig a tin g  th e  n ea rb y  valleys, a n d  even  la te r som e o f  
th e  e n g in e e r in g  w orks w ere tak en  o v e r  fo r  hyd ro e lec tric  d e v e lo p m e n t.M

T h e  h is to ry  o f  h y d rau lic  d e v e lo p m e n t, th e  ab u n d a n c e  o f  ra in fa ll, an d  
th e  h igh  e leva tions w ith ru sh in g  stream s in ea s te rn  C a lifo rn ia , to g e th e r  
w ith th e  coastal c o m m u n itie s  a sp ir in g  to  grow , th e  ex tensive  valley lands 
aw aiting  irrig a tio n , a n d  th e  n ascen t coastal in d u s try  n e e d in g  ch e a p  en e rg y , 
fo rm ed  a rev e rse  salien t, d e f in e d  a critical p ro b lem , a n d  su g g ested  a so
lu tion . T h e  s itu a tio n  called  fo r  en g in ee rs , financ ie rs, m a n u fa c tu re rs , c o n 
s tru c tio n  crew s, a n d  e n tr e p re n e u r s  lo  p ro v id e  techno logy , to  b r in g  new  
p o w er w h e re  it was d isposab le . T h e  h isto ry  o f  th e  o rg an iza tio n  o f  h y d ro 
elec tric  p o w er a n d  p o in t-to -p o in t transm ission  in C a lifo rn ia  is ex trem ely  
com plex  a n d  can  only  be h ig h lig h ted  he re ; this a p p ro a c h  will co n c e n tra te  
o n  re p re se n ta tiv e  acts o f  long -d is tance  p ow er transm ission  fro m  th e  S ie rra

’’ Coleman, I’.G. anil E. of California, pp. 92-94.
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N evada  to  th e  b u stlin g  S an  F ranc isco  Bay a rea  a n d  la te r to  sp raw lin g  Los 
A ngeles a n d  its en v iro n s.

Local fin an c ie rs  w ith e a s te rn  so u rces  o f  cap ita l, as well as local re p re 
sen ta tives  o f  e a s te rn  e lectrical m a n u fa c tu re rs , w ere involved , bu t d u r in g  
th e  first tw o d ecad es  o f  p o w er tran sm issio n  in C alifo rn ia , m ost o r  the  
electrical eq u ip m e n t a n d  techn ica l adv ice c am e fro m  e a s te rn  m an u fa c tu re rs  
a n d  co n su ltan ts . A list o f  tu rb in e s , g e n e ra to rs , a n d  t ra n s fo rm e rs  u sed  in 
m a jo r h y d ro e lec tric  sta tio n s inc lu d es th e  nam es o f  th e  S tan ley  Electrical 
C o m p an y  o f  M assachuse tts, th e  W esiin g h o u se  C o m p an y , a n d  th e  G en era l 
E lectric C o m p an y . T h e  e x cep tio n s  to  th e  e a s te rn  bias w ere th e  A llis-Chal- 
m ers  M a n u fa c tu r in g  C o m p a n y  o f  W isconsin, su p p lie r  o f  g e n e ra to rs , tra n s 
fo rm ers , a n d  tu rb in e s ; th e  O h io  B rass C o m p an y , m a k e r  o f  critically  im 
p o r ta n t s tra in  in su la to rs  fo r th e  tran sm issio n  line; a n d  th e  Pelton  C om pany  
o f  C a lifo rn ia  a n d  I. P. M orris o f  P h ilad e lp h ia , Pennsy lvan ia , p ro d u c e rs  of 
w ate r w heels a n d  tu rb in e s .15 T h e  m o d ifica tio n  o f  e q u ip m e n t to  su it C ali
fo rn ia  co n d itio n s , th e  su p e rv is io n  o f  c o n s tru c tio n , a n d  th e  overa ll design  
o f  system s, h ow ever, increasing ly  becam e th e  w ork  o f  C a lifo rn ia  en g in ee rs , 
som e o f  w hom  h a d  b een  e d u c a te d  at S ta n fo rd , th e  U n iversity  o f  C a lifo rn ia  
a t B erkeley , a n d  o th e r  C a lifo rn ia  institu tions."*  A m o n g  th ese  C alifo rn ian s 
th e re  was “no  re sp ec t fo r co n s titu ted  a u th o rity  . . . |o n ]  h y d rau lic , m e
c han ica l a n d  e lectrical m a tte rs . I f  an  im possib le  d am  has to  be e re c te d  . . .  
they  b u ild  it . . .  if  an  a lto g e th e r  u n h e a rd -o f  bit o f  tu n n e l has to  be m ade 
to  co n n ec t w ith a q u ite  im p rac ticab le  flu m e  . . . they  b o re  th e  tu n n e l and  
bu ild  th e  f lu m e  . . .  i f  th re e  o r  fo u r  sta tio n s m u s t be o p e ra te d  to g e th e r  in 
d e f ia n c e  o f  all p re c e d e n ts , in go  th e  sw itches a n d  th e  p lan ts  o p e ra te ." 17

S everal o f  th e  early  p o w er p lan ts  a n d  a sh o n -d is ta n c e  po in t-to -p o in t 
tran sm issio n  line w ere c o n c e n tra te d  in th e  S ie rra s  to  th e  n o r th  a n d  west 
o f  S ac ram en to , th e  cap ita l o f  th e  sta te . T h e  Folsom  p o w e r p lan t 011 the 
A m erican  R iver, w hich tra n sm itte d  20  m iles to  th e  city, was conce ived  of 
a n d  c o n s tru c te d  u n d e r  c ircu m stan ces th a t in m any  ways w ere re p re s e n t
ative o f  th e  early  d e v e lo p m e n t o f  h y d ro e lec tric  p o w er in C alifo rn ia  (see 
Fig. X .l ) .  T h e  h is to ry  o f  th e  sm all p lan t has a lm ost b een  fo rg o tte n , but 
w hen  it b eg an  tra n sm ittin g  electric ity  to  S a c ra m e n to  in th e  su m m e r o f  1895, 
c o n te m p o ra r ie s  c e leb ra ted  th e  occasion by illu m in a tin g  th e  cap ita l with 
th o u sa n d s  o f  in can d escen t lam ps, f irin g  h u n d re d s  o f  g u n s  in sa lu te , and  
m ak in g  b o astfu l ad d re sse s . Local n ew sp ap e rs  a n d  jo u rn a ls  p ro c la im ed  it 
th e  la rgest p o w er p lan t in th e  w orld  as well as th e  longest po in t-to -p o in t

From a survey o f the Journal of Electricity, Dr. A rthur Norberg and his staff at the Center 
for the History ol Science and Technology, University <»r California at Berkeley, concluded 
that through 1025 there was no major m anufacturer o f dynamos, generators, or large motors 
in the West; instead, there were many sales representatives from the East. T here  were, 
however, western m anufacturers or power-line switches (Pacific Electric M anufacturing Co. 
o r Napa. K-P-F Electric Co. of San Francisco, and Aguttet-Griswold of Seattle. Wash.), water 
wheels, and turbines.

IA A num ljcr o f instructors ol electrical engineering in California colleges and universities 
contributed to the growth of the utility systems through their leaching and also by working 
for the utilities and m anufacturers or as consulting engineers. Utilities and m anufacturers 
also contributed to research projects and facilities at leading departm ents of electrical engi
neering, such as those at Stanford and the I'h roop Institute ofTcchnology (later the California 
Institute of Technology). See the section on high-voltage laboratories, pp. 377-80 below.

17"T he Transmission Systems of the ('.teat West." Electrical World 50 (1012): I 142.
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Figure X .I. Fobom power plant. /9M . 
Courtesy of the Pacific Gils id Electric Co..

San Francisco. Calif.

transm ission  o f  po w er. T h e  e n g ra v e d  inv ita tion  fo r a "G ra n d  Electrical 
C a rn iva l"  re f e r r e d  to  “th e  g rea test o p e ra tiv e  electrical p lan t on  th e  A m e r
ican c o n t in e n t ." 18

In  several aspec ts, Fo lsom , C a lifo rn ia , was like Lowell, M assachusetts, 
b e fo re  th e  d ev e lo p m e n t o f  N iag a ra  Falls, th e  best-know n  w a te r-p o w er site 
in A m erica . In  1850 H o ra tio  G ates L iv e rm o re  h ad  com e from  New E ng land  
to  E ld o ra d o  C o u n ty . C a lifo rn ia , w here  go ld  was first d isco v ered , w ith an  
im age o f  w a te r-p o w ered  Lowell in his m ind . Fie env is ioned  a sim ilar in 
d u s tr ia l city at Fo lsom , a s to p  on  th e  S ac ram en to  Valley R ailroad , a n d  he 
p ic tu re d  logg ing , m in in g , a n d  o th e r  in d u s trie s  a lo n g  th e  n earb y  A m erican  
R iver. In  1850 L iv e rm o re  in te n d e d  to  bu ild  a Lowell, bu t his initial steps 
c u lm in a ted  q u ite  d iffe re n tly , in 1895, because o f  electricity .

In  1867 L iv e rm o re  c o n s tru c te d  a d am  on  th e  A m erican  R iver as part o f  
his g ra n d  d esig n  fo r th e  econom ic  dev e lo p m en t o f  Folsom . His p lans also 
called  fo r  a canal on  each  side o f  th e  riv e r e x te n d in g  abou t tw o m iles from  
th e  d a m  to  th e  tow n o f  Folsom : o ne , a pow er canal, w ould p ro v id e  a h ead  
o f  ab o u t 80 feet above th e  riv e r fo r po w erin g  w ater w heels; th e  o th e r  w ould 
c a rry  logs a n d  ir r ig a te  th e  p o ten tia lly  rich  fa rm lan d  in th e  reg ion . E arlie r, 
L iv erm o re  h ad  invested  in a system  o f  w ater-carry ing  d itch es to  su p p ly  th e  
p lace r m ines w ith w a te r to  w ash th e  g o ld -b ea rin g  soil. T h e  e ld e r  L iverm ore , 
like so m any  o th e r  e n te rp r is in g  C alifo rn ian s, ingeniously  u tilized  w ater as 
a m u ltiface ted  resou rce .

'"Colem an. P.O. (đ E. of California, pp. I 16-17. The acrotint ol Folsom is based on ibid., 
pp. I 16-27; and Archie Rice, "Folsom Power Plant.'" Journal of Electricity. Powci and Gas, as 
reprinted in Pacific. Gas and Electric Company: Historical and Descriptive (n.p., n.d.). pp. 1-21
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Figure X .2. Horatio P. Livermore. 
Courtesy of the Pacific Gas (d Electric Co..

San Francisco, Calif.

V ario u s tro u b le s  d e lay ed  c o m p le tio n  o f  th e  po w er canal a n d  th e  dam  
u n til 1893, how ever. (C onvict lab o r h a d  been  used  in th e  co n stru c tio n .)  By 
th e n , H o ra tio  P. L iv e rm o re , a son  o f  H o ra tio  G ales L iv erm o re , h ad  read  
re p o r ts  oT th e  p o w er-tran sm iss io n  e x p e r im e n t a t F ra n k fo r t  on  th e  M ain 
a n d  o f  th e  successfu l c o m p le tio n  in 1888 o f  F ran k  S p ra g u e ’s p io n ee rin g  
s tre e tc a r  system  in R ich m o n d , V irg in ia . So s tim u la ted , H . P. L iverm ore  
d ec id ed  to  bu ild  a h y d ro e lec tric  p la n t a t th e  te rm in a tio n  o f  th e  po w er canal 
in Folsom , tra n sm it w ith a lte rn a tin g  c u r r e n t  o v e r th e  20  m iles to  S acra
m en to , an d , to  e n s u re  th e  system  a load , o r  m ark e t, a cq u ire  a stree tca r 
fran ch ise  in S ac ram en to . Lowell, M assachusetts, was no  lo n g e r  th e  w ork ing  
m o d el fo r  th e  system . F o r fin an c in g , th e  y o u n g e r  L iv e rm o re  tu rn e d  first 
to  San Francisco , w h e re  local cap ita lists, in c lu d in g  th e  h e a d  o f  th e  Edison 
E lectric L igh t & P ow er C o m p an y , a p p e a le d  to  th e  E lectrical S ecu rities  C om 
pany  o f  B oston . E lectrical S ecu rities  u n d e rw ro te  th e  Folsom  utility ’s bonds, 
d ra w in g  u p o n  th e  advice o f  C h a rle s  C o ffin , p re s id e n t o f  th e  new ly fo rm ed  
G en e ra l E lectric. F in an ced  by E lectric  S ecu rities , L iv e rm o re  o rd e re d  his 
g e n e ra to rs , tra n s fo rm e rs , a n d  o th e r  e q u ip m e n t fro m  C o ff in ’s G en e ra l Elec
tric. T h e  Folsom  p lan t first tra n sm itte d  3 ,000  kw. fro m  fo u r  G E a lte rn a to rs  
a t 11,000 volts by m ean s o f  60-cycle th re e -p h a se  c u r re n t.  T h e  transm ission  
line  was c a rr ie d  a to p  4 0 -foo t c e d a r  po les se t u p  in tw o lines a lo n g  each  side 
o f  a c o u n try  ro ad . A t S ac ram en to , c o n v e rte rs  su p p lie d  d ire c t c u r r e n t  for 
th e  s tre e tc a r  load , a n d  low er-vo llage c u r r e n t  w en t to  th e  u tility 's  o th er 
c u s to m ers . I n d u s try  d id  n o t n eed  to  m ove to  th e  w a te r-p o w er site; the 
p o w er h ad  trav e led  o v e r  sm all w ires to  in d u s try .

T h e  L iv e rm o res  (a n o th e r  o f  H o ra tio  G a te s ’s sons, C h a rle s , a lso  h ad  b e 
co m e involved) d id  n o t an tic ip a te , how ever, th e  re g io n ’s su m m e r  d ro u g h ts , 
w hich cau sed  th e  A m erican  R iver to  ru n  low. In  1897 a n d  1898, desp ite  
th e  co n s tru c tio n  o f  a su p p le m e n ta ry , 750-kw . h y d ro e lec tric  p la n t a t Folsom, 
th e  in c rea s in g  in d u s tr ia l a n d  s tree t- lig h tin g  load  in S a c ra m e n to  cou ld  not 
be fully m e t because  o f  d ro u g h t  co n d itio n s. N o r d id  a n  au x ilia ry  steam  
p lan t u n d e r  c o n s tru c tio n  in S a c ra m e n to  p ro m ise  to  p ro v id e  a so lu tio n  to 
th e  p ro b lem . T h e re fo re ,  in 1899 th e  L iv erm o res  a n d  th e ir  associates in the 
S a c ram en to  P ow er & L igh t C o m p an y  co n tra c te d  to  tak e  p o w er fro m  the 
Y uba E lectric  P ow er C o m p a n y ’s C o lg a te  h y d ro e lec tric  p o w er p lan t 61 miles 
away.

N ew er a n d  la rg e r  th a n  Folsom , th e  C o lga te  p o w er p lan t was to  becom e 
m uch  b e lte r  know n  because  its o w n ers  a n d  e n g in e e rs  w ould  reach  beyond  
S a c ra m e n to  in th e  g rea t tran sm issio n  leap  to  O a k la n d , on  S an  Francisco 
Bay. The c o n s tru c tio n  o f  th e  C o lga te  p lan t was b eg u n  in 1895 by two 
C alifo rn ia  e n tr e p re n e u r s ,  E u g en e  J. d e  Sabla. J r . .  a n d  J o h n  M arlin . It 
w ould  becom e th e  n u c leus o f  a sy stem -b u ild in g  e n d e a v o r  th a t cu lm in a ted  
in th e  Pacific G as & E lectric C o m p an y , o n e  o f  th e  w o rld ’s la rgest utilities. 
B o th  d e  Sabla a n d  M arlin  cam e to  th e  field  w ithou t techn ica l exp e rien ce . 
De Sabla in 1892 h e a d e d  an  im p o rt-e x p o rt ho u se  e s tab lished  by his fa th e r  
in San Francisco , a n d  M artin  d ea lt in p ig -iro n  a n d  cast-iron  p ip e .19 Also 
involved  was R om ulus Riggs C o lga te , a f in an c ie r, an  en th u s ia s tic  advocate

'" T h e  account of dc Salila and Martin is based on Coleman, P.O. fcf E. of California, pp. 
128-43; and Archie Rice. "Colgate and Yulia Power Plants." Journal of Electricity. Power and 
Gas. as reprinted in Pacific Gas and Electric Company, pp. 75-97,
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Figure X .3. John Martin, 1904. 
Courtesy of the Pacific Gas id  Electric Co., 

San Francisco, Calif.

Figure X.4. Eugene de Sabla, j r ., 1910. 
Courtesy of the Pacific Gas & Electric Co., 

San Francisco, Calif.

o f  h y d ro e lec tric  po w er, a n d  th e  w ealthy  g ra n d so n  o f  th e  fo u n d e r  o f  th e  
C o lga te  S o ap  & P e rfu m e  C o m p an y .

W illiam  S tan ley , th e  d e v e lo p e r  o f  W estin g h o u se ’s a l te rn a tin g -c u r re n t sys
tem  a n d ,  by 1895, h e a d  o f  th e  S tan ley  E lectrical M a n u fa c tu r in g  C o m p an y , 
a s u p p lie r  o f  p o ly p h ase  p o w er e q u ip m e n t, e n c o u ra g e d  a n d  adv ised  M artin  
a n d  his associates o n  th e  C o lg a te  a n d  o th e r  h y d ro e lec tric  p ro jec ts . S tan ley  
a ssigned  M artin  th e  agency  fo r  S tan ley  e q u ip m e n t in C a lifo rn ia  a f te r  in 
te rv iew in g  h im  a t ih e  S tan ley  p la n t in P ittsfie ld , M assachusetts. L a te r  S ta n 
ley d isp a tc h e d  o n e  o f  his e n g in e e rs  to  C a lifo rn ia  to  in s tru c t M artin  in 
e lectrical th e o ry  a n d  p rac tice  a n d  in th e  in sta lla tion  o f  S tan ley  e q u ip m e n t. 
S tan ley  becam e a fam ilia r n a m e  in C a lifo rn ia  p o w er tran sm iss io n , a n d  
S tan ley -d esig n ed  e q u ip m e n t c o n tin u e d  to  be u sed  in th e  reg io n  a f te r  th e  
S tan ley  E lectrical M a n u fa c tu r in g  C o m p an y  was ab so rb ed  by th e  G en e ra l 
E lectric  C o m p an y .

A c o m m o n  f in an c ia l in te re s t  in th e  go ld  m ines o f  th e  Y uba R iver reg io n  
to  th e  n o r th  o f  S a c ra m e n to  b ro u g h t d e  Sabla a n d  M arlin  to g e th e r . In  search  
o f  a p o w er so u rce  fo r  th e ir  m ines th a t w ou ld  be m o re  econom ica l th an  
steam , th ey  tu rn e d  to  h y d ro e lec tr ic  pow er. T h e y  m ay have  b een  sp u r r e d  
on  by th e  successfu l d e v e lo p m e n t o f  th e  n ea rb y  Folsom  p lan t. B e fo re  b u ild 
ing  th e  C o lg a te  p la n t, th ey  co n s tru c te d  a 6 ,100-kw . p o w er p la n t o n  th e  
S o u th  Y uba R iver, a b o u t fo u r  m iles f ro m  N evada  C ity, C a lifo rn ia , a c e n te r  
o f  g o ld -m in in g  activity . D e Sabla ra ised  th e  cap ita l a n d  fo u n d  th e  cu sto m ers  
fo r  th e  N ev ad a  C ity p la n t, a n d  M artin , th e  se lf - tau g h t h y d rau lic  a n d  elec
trical e n g in e e r , assisted  by S tan ley , in sta lled  133-cycle tw o -p h ase  S tan ley  
g e n e ra to rs  a n d  P e lto n  w heels in th e  p lan t a n d  e re c te d  a 5 ,500-volt tra n s 
m ission  line  to  N ev ad a  C ity a n d  G rass Valley. W ork  b eg an  o n  th e  N evada  
p la n t (Fig. X .5) o n  5 Ju ly  1895, a n d  seven  m o n th s  la te r  th e  system  was in 
o p e ra tio n . As d e  Sabla  succinctly  su m m e d  u p  th e  e n tre p re n e u r ia l  h istory  
o f  th e  N evada  p o w e r p lan t,

I owned some mining interests at Nevada City and 1 started by trying to get 
electric power for use in the mines. The problem was to take water by ditch 
from the South Yuba and, by a gradient less than the river’s, carry it down to 
some point where a sufficient fall could be secured to operate electric 
generators. Land and water rights were acquired, plans made for the 
undertaking, a site selected for a dam, and, some three miles further down 
stream, a spot chosen for a power house at a point on the river about 15,000 ft. 
above the level o f the ocean.20

W ith  th e  success o f  th e  N evada  C ity p lan t, d e  Sabla becam e c o n fid e n t 
th e re  was a m ark e t fo r  m o re  po w er in nearb y  S ac ram en to , a n d  even  in 
San Francisco . H e  ra ised  m o re  m oney  fo r hyd ro e lec tric  p ro jec ts  f ro m  R. 
R. C o lga te , w ho la te r  h e lp e d  finance  th e  p ow er p lan t th a t was n am ed  fo r 
h im . M arlin  th e n  b o u g h t p o w er rig h ts  from  w ater com p an ie s  th a t o w ned  
system s o f  d itch es , f lum es, a n d  canals th a t h ad  been  built fo r irrig a tio n  
a n d  fo r  su p p ly in g  w ater to  m ines. O n e  o f  th e  m ost p ro m is in g  p ro p e rtie s  
fo r  co n v ersio n  lo  hyd ro e lec tric  po w er was located  on  th e  n o rth  fo rk  o f  th e  
Y uba. T h e re  th e  p a r tn e rs  e rec ted  th e  Y uba po w erh o u se , tak in g  ad v an tag e  
o f  th e  h ead  o f  w a te r p ro v id ed  by an  irrig a tio n  canal s itu a ted  a lo n g sid e  a

,n Archie Rice, "Slory o f the Nevada Power Planl." Journal of Electricity, Power and Gas, as 
reprinted in Pacific Gas and Electric Company, p. 59.
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Figure X.5. Nevada power plant: Low- 
head and high-head penstocks (rear). 

Courtesy of the Pacific Gas Id Electric Co., 
San Francisco. Calif.

m o u n ta in . By lo ca tin g  th e  p o w er p lan t below  in B row n V alley, they  ob 
ta in ed  a fall o f  295 feet. C o m p le te d  in 1898. th e  Y uba p o w er p lan t h a d  a 
capacity  o f  1,080 kw. A n 18-ntile tran sm iss io n  line ca rry in g  16,000 volts 
ra n  fro m  it to  m ines a n d  po w er cu s to m ers  in M arysville.

T h e  success o f  th e  N evada a n d  Y uba p o w er p lan ts  k in d led  th e  e n th u 
siasm , p ro v id e d  th e  e x p e rie n c e , a n d  e n g e n d e re d  th e  c o m m itm e n t th a t led 
M artin , d e  Sabla , a n d  C o lga te  to  co o p e ra te  in th e  co n s tru c tio n  o f  th e  C ol
ga te  p la n t (see Fig. X.6). W ith  a c o n trac t to  su p p ly  2 ,200  kw. to  th e  Liv- 
e rm o re s ’ w ater- a n d  p o w e r-sh o rt Folsom  p la n t in  S ac ram en to , M arlin , de  
S abla, a n d  C o lg a te  in Jan u a ry  1899 fo rm e d  th e  Y uba P ow er C o m p an y , a 
m illio n -d o lla r c o rp o ra tio n . The c o m p a n y ’s im m ed ia te  ob jective was to  co n 
s tru c t, on  th e  Y uba R iver e ig h t m iles above th e  1898 Y uba p la n t, th e  C o lgate  
p lan t, w hich w ou ld  su p p ly  b o th  th e  local load  a n d  S ac ram en to , o v e r 60 
m iles away.

T h e  C o lg a te  p la n t, w hich  was n am ed  fo r th e  m an  w ho h e lp e d  finance 
it, h ad  m any  o f  th e  techn ica l fe a tu re s  th a t cam e to  c h a rac te r ize  th e  h igh- 
h e a d , C a lifo rn ia  h y d ro e lec tric  p lan ts . E xtensive c iv il-en g in ee rin g  c o n s tru c 
tion  was n e e d e d . W a te r d iv e r te d  fro m  th e  h ighly  e leva ted  r iv e r at th e  dam  
site flow ed in a w oo d en  flu m e (7 feet in w id th  a n d  5 fee t in d e p th )  that 
sn ak ed  a lo n g  th e  c o u rse  o f  th e  river. T h e  Tall o f  th e  riv e r  was s teep , bu t 
th e  flu m e low ered  th e  e leva tion  o f  th e  d iv e r te d  w ater g rad u a lly , th e  g ra 
d ie n t be in g  a g en tle  12% Teet to  th e  m ile. By th e  tim e  th e  flu m e  reach ed  
th e  p o w er p lan t, w hich was s itu a ted  at r iv e r level 8 m iles d o w n stream  from  
th e  d am , th e  fall fro m  th e  flum e to  th e  po w er p lan t was 702 feet, o r  m ore
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Figure X.7. Flume line to Colgate power 
house. Courtesy o f the Pacific Gas id  

Electric Co., San Francisco, Calif.

O rig ina lly  two, a n d  la ie r  five, 30-inch  p ipes, o r  penstocks, c a rr ie d  w ater 
dow n  to  th e  p o w er p lan t w h e re  nozzle-ends p layed  s tream s o f  w ater, the  
th ickness o f  a m an 's  a rm , u p o n  th e  steel bucke ts o f  “m an  h ig h ” im pu lse  
w heels. T h e  fo rce  o f  th e  w ate r in sp ired  aw e a m o n g  co n te m p o ra ry  o b se rv 
ers. V isitors w ere w a rn ed  th a t a slip in to  th e  icy, su rg in g  w aters o f  th e  
flu m e m ean t su re  d ea th ; they  also h e a rd  th a t a m an  cou ld  h a m m e r u p o n  
th e  je t  o f  w ater issu ing  from  th e  nozzles as if  u sing  a s ledge  u p o n  an  anvil. 
T h e  C o lga te  p o w er p lan t began  o p e ra tin g  in 1899 ca rry in g  th e  local m ine  
a n d  in d u s tria l load a n d  su p p ly in g  S acram en to . B ecause o f  th e  varia tions 
in ex is ting  m o to rs , th e  p lan t had  both  th re e -p h a se  00-cycle an d  tw o-phase
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133-cycle S tan ley  g e n e ra to rs . By 1901 C o lg a te ’s capacity  was 14,000 h .p .,
3 ,000  o f  w hich co u ld  be d e liv e red  to  O ak la n d .21

In  1901 M arlin , d e  Sabla , a n d  C o lg a te  m ad e  a h is to ric  decision  th a t 
re su lted  in  th e  c o n s tru c tio n  o f  th e  w o rld ’s longest tran sm issio n  line from  
C o lga te  to  O ak la n d , o n  S an  F ranc isco  Bay, a d is tan ce  o f  140 m iles. T h e  
e a s te rn  b o n d  firm s E. H . R ollins & Sons a n d  N. W. H a rr is  Sc C o m pany  
h e lp ed  facilita te  th e  p ro jec t. S eek in g  re f in a n c in g , th e  O ak lan d  T ra n s it  
C o m p an y , w hich o p e ra te d  126 m iles o f  s tre e t railw ay, n eg o tia ted  w ith the  
R ollins a n d  H a rr is  co m p an ie s . T h e  fin an c ie rs  d ec id ed  th a t th e  tra n s it com 
pan y  n e e d e d  low -cost p o w er to  im p ro v e  its eco n o m ic  h ea lth . E n g in ee rs  of 
th e  b o n d  h o u ses  ex a m in e d  th e  feasibility  o f  tran sm iss io n  fro m  C olgate . 
U p o n  rece ip t o f  a fav o rab le  re p o r t ,  th e  fin an c ie rs  su g g es ted  in J u n e  1900 
th e  fo rm a tio n  o f  th e  Bay C o u n tie s  P ow er C o m p a n y  to  con so lid a te  the 
co m p an ie s  o p e ra t in g  th e  N ev ad a , Y uba, a n d  C o lg a te  p o w er p lan ts . De Sabla 
becam e  p re s id e n t a n d  g e n e ra l m a n a g e r , R. R. C o lg a te  a m e m b e r  o f  the 
b o a rd  o f  d ire c to rs , a n d  M arlin  h e lp e d  c a rry  o u t th e  tran sm issio n  pro ject, 
d ra w in g  u p o n  his S tan ley  c o n n ec tio n s .22

A fte r  c o n su ltin g  in P ittsfie ld  w ith W illiam  S tan ley  a n d  tw o o f  his asso
ciates, J o h n  F. Kelly a n d  C. C. C hesney , b o th  p ro m in e n t  e n g in e e rs , M artin  
d e c id e d  o n  6 0 ,000-vo li tran sm issio n , d o u b le  th e  vo ltage  re c o m m e n d e d  by 
G e n e ra l E lectric  a n d  W estin g h o u se . T w o  p a ra lle l lines, o n e  c o p p e r  and  
o n e  a lu m in u m , c a rr ie d  on  c e d a r  po les 25 fee t a p a r t ,  re a c h e d  fro m  C olgate 
to  th e  su b s ta tio n  at O a k la n d . T h e  d u p lic a tio n  seem ed  necessary  to  in su re  
th e  re liab ility  o f  th e  p io n e e r  p ro jec t. San  F ran c isco ’s Journa l o f  Electricity 
h e ra ld e d  th e  de liv ery  o f  p o w er o n  27 A pril f ro m  th e  S ie rra s  to  th e  Bay 
a rea  as " th e  g re a te s t  e lectrical e n g in e e r in g  tr iu m p h  e v e r  a cco m p lish ed .”23

N ot on ly  th e  tran sm issio n  line, w ith its u n p re c e d e n te d  le n g th  a n d  r e 
m ark ab ly  h ig h  voltages, b u t a lso an  im p ressiv e  w a te r  c ro ssin g  ex c ited  tha t 
co m m en t. B ecause  it was necessary  to  cross San  F ranc isco  Bay in o rd e r  to 
reach  O a k la n d , th e  e n g in e e rs  h ad  to  d ec id e  be tw een  a s u b te r ra n e a n  an d  
an  o v e rh e a d  c rossing . T h e y  chose  su sp en s io n  at a n a rro w  g ap , th e  C ar- 
qu in ez  S tra it, w h e re  th e  w a te r reach ed  a d e p th  o f  120 fee t a n d  ra n  in heavy 
an d  d a n g e ro u s  c u r re n ts  n e a r  th e  n o r th e rn  e x trem ity  o f  S an  F ranc isco  Bay. 
T h e  s tra it was 2 ,750  fee t w ide, w ith a b lu f f  r is ing  to  162 fee t to  th e  n o rth  
an d  a hill r is in g  to  ab o u t 4 0 0  feet to  th e  so u th . T h e  n o r th  side  p re se n te d  
a special p ro b lem  because  th e  lan d  was m arsh y  b eh in d  th e  b lu ff ,  m ak ing  
an c h o ra g e  fo r  th e  cables d ifficu lt. T h e  tow ers co u ld  no t w ith s tan d  th e  tons 
o f  la te ra l pu ll f ro m  th e  fo u r  s u sp e n d e d  cables, so th ey  h ad  to  be a n c h o re d  
in rock  o r  c o n c re te  b eh in d  a n d  below  th e  m ain  low ers. T w o  p rin c ip a l tow ers 
w ere e re c te d , a 225 -fo o t steel s tru c tu re  on  th e  n o r th  a n d  a 6 4 -foo t o n e  on  
th e  4 0 0 -fo o l e leva tion  o f  th e  hill. B eh in d  th e  n o r th  tow er, a t a d is tan ce  o f 
1,385 Teel, a s h o r t  to w er was n e e d e d  to  su sp e n d  th e  cab les o v e r  th e  m arshy  
g ro u n d  b e fo re  they  w ere c a rr ie d  do w n  to  th e ir  a n c h o ra g e s  (see Fig. X.8). 
T h e  ho rizo n ta l d is tan ce  b e tw een  th e  p rin c ip a l tow ers was m o re  th a n  th ree- 
q u a r te rs  o f a m ile, th e  c learan ce  above th e  bay o f  th e  s u sp e n d e d  cables at

'• Rice, "Colgate and Yuba Power Plains." p. 05; Low. "W orld's Longest Electric Power 
Transmission," pp. 154, 167.

Colcntan, P.G. (d E. of California, pp. 144-45.
1,3 L.ow, "W orlds Longest Electric Power Transmission," p. 145.
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Figure X.S. Transmission Span, 
Carquinez Strait, 1936. Courtesy o f the 

Pacific Gas (đ Electric Co., San Francisco, 
Calif.

th e ir  low est p o in t was ju s t  o v e r 200  feet, a n d  th e  cab le  le n g th  fro m  a n 
c h o ra g e  to  a n c h o ra g e  was 6 ,292  feet. Each cab le  e x e r te d  a p u ll o f  12 tons 
o n  its a n c h o ra g e . T h e  p ro b le m  o f  in su la tin g  th e  cab les a t th e  tow ers a n d  
an ch o rag es  was a d ifficu lt o n e .24

A fte r  co m p le tio n  o f  its g re a t p o in t- to -p o in t tran sm issio n  p ro jec t, th e  Bay 
C o u n tie s  P ow er C o m p a n y  e n te re d  a new  p h ase  o f  d e v e lo p m e n t— in te r 
connecting  w ithin its 14,000-square-m ile supply  a rea  its several S ierra  pow er 
p lan ts  a n d  vario u s k in d s o f  loads in th e  S ie rra s  w ith c o n su m e rs  in th e  
fa rm lan d s  a lo n g  th e  ro u te  o f  th e  tran sm issio n  line a n d  w ith th o se  a t th e  
te rm in u s  o f  th e  line in  th e  rap id ly  d e v e lo p in g  O ak lan d  reg io n . A cco rd in g  
to  th e  p rac tice  o f  th e  d ay , th e  co m p an y  tied  to g e th e r  th e  N evada , Y uba, 
a n d  C o lg a te  p la n ts  to  e n ab le  th em  “to  be o p e ra te d  in  u n iso n  as a sing le  
s ta tio n  as easily  as th o u g h  th ey  w ere  co m b in ed  u n d e r  a sing le  ro o f ." 2r> 
T h ro u g h  in te rc o n n e c tio n s  w ith o th e r  in d e p e n d e n t co m p an ies , p o w er from  
th e  C o lga te , N ev ad a , a n d  Y uba p lan ts  in  th e  S ie rra s  reach ed  C alifo rn ia  
cou n tie s  to  th e  n o r th  a n d  so u th  o f  O ak lan d  a n d  San  Francisco . T h e  in d u s try  
a n d  a g r ic u ltu re  in th e  reg io n  se rved  th e reb y  in c lu d ed  s tre e t railw ay, m a n 
u fa c tu re , sh ip p in g , m in in g , slock ra ising , a n d  fru it  g ro w in g .26 Yet Bay 
C o u n tie s  re m a in e d  p rim arily  a p o w e r-g e n e ra tin g  a n d  - tra n sm ittin g  co m 
pany , in c o n tra s t lo  a u tility  th a t is s trong ly  based  in d is trib u tio n . W ith in  
a few years, h ow ever, m e rg e rs  a n d  th e  acquisition  o f  d is tr ib u tio n  system s, 
especially  in San Francisco , w ould  ch an g e  th e  system ’s c h a rac te r .

M George P. Low. “T he Grcal Carquincz Transmission Span,"youm<i/ of Electricity, Power 
and Gas II (1901): 91-102.

’“ Low, "World's Longest Electric Power Transmission." p. 151; Wright. "Long-Distance 
Transmission." p. 373.

’"Low, “World's Longest Electric Power Transmission." p. 164.
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In  1903 d e  S abla a n d  M arlin , see in g  th e  eco n o m ic  a d v an tag es— especially 
th e  im p ro v e m e n t in  lo ad  fac to r— th a t w ou ld  follow  f u r th e r  in te rco n n ec tio n  
a nd  system -building, fo rm ed  th e  C aliforn ia  G as & Electric C om pany  (CG&E) 
lo  a cq u ire  a n d  m e rg e  p o w e r co m p an ie s , n o t on ly  to  in te rc o n n e c t them . 
CG & E m e rg e d  severa l S ie rra  h y d ro e lec tric  po w er co m p an ie s  w ith its own 
Bay C o u n tie s  C o m p an y . O n e  o f  th e se , th e  S ta n d a rd  E lectric  C om pany , 
o p e ra te d  th e  E lec tra  h y d ro e le c tr ic  p la n t in th e  S ie rra s , w hich tran sm itted  
p o w er to  th e  Bay a re a  u sin g  30 ,0 0 0  volts. C a lifo rn ia  G as & E lectric also 
ab so rb ed  th e  S a c ra m e n to  E lectric  G as & R ailway C o m p an y , w hich ow ned 
th e  p io n e e rin g  Folsom  p la n t a n d  look  p o w er fro m  C o lga te  as well. A th ird  
co m p an y  th a t was acq u ire d  ea rly  was th e  C e n tra l C a lifo rn ia  E lectric C om 
pany , w hich  se rv ed  a d is tric t, b e iw een  th e  Folsom  a n d  C o lga te  p lan ts , w ith 
th re e  h y d ro e le c tr ic  p lan ts . By 1905, fu r th e r  ex p a n s io n  h ad  b ro u g h t in to  
th e  CG&F. syslem  te n  h y d ro e lec tric  p lan ts  w ith in te rc o n n e c tin g  tran sm is
sion  lines a n d  tw o lon g -d is tan ce , h ig h -v o ltag e  lines e x te n d in g  to  th e  Bay 
a rea .

O n  th e  d e m a n d  (o r  load ) side , C G & E  o b ta in e d , in  ad d itio n  to  th e  re la 
tively sm all d is tr ib u tio n  system s a c q u ire d  w ith th e  S ie rra  po w er com pan ies , 
severa l u tilities in th e  Bay a rea . In  1903 M artin  p u rc h a se d  th e  lo n g -estab 
lished  O a k la n d  G as L igh t & H eat C o m p an y , w hich  su p p lie d  O a k la n d  a n d  
B erke ley , a n d  th e  U n ited  G as & E lectric  C o m p an y , w hich se rv ed  co m 
m u n itie s  so u th  o f  S an  Francisco , in c lu d in g  San  Jo se . O bv iously  th e  n ex t 
p r im e  o b jective fo r  d e  S abla a n d  M artin  as system  b u ild e rs  was a d is trib u tio n  
system  in S an  F rancisco . T h e y  fu lfilled  th is goal in  1906 w hen  they  a c q u ired  
th e  San  F ranc isco  G as & E lectric  C o m p an y . A fte r  m o re  th a n  a d ec a d e  o f 
sh a rp  c o m p e titio n  in San  F rancisco , th e  San  F ranc isco  G as & E lectric C o m 
pan y  h ad  es tab lish ed  itse lf as th e  d o m in a n t u tility  th e re . T h e  p r io r  history  
o f  c o m p e titio n , m e rg e r , a n d  acqu is ition  in San  F ranc isco  was s im ila r to  th a t 
in o th e r  u rb a n  ce n te rs  such  as C h icago . As in C h icago , an  E d ison  d irec t-  
c u r r e n t  lig h tin g  syslem  was th e  nu c leu s o f  early  su p p ly  in San F rancisco. 
T h e  E d ison  L ight & P ow er C o m p an y  o f  S an F rancisco , es tab lish ed  in 1891 
an d  fu n d e d  in  p a r t  by th e  E d ison  G e n e ra l E lectric  C o m p a n y  o f  New Y ork, 
m e rg e d  with th e  San  F rancisco  G as L ight C o m p a n y  in 1896 to  fo rm  the  
San F ranc isco  G as & E lectric  C o m p an y . T h is  co m p an y  ac q u ire d  c o m p e tin g  
San F ranc isco  utilities d u r in g  th e  n ex t d e c a d e  b e fo re  b e in g  a c q u ired  by 
C G & E. (See Fig. X .9.)

J u s t  as N ew  Y ork  fin an c ie rs  h ad  s tim u la ted  th e  fo rm a tio n  o f  th e  Bay 
C o u n tie s  P ow er C o m p an y  a n d  th e  tran sm issio n  fro m  C o lga te  lo  O ak lan d , 
N. W. H alsey  & C o m p an y , a N ew  Y ork in v estm en t a n d  b ro k e ra g e  house, 
look  th e  lead  in m e rg in g  th e  S an  F ranc isco  u tility  a n d  C G & E lo fo rm  a 
new  c o rp o ra te  en tity , th e  Pacific G as & E lectric C o m p an y . H alsey & C om 
pany  was a c q u a in te d  w ith th e  d e v e lo p m e n t o f  C a lifo rn ia  pow er, hav ing  
u n d e rw ritte n  a $3 m illion  b o n d  issue o f  th e  V alley C o u n tie s  P ow er C o m 
pany, a su b sid ia ry  o f  Bay C o u n tie s  Pow er C o m p an y . M artin  a n d  d e  Sabla 
ap p ro a c h e d  H alsey aga in  in 1905 with th e  p ro p o sa l th a t it o rg an ize  the  
m erg e r . A fte r  an  a u d it a n d  e n g in e e r in g  s tu d y  by H alsey  a u d ito rs  an d  
en g in e e rs , th e  financial h o u se  a g reed .

1 h e  c rea tio n  of th e  new  u tility  was an  in g en io u s  exerc ise  o f  ea ste rn  
financial e x p e rtise . I he  Pacific G as & E lectric C o m p an y  (PG& E) was in 
c o rp o ra te d  in O c to b e r  1905 w ith a cap ita l o f  $ 20  m illion  in c o m m o n  stock.
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Figure X.9. PGtdE mergers and 
consolidations. Courtesy of the Pacific Gas 

(d Electric Co., San Francisco. Calif.
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$10  m illion  in p re f e r r e d  stock , $10  m illion  in co lla te ra l tru s t  bo n d s, a n d  
$4 .5  m illion in d e b e n tu re s . T h e  Pacific G as 8c E lectric C o m p an y  a c q u ired  
th e  a lm ost $16  m illion  in o u ts ta n d in g  stock o f  th e  San F rancisco  G as 8c 
E lectric C o m p an y  (SFG & E) by p a y m en t o f  PG & E b o n d s (w orth  $ 10 m illion) 
a n d  cash , som e o f  w hich  d e r iv e d  fro m  th e  sale o f  PG& E d e b e n tu re s . T h e  
o u ts ta n d in g  stock o f  th e  C a lifo rn ia  G as & E lectric C o m p an y  (CG & E) was 
a c q u ired  by PG & E in e x ch an g e  fo r  PG & E p re fe r re d  stock w o rth  $10  m il
lion. T h e  stock p u rc h a se d  fro m  th e  San F rancisco  G as & E lectric  C o m p an y , 
w hich re ta in e d  its c o rp o ra te  id en tity , was d ep o s ited  w ith th e  U n io n  Trust 
C o m p an y  as secu rity  fo r th e  PG & E b o n d  issue.

A t a b o u t th e  sam e lim e  th a t PG& E w as in c o rp o ra te d , H alsey in c o rp o ra te d  
th e  Pacific G as & E lectric  Inv estm en t C o m pany , th e  p u rp o se  o f  w hich was 
lo  acq u ire  a n d  h o ld  th e  stocks, bo n d s, m o rtg ag es, a n d  so on , o f  o th e r  
c o rp o ra tio n s . T h e  c o m p a n y ’s a u th o riz e d  cap ita l was $20  m illion. Halsey 
tu rn e d  o v e r to  th e  inv estm en t co m p an y  th e  o p tio n s  lo  p u rc h a se  th e  slock 
o f  C G & E a n d  SFG & E a n d  ag re e d  to  ad v an ce  n o t m o re  th a n  $4 .5  m illion 
(secu red  by no te ) lo  th e  inv estm en t com pany . T h e  investm en t co m p an y  
gave all b u t 10 o f  its sh a re s  to  Halsey fo r th e  fo rm a tio n  o f  PG&E, a ssignm en t 
o f  r igh ts , ad v an ce  o f  fu n d s, a n d  H alsey’s year o f  ex p en siv e  investiga tions 
an d  n ego tia tions. The investm en t com pany  th en  tra n s fe r re d  to  th e  PG&E 
th e  r igh ts  a n d  th e  ad v an ce  o f  cash w hich it n e e d e d  to  pay to  th e  SFG & E 
fo r  its stock. In  re tu rn ,  PG&E tu rn e d  ov er all b u t 15 sh a re s  o f  its co m m o n  
slock to  th e  investm en t com pany . As a resu lt o f  this tra in  o f  transac tions, 
N. S. Halsey & C o m p an y  received  com m on  stock o f  th e  investm en t co m 
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pany  w o rth  po ten tia lly  $20  m illion  because  o f  th e  $20  m illion  in PG&E 
stock th e  in v es tm en t co m p a n y  o w n ed . T h e  sh a re s  o f  th e  in v estm en t com 
p any , it was u n d e rs to o d ,  w ere  d iv id ed  equa lly  a m o n g  H alsey, d e  Sabla, 
M arlin , F ran k  D ru m  (a S an  F ranc isco  fin a n c ie r  w ho  p a r tic ip a ted  in de 
Sabla u tility  en te rp r is e s ) , a n d  th e  c o m p a n y ’s t re a s u re r ,  in a p o ten tia l $20 
m illion  r e tu rn  fo r  c re a tin g  p ro p e r ty  o f  va lue  in excess o f  th e  value o f  th e  
tw o fo rm erly  in d e p e n d e n t  u tilities .27 Pacific G as & E lectric  b eg an  business 
in Ja n u a ry  1906.28

T h e  S an  F ranc isco  co m p a n y  b ro u g h t s team  p o w er p lan ts  to  th e  new 
Pacific G as & E lectric  C o m p an y . T h e se  p lan ts  co m p le m e n te d  th e  PG & E’s 
h y d ro e lec tr ic  p o w e r by c a rry in g  p eak  loads w h en  d e m a n d  rose  h ig h  an d  
w hen  w in te r freezes  o r  d ro u g h ts  lo w ered  th e  capac ity  o f  th e  h y d roe lec tric  
system . T h e  steam  p lan ts  a lso a id e d  in re g u la tin g  th e  w ho le  system  because 
o f  th e ir  ability  to  r e sp o n d  rap id ly  to  load  c h an g es . S uch  a sym bio tic  re la 
tio n sh ip  was n o t u n u su a l a t th is p o in t in th e  h is to ry  o f  e lectrical utilities, 
b u t th e  use o f  p e tro le u m -f ire d  bo ile rs  fo r  th e  s team  p lan ts  was. A c o n flu 
en ce  o f  c ircu m stan ces  m a d e  C a lifo rn ia  p e tro le u m  availab le  a t a b o u t the 
sam e  tim e  th a t h y d ro e le c tr ic  p o w er re a c h e d  San  F ranc isco . In  1907 PG & E’s 
la rg est s team  p lan t,  lo ca ted  in  San F ranc isco , u sed  546 ,0 0 0  b a rre ls  o f  C al
ifo rn ia  c ru d e  a n d  g e n e ra te d  73 m illion  kw h. In  1913 th e  co m p a n y ’s hy
d ro e le c tr ic  capac ity  o f  o v e r 123,000 h .p . was s u p p le m e n te d  by o il-fired  
steam  p lan ts  in S an  F rancisco , O a k la n d , S a c ra m e n to , a n d  S an  Jo se  w ith a 
co m b in ed  capac ity  o f  m o re  th a n  110,000  kw .29

A b r ie f  su rvey  o f  th e  h is to ry  o f  th e  co m p a n y  u p  to  1914 will show  tha t 
by th e n  th e  tra n s itio n  fro m  a p o w er co m p a n y  to  a co m p a n y  p re s id in g  over 
an  in te g ra te d  reg io n a l system  was c o m p le te  (see Fig. X. 10). PG & E had  
becom e th e  la rg es t system  on  th e  Pacific C oast a n d  ra n k e d  am o n g  A m erica’s 
five la rgest u tilities. O p e ra tin g  in th ir ty  co u n tie s  o f  ce n tra l C a lifo rn ia , the  
co m p an y , v irtua lly  a sing le  o p e ra tin g  u n it o f  in te rc o n n e c te d  p lan ts , s u p 
p lied  an  a re a  o f  37 ,0 0 0  sq u a re  m iles a n d  a p o p u la tio n  o f  1.3 m illion  (1910 
census). PG & E h ad  36 p e rc e n t o f  th e  e lec tric  a n d  gas business  in C alifo rn ia . 
T h e  n u m b e r  o f  h y d ro e lec tric  p la n ts  re m a in e d  a b o u t th e  sam e d u r in g  th e  
first e ig h t years  o f  th e  c o m p a n y ’s ex is ten ce , b u t th e  in sta lled  hydro e lec tric  
capacity  in c reased  by 64 p e rc e n t. T h e  n u m b e r  o f  steam  p lan ts  d ec lin ed , 
b u t la rg e r  u n its  b ro u g h t a 160 p e rc e n t in c rease  in capacity . T h e  c o n su m p 
tion  o f  oil as fue l in c rea sed . T h e  p eak  d e m a n d  o n  th e  system  increased  
fro m  6 3 ,0 0 0  h .p . in 1906 to  160,000  h .p . in  1913.30

T h e  re la tive  in c rea se  in s te a m -g e n e ra tin g  capac ity  as c o m p a re d  to  hy
d ro e le c tr ic  capac ity  is no tab le . T h e  u tility  h ad  b e g u n , in  1906, w ith alm ost 
tw ice as m u ch  h y d ro e lec tric  p lan t as s team  p la n t a n d  w ith  ex ten siv e  w ater
p o w er rig h ts  in th e  S ie rras . T h e  d e c re a s in g  p rice  o f  C a lifo rn ia  c ru d e  oil 
an d  th e  in c rea s in g  Bay A rea  load  p artia lly  ex p la in  th e  c o m p a n y ’s fa ilu re  
to  invest in a d d itio n a l h y d ro e lec tric  facilities. A n o th e r  rea so n  fo r  n o t ac-

”  Coleman. P.G. iđ  E. of California. pp. 230-31.
“  Ibid., pp. 227-33.
m  Pacific (.as 8c Electric Co., Eighth Annual Report of the Pacific Gas and Electric Company for 

the Fiscal Year Ended December 31, 1913 (San Francisco: PG&E. 1914). During the winter of 
1910, the company installed its first steam turbine; four years later 85 percent o f its steam 
capacity was the turbine type.

,n Ibid.. p. 11.
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Figure X.10. California Gas Id Electric 
Co. (later (PGldE) distribution and 

transmission system, central California, 
1904. Courtesy of the Pacific Gas Id 

Electric Co., San Francisco, Calif.
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q u ir in g  ad d itio n a l facilities was th e  availability  o f  low-cost hyd ro e lec tric  
p o w er fro m  th e  G re a t W este rn  P ow er C o m p an y . A lth o u g h  G rea t W este rn  
h ad  o w n ed  a p o w er line  fro m  Big B end  in th e  S ie rras  to  O ak lan d  since 
1909, il h a d  lacked  a d is trib u tio n  system  in San  Francisco , a n d  so it w ho le
saled  p o w er lo  Pacific G as & E lectric fo r sale th e re .

In  1911 G rea t W este rn  finally  a c q u ired  a d is tr ib u tio n  system  in San 
Francisco , a n d  in 1912 it laid  a tran sm issio n  cable u n d e r  th e  Bay from  
O ak lan d  to  San Francisco . A n tic ip a tin g  th e  loss o f  w holesale  pow er. Pacific 
G as 8c E lectric e m b a rk e d  on  a hyd ro e lec tric  p ro jec t to  increase  th e  g e n 
e ra tin g  capacity  o f  th e  c o m p a n y ’s system  by 80 p e rcen t. T h e  D ru m  sta tion , 
th e  first p o w er p la n t in a re la ted  p ro jec ted  series o f  six, cam e in to  o p e ra tio n  
in 1913, a d d in g  m o re  th a n  33 ,000  hydro e lec tric  h o rsep o w er to  th e  Pacific 
G as & E lectric system . D ru m  acco u n ted  bo th  fo r th e  first su b stan tia l in 
c rease  in th e  system ’s hyd ro e lec tric  po w er since th e  fo u n d in g  o f  th e  co m 
pany  a n d  fo r  th e  rela tive rise o f  hyd ro e lec tric  g e n e ra tio n  to  th e  level o f  
steam  g en e ra tio n  in 1913.31

T h e  p u rp o se  o f  th e  D ru m  p ro jec t was lo  utilize th e  w ate rsh ed  o f  th e  
S o u lh  Y uba a n d  B ear rivers. T h e  scope o f  th e  concep t e x te n d e d  fa r b eyond

11 For accounts o f the project see ibid.. pp. 12, 14; and Rudolph W. Van N orden, "Like 
Spaulding-D rum  Power Development." journal of Electricity 31 (1913): 525-41.
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th e  N evada , Y uba, a n d  C o lg a te  sch em es o f  slightly  m o re  th a n  a decad e  
e a rlie r, how ever. R igh ts a n d  facilities h ad  b een  a cq u ired  in th e  120-square- 
m ile w a te rsh ed  in 1905. T w o  co m p an y  e n g in e e rs , F ran k  B aum  a n d  J .  H. 
W ise, th e  first a g r a d u a te  o f  S ta n fo rd  a n d  th e  o th e r  o f  th e  U niversity  o f  
C a lifo rn ia  a t B erke ley , fo resaw  th e  e n o rm o u s  p o ten tia l o f  th e  w atersh ed  
fo r p o w er a n d  fo r  irr ig a tio n  a n d  in 1905 b eg an  su rv ey in g  a n d  p lan n in g . 
T h e  tw o m en  w ere  in c h a rg e  w h en  c o n s tru c tio n  on  th e  D ru m  p o w er p lan t 
b eg an  in 1912, b u t W ise d ie d  la te r  th a t year.

T h e  co m p re h e n s iv e  p lan  in 1912 ca lled  fo r  an  increase  in th e  capacity  
o f  L ake S p a u ld in g  to  9 7 ,0 0 0  ac re -fe e t in o rd e r  to  u tilize  m o re  o f  th e  flow 
o f  th e  S o u th  Y uba  R iver a n d  th e  r u n o f f  f ro m  th e  w a te rsh ed . D ru m  a n d  
five o th e r  p o w e rh o u se s  w ere  to  be  s te p p e d  a lo n g  th e  B ea r R iver a n d  along  
a rtific ia l w aterw ays fo r  a d is ian ce  o f  ab o u t 50 m iles in  o rd e r  to  m ake  use 
o f  th e  4 ,6 0 0 -fo o l d if fe re n c e  in e lev a tio n  fro m  th e  re se rv o ir  to  th e  last 
pow erhouse. T h e  u ltim ate  capacity o f  th e  six p lan ts was p ro jected  as 190,750 
h .p . A 1 10-m ile s lee l-to w er tran sm iss io n  line c a rr ie d  th e  p o w er at 100,000 
volts to  C o rd e lia , Pacific G as 8c E lec tric ’s load  c e n te r  a n d  sw itch ing  s ta tion  
n ea r  th e  C arq u in ez  span  across the  San Francisco Bay. A fte r passing th ro u g h  
th e  last o f  th e  p o w er p lan ts , th e  h a rn e s se d  w a te r was to  su p p ly  an  irrig a tio n  
system .

C o n s tru c tio n  o f  p o in t- to -p o in t tran sm iss io n  lines f ro m  th e  d is ta n t m o u n 
ta in s to  th e  e n e rg y -sh o r t coast was c a rr ie d  o u t by o th e r  u tilities e lsew here  
in C a lifo rn ia . T h e  p re e m in e n c e  o f  C a lifo rn ia  am o n g  reg io n s  o f  th e  w orld  
th a t w e re  d ev e lo p in g  lo n g -d is tan ce  tran sm iss io n  system s p r io r  to  W orld  
W ar 1 was m a d e  c lea r by th e  U.S. C en su s  B u re a u ’s listing  o f  transm ission  
system s o p e ra t in g  a t 70 ,0 0 0  volts o r  m o re  th ro u g h o u t  th e  w orld  in 1914. 
T w e n ty -e ig h t o f  th e  system s w ere  lo ca ted  in th e  U n ited  S ta tes  an d , as 
o b se rv ed  e a r lie r ,  e ig h t o f  th e se  w ere  in C a lifo rn ia . F o u r, in c lu d in g  Pacific 
G as 8c E lec tric ’s D ru m -to -C o rd e lia  system , te rm in a te d  in th e  S an  Francisco  
Bay a re a , a n d  fo u r  s e rv ed  th e  Los A ngeles  reg io n . M ichigan  h ad  th re e  
tran sm issio n  system s o p e ra tin g  at 70 ,0 0 0  volts o r  a bove, b u t no  o th e r  A m e r
ican s ta te  h a d  so m any . C a n a d a  a n d  Italy  led  th e  o th e r  n a tio n s  w ith fo u r  
each ; E n g lan d  h a d  n o n e ; a n d  G e rm a n y  h ad  tw o, bo th  o f  w hich  w ere  coal- 
fired  p lan ts  (see Fig. X .l I) .32

T h e  h is to ry  o f  Pacific G as & E lectric  is re p re se n ta tiv e  in m any  ways o f  
th e  h is to ry  o f  th e  o th e r  utility  c o m p an ie s  o p e ra t in g  th e  m a jo r  C a lifo rn ia  
tran sm issio n  lines a n d  re la te d  g e n e ra tio n  a n d  d is trib u tio n  system s. T h e se  
utilities— like Pacific G as 8c E lectric— re su lte d  fro m  m e rg e rs  o f  p o w er tra n s 
m ission c o m p a n ie s  a n d  u rb a n  utilities. In  n o r th e rn  C a lifo rn ia  th e  G rea t 
W este rn  P ow er C o m p a n y  c o m p e te d  w ith Pacific G as 8c E lectric fo r th e  
O a k la n d  a n d  S an  F ranc isco  m ark e ts . W ith  h y d ro e lec tric  facilities at Big 
B end  in th e  S ie rra s , G re a t W es te rn  also b u ilt u p  a d is tr ib u tio n  system  in 
th e  Bay a re a  by ac q u ir in g  sm all co m p an ie s  th a t su rv iv ed  a lo n g sid e  th e  San 
F rancisco  G as 8c E lectric  C o m p a n y  a n d  th e re b y  avo id ed  m e rg e r  w ith Pacific 
G as 8c E lectric. H eld  by an  e a s te rn  p o w er tru s t  w ith h e a d q u a r te rs  in New 
Je rse y , h ow ever, G re a t W es te rn  m e rg e d  w ith  its c o m p e tito r  in 1930. A n 
o th e r  o f  th e  n o r th e rn  C a lifo rn ia  lon g -d is tan ce  tran sm issio n  en te rp r ise s ,

** Bureau o f the Census. Centra! Electric Light and Power Stations, fblclotil facing p. 132.
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th e  S ie rra  & S an  F rancisco  C o m p an y , so ld  all o f  its p o w er to  S an  F rancisco  
transit o p e ra to rs , bu t Pacific G as & E lectric acq u ired  it as well in 19 2 7 .33

T w o  o f  th e  s o u th e rn  C a lifo rn ia  u tilities, th e  Pacific L igh t 8c P ow er C o m 
pany  (PL& P) a n d  th e  S o u th e rn  S ie rras  Pow er C o m p an y , h ad  p o in t-to -p o in t 
po w er tran sm issio n  o f  g re a te r  len g th  th an  th e  co m p an ie s  in th e  n o rth . In  
1913 Pacific L igh t 8c P ow er c o m p le ted  th e  2 4 1 -m ile B ig C re e k - to -L o s  
A ngeles tran sm iss io n .34 It c o m p e te d  in th e  Los A ngeles a re a  w ith th e  S o u th 
e rn  C a lifo rn ia  E d ison  C o m p an y , w hich o p e ra te d  th e  1 17-m ile-p lus K ern  
R iv e r - to -L o s  A ngeles  tran sm issio n . Pacific L igh t 8c P ow er su p p lie d  po w er 
fro m  Big C reek  to  th e  Los A ngeles  Railway C o rp o ra tio n  a n d  th e  Pacific 
E lectric  Railway, th e  la rg est in te rc ity  railw ay system  in th e  U n ited  S lates. 
By 1915 H a rry  E. H u n tin g d o n ,  th e  railw ay a n d  in d u s tr ia l  f in an c ie r, ow n ed  
su bstan tia lly  all o f  th e  slock o f  Pacific L ight 8c Pow er a n d  all o f  th e  slock 
o f  th e  Los A ngeles  Railway C o rp o ra tio n . In  1917 PL& E m e rg e d  w ith S o u th 
e rn  C a lifo rn ia  E d iso n .35 T h e  S o u th e rn  S ie rra s  Pow er C o m p an y , la te r  th e  
C a lifo rn ia  E lectric  P ow er C o m p an y , was th e  first to  tra n sm it p o w er fro m  
th e  S ie rras  so u th w a rd  to  th e  so u th e rn  C a lifo rn ia  co m m u n itie s . T h e  co m 
p any 's  B is h o p - to -S a n  B e rn a rd in o  line, s tre tc h in g  across th e  M ojave D esert 
a n d  usin g  2 ,000  steel tow ers, e x te n d e d  238 m iles. A n e tw o rk  o f  d is trib u tio n  
lines ra d ia te d  o u t f ro m  San  B e rn a rd in o  in to  R iverside a n d  S an  B e rn a rd in o  
coun ties.

T h e  m ost u n o r th o d o x  o f  th e  C a lifo rn ia  p o w er tran sm issio n  a n d  d is tr i
b u tio n  u tilities was th e  Los A ngeles  a q u e d u c t system  with its transm ission  
lines e x te n d in g  fro m  S an  F rancisco  to  Los A ngeles o v e r  a d is tan ce  o f  383 
m iles a t 100,000 volts. T h e  system  was u n u su a l because  an  e x te n d e d  a q 
u ed u c t was u sed  to  su p p ly  w a te r to  Los A ngeles, th e  w a te r was u sed  to  
g e n e ra te  e lec tric  pow er, a n d  th e  system  was m un ic ipa lly  o w ned .

T h e  tran sm iss io n  lines a n d  re la ted  ir r ig a tio n  system s o f  so u th e rn  C ali
fo rn ia , like th o se  in  th e  n o r th , tra n s fo rm e d  a reg io n  “by N a tu re  left w ith 
a wholly in su ffic ien t w a te r su p p ly  a n d  p a rc h e d  from  lack o f  it” in to  “[one] 
o f  th e  g a rd e n  sp o ts  o f  th e  c o n tin e n t.”36 T h e  po w er system s in th e  so u th , 
a lo n g  with th o se  in th e  n o r th , a lso m oved  th e  e n tire  s ta te  to  th e  fo re f ro n t 
a m o n g  e lec lr ic -p o w e r-g e n e ra tin g  reg ions. As e arly  as 1902 a n d  still in 1912, 
C a lifo rn ia  ra n k e d  seco n d  only  to  N ew  Y ork S ta te  in  th e  capacity  o f  w ater- 
p o w ered  p r im e  m overs  in c e n tra l e lectric  s ta tions; a n d  by 1912 C alifo rn ia  
h ad  risen  fro m  sev en th  to  fo u r th  b eh in d  N ew  Y ork , Illinois, a n d  P e n n 
sylvania in steam -p o w er-s ta tio n  capacity . T h e  com b in a tio n  p laced  th e  s la te  
a t th a t tim e  second  to  N ew Y ork in th e  g en e ra l ca teg o ry  o f  p rim ary  p o w er 
capacity  in c en tra l e lec tric  sta tions. A nd  in th e  ran k in g  o f  th e  s ta tes ac
c o rd in g  to  to tal k ilo w a tt-h o u r o u tp u t,  C a lifo rn ia ’s cen tra l sta tions, com -

“ Sketches o t  the history o f the Pacific Coast utilities can be found in the seventy-fifth 
anniversary issue o f Electrical IV«/. 129 (1962).

“ T he Big C rcek-lo-Los Angeles transmission line, because it operated with the highest 
voltage, drew upon the largest capacity, and was the longest o f the major world transmission 
systems, attracted considerable publicity. See. for example, A. J. Farnsworth, "The Big Creek 
Power Development.” Slone (đ Webster Journal 11 (1912): 167-75; J. H. A ndcrton, "Electrical 
Features o f the Big Creek Development," ibid. 13 (1913): 326-36; I I. A. Hagcman. “ The Big 
Creek Development: Hydraulic and Mechanical Features," ibid., pp. 228-47

“ "M erger o f California Hydroelectric Systems," Electrical World 68 (1916): 1134-35.
M"A Notable Transmission System," p. 375.



l i ! ! « ■ a

38
!

j

i

1

!
!

S S a ■

S

1

!
i

j

3«

1
1
!
1
s
I

i

I

J

s

i
9
j

i

1

a

1

i
I
I
j

i
1

j

8 * 8 9 S 8 9 9 8 * 8

1

I
J

I

I s i

i
i
J

s
J
!
j

? i  
i  i  
1  1

ii
i

i

!

1

j

I
<

1

1
S
!

i

! !

i

1

i 3

j

i i

i
i
i
i

j

1
I
»
j
s
I

i
I
I

3

j

j

Ž
i

I

1
i

j

3
!

I
I

i

i
i

l i l « , <1 <■ « « « «.
~8

aa

a a 8 a
« *■ I 8 0 - < • -

a8 a

8
t l

§ § a iS ' a a a a s ! s ! a aa a a

aa

a a

¥ §
I I

a

"1  a 
! I

a a6 at 8 ai
i t g | a 1 H a a a. aa aaa•=*- a aaa ait a : 8 a a8 a a aas a aa

1« ■
¥ ' ? T  

"1

9 9 
a 1

J ;

»3 3 3 3 3 3 3 3 3 i | 3 3
a a

£

aa a a a a§ a a a 8 a

s.

a a

£

1 a 1 a a a a a a3' a

£š i m i - i "1 «s £ - -
i \  i n

«
- « - < «■ - o - - -

i l l « - <■ 0 - * 1 - - - < < <■ 8
i

5 8 ~ ¥
IS

a a a a a ? a 8 a 8 a 88 a

3

a a a s B 8 a a

8

a

s
¥

i« *3 3 *9 »3 IJ 8 < 3 3 3 ] ~ 3 " 7 " 3 3 3 8 8
i a a a a a a a B a a a aa a a a a a a a a a a a a Si a a

l ! * 8 ■
| ¥ s 8 * 8 *■ 8 8 a- 9 8 a-

s ggg 81 aa I ” !~ 8 a a a n aa a a a a a a a i 8 a aa a 88 a a a a
am a 839 88 as a a 5 a B a 555 aa a a a a a a i a a a 83 a 51 a a E

h
9 9 I I I i l  I i  8 -1 3 | 5 g 33 31 -t $ 3 -S i i i 5 ] 1 31 3! - I 31 H - I 1 5

m>u  ! 1 j
sal

? ? i
a

i

■ f
a :

I
a S g a

-1
f a

5
i

< 1 i i I i 1 I i | i s i j

H « j  ! 
n  1' « ] -

a 5 a. 5 B
a

a

a

a

a a
a

a

a aa

a

a

a
a¥

aa

B

a

a

a

a
— e 

a

a
• i

a
“ L

a

IB 1! ass

a

a a a 8K ! 55 aa
n

a s

t ! i j i t £ 5 5 t s S £ 1 S 1 i 1 i t i \
1 ’

i  i £ t i i * t J t

I M i ? i i i i  i 5 i s i a I i l i i i I i i 1 i 1 a a i i

1 I

gB
a a § a a

S i a a a a a a a a
t

as' a
i aa as

7

a

" I  a

a

T a

a 8s' a8 a

a

a8
¥B a a a, a a’i  I a 5 a 8 B

*
8 a a g a a a ’  a 88 ~ a a

.i p

_ w _  _
8 a a

"V"I  ! a ~a a a 1 a 1 i a a a a a a a I a 8 a as a 5 I

5
j
1
5
1

a
I
\

9

1
i

a
!
ii

j ;

j i l

i n
I

I

!

9

!
1

!

3 j
I !

i !

P

9
\

i

1

j l
P

t

i

3
I

I
1
1

3
I
1

1

3
s

1
1

I

I
I 5

1

i
I
1

i:
I I

i i

i

i
a

j i
1 5 
I i

1
3
1

9
1
1
J

1
!

1
s
1

3
I

i i

1
i
1

!

|
3



Figure X.I1. Transmission systems of the world operating at and above 70,000 volts, 1914, ranked according to operating voltage. A = mesh grouping (three phases joined as 
equilateral triangle). Y = star grouping (three phases united at a common junction). From table compiled by Selby Hoar as a supplement to Electrical W orld. 25 Apnl 1914. and revised 
and brought up to date by Hoar for the Hydro-Electro Section, Xational Electric Light Convention, Philadelphia, Pa.. 2-5 June 1914 Reprinted in Bureau of the Cemiu. Central 
Electric Light and Power Stations, fold out facing p. 1)2. Data on transmission lines not included here.



m ercial a n d  m u n ic ip a l, w ere  seco n d  only  10 New Y ork  S la te ’s.37 C o m p ariso n  
o f  C a lifo rn ia  w ith th e  le a d in g  e le c tr ic -p o w e r-g e n e ra tin g  sta les— New Y ork, 
Illinois, a n d  P en n sy lv an ia— revea ls  th a t C a lifo rn ia  h ad  th e  largest p e r 
cen tag e  increase  in kilow att capac ity  a n d  in k ilo w a tt-h o u r o u tp u t d u r in g  
th e  d e c a d e  19 0 2 -1 2 .
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”  Bureau of the Census. Central Electric Light and Power Stations, pp. 30. 33. 34. 46. ami
5 0 .1  lie statistics are lor private and tntiniripally owned central stations supplying the public: 
see ibid., p. 15.



C H A P T E R  X I

War and Acquired 
Characteristics

ngineers and m anagers engaged in prediction prefer the ex trapo
la tion  o f  tre n d s  to  th e  fo rm u la tio n  o f  com plex  scenario s  based  on 

likely in te rac tio n s  o f  tre n d s  a n d  co n tin g en c ies  su g g ested  by h istorical p re c 
e d e n ts  a n d  ana log ies . B e fo re  W orld  W ar I they  u n d o u b te d ly  an tic ip a ted  
th a t th e  tre n d s  o f  th e  past d ecad e  o r  so w ould e x te n d  in to  th e  fu tu re . 
B ecause o f  th e  m o m e n tu m  o f  th e  electric  su p p ly  in d u s try , th is was a re a 
sonab le  a ssu m p tio n . M oreover, th e  factors in flu en c in g  th e  g ro w th — the 
co n tex t in w hich it o c c u r re d — w ere, by im p lica tion , p ro jec ted  in to  th e  fu 
tu re . T h e  co m b in a tio n  o f  g ro w in g  m o m e n tu m  a n d  re in fo rc in g  co n tex t was 
ex p ec ted  to  ov erw h elm  c o n tin g e n t p e r tu rb a tio n s . H istory , o f  co u rse , raises 
g rave  d o u b ts  ab o u t e x trap o la tio n s , bu t th e  s tu d y  o f  h istory  is no t re q u ire d  
o f  en g in e e rs  a n d  m an ag e rs .

H isto ry  is a re c o rd , am o n g  o th e r  th ings, o f  co n tingenc ies , even  o f  u n 
a n tic ip a ted  ca ta s tro p h e s , n a tu ra l a n d  m an -m ad e . In  A ugust I9 M  a m an- 
m ad e  c a ta s tro p h e  s tru ck  E u ro p e  a n d  la te r  sp read  to  A m erica. The im 
m ed ia te  e ffec ts  a n d  co n seq u en ces o f  W orld  W ar 1 have b een  d o c u m e n te d  
by h is to rian s . T h e  e ffec ts  o f  th e  w ar on  th e  evolv ing  electric  pow er system s, 
how ever, have b een  ov erlo o k ed . T h e se  system s, too, w ere a ffec ted  by th e  
w ar a n d  a c q u ire d  ch a rac te ris tics  tha t surv ived  in to  peacetim e.

T h e  p e r tu rb a tio n s  a n d  lasting  ch anges b ro u g h t by c a ta s tro p h es  such as 
w ar re su lt fro m  forces th a t a re  s tro n g  e n o u g h  to  d is ru p t th e  m o m en tu m  
o f  system s. O r, to  use a d iffe re n t m e ta p h o r , a chan g e  in the en v iro n m en t 
selects o u t d iffe re n t charac te ris tics . W orld  W ar I, fo r in stance , a lte re d  the  
re la tive in flu en ce  o f  th e  various con tex tu a l factors a ffec tin g  electric  pow er 
system s. E n g in ee rs  a n d  m an ag e rs  w ho, because o f  th e ir  e x p e r ien ce  a n d  
special co m p e ten ce , w ere com m itted  to  sm allness o f  scale n ev erth e less  ac
k n o w ledged  th e  p rim acy  o f  o u tp u t w hen p erso n a l a n d  n a tiona l survival 
seem ed  to  d e p e n d  on  it. Likewise, co m pan ies  a n d  g o v e rn m en ts  th a t w ere 
econom ically  a n d  ideologically  com m itted  to  vested in te rest a n d  a u th o rity  
y ielded  in th e  face o f  th e  sam e im pera tive . A h isto ry  o f  po w er su p p ly  d u r in g  
th e  w ar will show  this.

B ecause techno logy  is o ften  m an ifested  in m ateria l fo rm — mac hines, 
p rocessing  e q u ip m e n t, .structures, an d  tools— its lasting effec ts a re  easily
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o b serv ed . Id eas  a n d  even ts , h is to rian s  a rg u e , have effec ts  fa r  b eyond  the 
tim e  in w hich they  o ccu r, b u t th e ir  effec ts  a re  less visible. In  th e  case o f 
techno logy , even  th e  casual o b se rv e r  know s th a t h e  is su r ro u n d e d  by th ings 
th a t w ere m ad e  in th e  past, th in g s  th a t w ere o f te n  m ad e  u n d e r  substan tia lly  
d if fe re n t c ircu m stan ces. In  a sense , th e re fo re ,  su rv iv in g  tech no logy  b rings 
to  th e  p re se n t th e  c h a ra c te r  o f  th e  past, a past th a t im p o sed  its charac te ris tics  
on  th e  tech n o lo g y  w hen  it was first in v en ted , d ev e lo p ed , a n d  in tro d u c e d  
in to  use. T h e  tech n o lo g y  o f  e lec tric  p o w er system s th a t was in tro d u c e d  
d u r in g  W orld  W ar I n o t o n ly  cau sed  p e r tu rb a tio n s  in tre n d s  b u t a lso ca rr ied  
in to  p eace tim e c e rta in  aspec ts  o f  th e  w artim e en v iro n m e n t. T h e  ex trem ely  
la rg e  elec tric  g e n e ra tin g  sta tio n s th a t w ere built to  fill th e  p re ssin g  an d  
u n u su a l n eed s  fo r  e lec tric  p o w er d u r in g  W orld  W ar 1 su rv ived  th e  w ar 
a n d  becam e, in a sense, a so lu tio n  in sea rch  o f  a p ro b lem . A n o th e r , less 
obv ious case is th e  la rge  n u m b e r  o f  in te rc o n n e c tio n s  o f  e lec tric  ligh t a n d  
p o w er system s th a t w ere m ad e  d u r in g  th e  e m erg en c ie s  o f  w artim e a n d  
ca rr ie d  o v e r in to  peace tim e.

T h is  c h a p te r  c o n sid e rs  how  w ar b ro u g h t th e  g o v e rn m e n ts  o f  G e rm an y  
a n d  th e  U n ited  S tates to  fu n d  th e  d ev e lo p m e n t o f  po w er p lan ts  o f  u n 
p re c e d e n te d  size. T h e  r e a d e r ’s a tte n tio n  is a lso d ire c te d  to  th e  se ries  of 
w a rtim e  in te rc o n n e c tio n s  in G rea t B rita in  a n d  th e  U n ited  S la tes  th a t re 
su lted  fro m  th e  u n u su a l, even  rad ica l, d e m a n d s  th a t w ere  m a d e  o n  fo rm erly  
re lu c ta n t u tilities by c en tra l g o v e rn m e n ts  co n c e rn e d  a b o u t surv ival. A fte r 
n o tin g  th e  c re a tio n  o f  w artim e  a rtifac ts , th is c h a p te r  fu r th e r  observes the 
e ffo r ts  m a d e  by th e  th re e  g o v e rn m e n ts  to  m a in ta in  in peace tim e  th e  m o
m e n tu m  o f  th e ir  w artim e  p lan n in g  a n d  n u r tu r in g  o f  te chno logy . T h e  e f
fo rts  fa iled  in th e  th re e  cases c o n s id e re d  h e re . T h e  reason  fo r  th e  fa ilu re  
was in p a r t  a co n serv a tiv e  reac tio n  c o m p a ra b le  to  th a t w hich is o ften  e n 
co u n te re d  in th e  political rea lm  a f te r  rad ica l c h an g es  have  b een  in tro d u c e d . 
O n ce  th e  d is ru p tiv e  fo rce— in th is case, w ar— is rem o v ed , th e  p re w a r  c o n 
tex t ag a in  prevails. T h e re  w ere o th e r  causes, how ever, a n d  th ey  d iffe re d  
fro m  c o u n try  to  co u n try .

T h e  fact th a t th e  ex igenc ies  o f  w ar cau sed  th e  acce le ra ted  d ev e lo p m en t 
o f  ce rta in  te chno log ica l cha rac te ris tic s— in th is in stance , la rg e  size a n d  in 
te rc o n n e c tio n — show s aga in  th a t th e  ra te  a n d  d ire c tio n  o f  technological 
ch an g e  can  be sh a p e d  by no n tech n o lo g ica l factors. In o th e r  w ords, te ch 
nology  is n o t necessarily  a sim p le  e x tra p o la tio n  o f  its past, o r  a w ork ing  
o u t o l in h e re n t te ch no log ica l im p lica tions. The cases c o n s id e re d  suggest 
th a t w ar d id  n o t so m u ch  s tim u la te  th e  inv en tio n  a n d  d ev e lo p m en t o f  new 
tech n o lo g ies  as c lea r  aw ay th e  po litical, e conom ic , a n d  o th e r  n o n lech n o - 
logical fac to rs th a t p re v e n te d  o r  r e ta rd e d  th e  u tiliza tion  o f  ex is ting  tech 
nologies. T h e  im p e ra tiv e s  o f  w ar d id  not rev e rse  th e  d ire c tio n  o f  te c h n o 
logical ev o lu tio n  n o r  d id  they  cause  m u ta tio n s ; ra th e r ,  th ey  b ro k e  a 
conserva tive  c rust th a t had  re s tra in e d  a d ju s tm e n ts  in co u rse  a n d  velocity. 
T h e  w artim e h is to ry  o f  e lec tric  p o w er su p p ly  suggests th a t a society u n d e r  
th e  in flu en ce  o f  even  m o re  p re ssin g  d e m a n d s— a m o ra l eq u iv a len t o f  w ar— 
cou ld  a lte r  th e  sh a p e  o f  tech n o lo g y  even  m o re  drastically .

In  th e  U n ited  S ta tes an  o u ts ta n d in g  in stance  o f  a m am m o th  a r tifac t built 
u n d e r  th e  e m erg en cy  c ircu m stan ces o f  w ar, a n d  s ta n d in g  like a la rg e  w hite 
e le p h a n t at w a r’s en d , was th e  n itra te -fix a tio n  p la n t a n d  its partia lly  com 
p le ted  hy d ro e lec tric  p ow er s ta tion  a n d  d am  located  on  th e  T ennessee R iver
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a t M uscle Shoals, A la b a m a .1 T h e  la rg e  d e m a n d  fo r  n itra te s  u sed  in fe rtilize r 
a n d  explosives, c o u p le d  w ith A m erica ’s ten u o u s  d e p e n d e n c e  u p o n  C h ile 's  
n itra te  m on o p o ly , p e rsu a d e d  th e  U.S. C o n g ress— even  b e fo re  th e  co u n try  
e n te re d  W orld  W ar I— to  in c lu d e  in th e  N ationa l D efense  Act o f  1916 
p ro v is io n  fo r  th e  c o n s tru c tio n , w ith in  th e  U n ited  S tates, o f  facilities cap ab le  
o f  f ix ing  a tm o sp h e ric  n itro g e n . A lready  in G erm an y , severa l n itro g e n -  
fixa lion  processes  h a d  b een  d ev e lo p e d , in c lu d in g  th e  h ig h -p re s su re  a n d  
h ig h -tem p era lu re  H aber-B osch  process.2 Such a p lan t was built in th e  U nited  
S tates a t S h e ffie ld , A labam a, bu t th e  g o v e rn m e n t, d o u b tfu l o f  th e  ability  
o f  A m erican  e n g in e e rs  a n d  scien tists to  h a n d le  th e  H ab e r-B o sch  p rocess, 
also c o n tra c te d  w ith th e  A m erican  C y an am id  C o m p an y  fo r  th e  c o n s tru c tio n  
o f  a cyanam ide-processing  p lan t. In  com parison  to  the  H aber-B osch  m ethod , 
th e  c y an am id e  p rocess  c o n su m e d  la rg e  am o u n ts  o f  en e rg y ; th u s  th e  p lan  
was to  b u ild  th e  M uscle S hoals h y d ro e lec tric  s ta tio n  a n d  d a m  a n d  use its 
ch e a p  p o w er to  su p p ly  th e  c y an am id e  p lan t.

T h e  M uscle Shoa ls n itra te  facility was co m p le ted  ju s t  b e fo re  th e  w ar 
e n d e d  in  N o v e m b e r 1918. C lose to  $7 0  m illion  h ad  b een  invested  in it, bu t 
no  n itra te s  f ro m  it h a d  b een  u sed  d u r in g  th e  w ar. A tran sm issio n  line  h ad  
been  e re c te d  to  b r in g  p o w er fro m  a steam  p o w er s ta tion  because  th e  d am  
a n d  h y d ro e lec tric  p o w er s ta tio n  w ere n o t yet co m p le ted . T h e  g o v e rn m e n t 
c o n tin u e d  co n s tru c tio n  o f  th e se  u n til 1925, by w hich lim e  an  a d d itio n a l 
$45 m illion  h a d  b een  in v es ted .3 G o v e rn m e n t fin an c in g  p ro v id e d  th e  cap ita l 
in v estm en t o f  m o re  th a n  $ 1 0 0  m illion  in th e  n itra te  p lan t a n d  hyd ro e lec tric  
facility, fo r  p riv a te  cap ita l was re lu c ta n t to  invest th e  la rg e  su m s d e m a n d e d  
by th e  h ig h  first cost b u t re la tively  low o p e ra tin g  cost h y d ro e lec tric  p lan ts .4 
As th e  values a n d  im p e ra tiv e s  o f  w artim e fad ed , M uscle S hoals sto o d  like 
a n  o rg an ism  th a t h a d  passed  in to  a fo re ig n — even hostile— e n v iro n m e n t.

W artim e  d e m a n d s  fo r  e n e rg y  fo rced  th e  G erm an s  to  b u ild  g ian t p ow er 
p lan ts  as well. W hile  th e  U n ited  S tates took  a leap  fo rw ard  in th e  d ev e l
o p m e n t o f  h y d ro e le c tr ic  po w er, G e rm a n y  acce le ra ted  th e  d e v e lo p m e n t o f  
e lec tric  p o w er p lan ts  fu e led  by b row n  coal, o r  lign ite . In  bo th  cases th e  
e n e rg y  so u rce  was a b u n d a n t a n d  ch eap , a n d  th e  p lan ts  th a t w ere bu ilt to  
u tilize  it w e re  large-sca le  a n d  cap ita l-in tensive . B ecause o f  th e  em erg en cy

1 For a general study o f (he Muscle Shoals nilraie plant and power station and the postwar 
controversy they stimulated, see Preston J. H ubbard, Origins of the TV A : The Muscle Shoals 
Controversy, 1920-1932 (New York: Norton, 1961). On the response to the emergency dem and 
for n itrates in the United States, see U.S., War Department. O rdnance Office, N itrate Division. 
Report on the Fixation and Utilization of Nitrogen, War D epartment Report no. 204 I (Washington, 
D C.: GPO, 1922).

* For a description o f nitrogen-fixation processes, especially the Habcr-Bosch method, see 
J. R. Partington and L. I I. Parker, The Nitrogen Industry (New York: Van Nostrand, 1928).

’ H ubbard, Muscle Shoals, p. 7; the government invested $68 million in the nitrate plant. 
In History o f the Georgia Power Company, 1835-1956 (Atlanta: Georgia River Co., 1957), p. 274, 
Wade H. Wright states that the hydroelectric power station at Muscle Shoals was completed 
in 1925 with 184,000 kw. installed at a cost o f $45.6 million.

* During the war, the private utilities complained of difficulty in raising funds for expansion. 
T he Philadelphia Electric Co., a large utility that was extremely hard-pressed by wartime 
dem ands arising from shipbuilding on the Delaware River and from munitions plants, was 
not able to raise the $25 million it needed to construct the "Delaware Station," which was 
sorely needed to meet anticipated dem and in 1918-19. See Nicholas B. W ainwright, History 
of the Philadelphia Electric Company, 1881-1961 (Philadelphia: Philadelphia Electric Co., 1961). 
pp. 137-40.
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n a tu re  o f  w artim e , c e n tra l g o v e rn m e n ts  p ro v id ed  th e  necessary  cap ita l. 
T h e  p a r tic u la r  im p e ra tiv e s  o f  w ar acce le ra ted  econom ies o f  scale a n d  the 
use o f  cap ita l-in ten siv e  tech n o lo g y , th e re b y  c re a tin g  a w artim e style o f 
te chno logy . T w o  g ia n t G e rm a n  p lan ts  sp aw n ed  by th e  w ar w ere  K napsack  
( la te r re n a m e d  G o ld e n b e rg )  a n d  G o lpa-Z scho rnew itz . T h e  fo rm e r , located 
in th e  la rg e  brow n-coa l fie lds n e a r  C o lo g n e , becam e a p a r t  o f  th e  R hein isch- 
W estfalisches E lek triz ita lsw erk  system  th a t su p p lie d  heavy  in d u s try  in the 
R u h r  valley. G o lpa-Z schornew itz , like M uscle Shoals, was c o n s tru c te d  in 
re sp o n se  to  a critical w a rtim e  s h o rta g e  o f  n itro g e n .

Som e e x p e r ts  p re d ic te d  th a t th e  sh o rta g e  w ould  p ara ly ze  G erm an y 's  
a rm ies  a n d  s ta rv e  h e r  p e o p le  soon  a f te r  th e  w ar b eg an . T h e  w o rld ’s largest 
im p o r te r  o f  n itro g e n  c o m p o u n d s  b e fo re  th e  w ar, G e rm a n y  h a d  d e p e n d e d  
especially  o n  C h ile ’s n a tu ra l coasta l dep o sits . T h e  c o u n try ’s o th e r  m ajor 
so u rce  o f  n itro g e n  was a b y -p ro d u c t o f  h e r  ow n coke a n d  gas p ro d u c tio n . 
A fte r  th e  B ritish  navy cu t G e rm a n y ’s su p p ly  lines, th e  G e rm a n  p e o p le  faced 
d ire  sh o rta g e s  o f  exp losives a n d  ag ric u ltu ra l  fe rtiliz e r, b o th  o f  w hich re 
q u ire d  n itro g e n . T h e y  h ad  to  rely  o n  s to re d  n itro g e n  c o m p o u n d s  un til new 
p ro cesses  fo r th e ir  p ro d u c tio n  co u ld  be d e v e lo p e d  w ith in  th e  co u n try . 
T h e s e  p ro cesses  re q u ire d  u n u su a lly  la rg e  a m o u n ts  o f  elec trica l e n e rg y .5 A 
m a jo r  re sp o n se  to  th is  critical p ro b lem  was th e  G o lp a-Z sch o rn ew itz  pow er 
s ta tio n .

T h e  h is to ry  o f  th e  G o lpa-Z schornew itz  s ta tio n  d a te s  back  to  1915, w hen 
G e rm a n y ’s s to re d  n itro g e n  su p p lie s  n e a re d  e x h a u s tio n  a n d  th e  n itro g en  
d e riv ab le  as a b y -p ro d u c t f ro m  th e  m a n u fa c tu re  o f  coke  a n d  gas f ro m  coal 
co u ld  n o t m a tch  d e m a n d . T h e  s itu a tio n  was a llev ia ted  on ly  as th e  G erm ans 
b ro u g h t in to  o p e ra tio n  th e  new  p lan ts  fo r  fix in g  in c o m p o u n d s  th e  n itro g en  
o f  th e  a tm o sp h e re . A fte r  th e  g o v e rn m e n t fo u n d  th a t p r iv a te  com pan ies 
w ere  n o t w illing to  bu ild  p lan ts  o f  su ffic ien t capacity  un less  th e  g o v e rn m en t 
g u a ra n te e d  a lo n g -te rm  m ark e t,  it d e c id e d  to  f in an ce  th e  b u ild in g  o f  its 
ow n n itro g e n  p lan ts  a n d  to  tu rn  o v e r  to  p r iv a te  in d u s try  th e  o p e ra tio n  of 
th e  p lan ts . O n e  o f  th e  la rgest o f  th e se , P iesleritz , was s itu a ted  in th e  brow n- 
coal fie lds ab o u t 80 m iles so u th eas t o f  B e rlin .6

P ieste rilz  re q u ire d  a g ian t p o w er s ta tio n . Early  in 1915 th e  Reich, or 
cen tra l,  g o v e rn m e n t p e rsu a d e d  th e  B ra u n k o h le n w e rk e  G o lpa-Jessn itz  AG, 
o w n e r  o f  th e  brow n-coa l fields a n d  a su b sid ia ry  o f  th e  A llg em ein e  Elek- 
triz ila ts-G cse llschafi, to  bu ild  th e  G o lpa-Z schornew itz  s ta tio n  (Fig. X I.I) . 
T h e  g o v e rn m e n t co n tra c te d  to  buy  elec tric  p o w er fo r th e  n itro g e n  p lan t 
f ro m  th e  s ta tio n . U n d e r  th e  d ire c tio n  o f  G e o rg  K lin g en b e rg , th e  in te r
n a tiona lly  know n  h ead  o f  e lec tric  p o w er p lan t d esig n  a t A EG , th e  sta tion  
was c o m p le ted  in th e  rem ark ab ly  sh o r t  p e r io d  o f  n in e  m o n th s . T h e  design  
was fo r 180,000  kw., a n d  th e  s ta tio n  w ent in to  o p e ra tio n  in J a n u a ry  1916 
w ith 128,000 kw. in sta lled . B ra u n k o h le n w e rk e  fo rm e d  a new  com pany , 
E lek lro w erk e  A k tien g ese llsch aft (EW A G ), to  ow n a n d  m an ag e  th e  G olpa- 
Z schornew itz  s ta tio n . T h e  s ta tion  soon  d ev e lo p ed  techno log ica l a n d  eco
nom ic p ro b lem s, how ever, a n d  th ese  w ere  in ten sified  because  th e  gu a r-

* Thom as P. H ughes, ‘T echnological M omentum in History: Hydrogenation in Germany. 
1898-1933," Past and Present, no. 44 (August 1969), pp. 106-32.

"G eorg Boll, Enlstehung und Enluncklung des Verbundbelriebs in del deutschen Elektrizilatswirt- 
schaft bis turn europdisehen Verhund (Frankfort on the Main: VWEW. 1969), pp. 27-29.
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Figure XI.1. Golpa-Zsehomrwitz power 
station at the mine mouth. From Electrical 

World 75 (1920): 602.

an te e d  p rice  o f  c u r r e n t  fo r  P ieste ritz  was too low. In  May 1917 th e  situ a tio n  
b ecam e m o re  tro u b le so m e  w hen  a n e ig h b o rin g  p lan t ex p lo d e d  a n d  d a m 
ag ed  th e  G o lp a-Z sch o rn ew itz  s ta tio n . F or a w hile th e  e n e rg y  d e m a n d s  o f 
th e  n itro g e n  p la n t a t P ieste ritz  co u ld  n o t be m et. T h e  se ries o f  p ro b lem s 
led to  n eg o tia tio n s  fo r  th e  g o v e rn m e n t to  p u rch ase  th e  E lec trow erke  co m 
pany  a n d  its p o w er s ta tio n . T h e  R eichstag  ag re e d  a n d  on  1 O c to b e r  1917 
th e  R eich g o v e rn m e n t took  o v e r o p e ra tio n  o f  th e  s ta tio n .7

S u p p ly in g  th e  n e e d s  o f  P iesteritz , bu t faced  with an  excess capacity  a f te r  
th e  ex p losion  o f  th e  n e ig h b o rin g  p la n t (w hich h ad  also been  a c o n su m er), 
E lek tro w erk e , now  R eich -ow ned , b egan  in 1918 to  co n s tru c t a 110,000-volt 
tran sm issio n  line to  B erlin , w h e re  th e  city g o v e rn m e n t h ad  recen tly  ac
q u ire d  BEW . T h e  e s tab lish m en t o f  h igh -vo ltage  tran sm issio n  to  ab so rb  th e  
excess capacity  o f  th e  G o lpa-Z schornew itz  s ta tion  h e ra ld e d  th e  d e v e lo p 
m e n t o f  a p eace tim e  tran sm issio n  system  c e n te re d  on  th e  g ian t a r tifac t th e  
w ar h ad  sp aw n ed .

G ian t p o w er p lan ts  w ere  bu ilt to  m eet th e  increased  w artim e d e m a n d  
fo r  e lectric ity  in G e rm a n y  a n d  th e  U n ited  S tates. In te rco n n ec tio n  was a n 
o th e r  m ean s u sed  by th e  be llig e ren ts  to  ra ise o u tp u t;  it was a way to  increase  
su p p ly  w ith o u t b u ild in g  new  p lan ts. In  B rita in , w here  th e re  was a sh o rta g e  
o f  b u ild in g  m ateria ls , in te rco n n ec tio n  seem ed  especially  a ttrac tive . W hen  
B rita in  e n te re d  th e  w ar, h e r  e lectric  su p p ly  in d u s try  was sh ap ed  by th e  
political p o w er o f  local g o v e rn m en ts . T h e  s itua tion  was r ip e  fo r in te rc o n 
nec tion . W artim e  soon  b ro u g h t sh o rtag es  o f  labo r, coal, a n d  e lectric ity  (the  
las t-n am ed  cau sed , in p a rt, by th e  o th e r  two). A sh o rtag e  in th e  su p p ly  o f  
e lec tric  m a ch in e ry  also d ev e lo p ed  as th e  electrical m a n u fa c tu re rs  tu rn e d  
to  m o re  p ro fitab le  m u n itio n s  con trac ts . T h e  g o v e rn m en t p ro v id ed  exem p-

7 Ibid., p. 28.
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lions fo r  w o rk e rs  in th e  e lec tric  su p p ly  in d u s try , b u t sh o rtag es  o f  coal and  
m a ch in e ry  c re a te d  critical p ro b le m s because  th e  g ro w th  a n d  m o d e rn iza tio n  
o f  th e  a rm a m e n ts , o r  m u n itio n s , in d u s try  d e p e n d e d  u p o n  inc reased  elec
trific a tio n  o f  th e  m ean s  o f  p ro d u c tio n . E n g in ee rs  a n d  m a n a g e rs  fro m  var
ious fields o f  in d u s try  w ere  b ro u g h t in to  th e  d e p a r tm e n ts  a n d  com m ittees  
c re a te d  by th e  w artim e  cab in e t, a n d  th ese  m en  te n d e d  to  see th e  answ er 
to  th e  p ro b lem  in f u r th e r  e lec trific a tio n , especially  in econom ies o f  scale, 
a n d  in co o rd in a tio n  a n d  sy s tem atiza tion  th ro u g h  in te rc o n n e c tio n .8 T h e  
N ew castle  u p o n  T y n e  E lectric  S u p p ly  C o m p an y  (N E SC O ) s tood  as a m odel 
fo r th e m  in B ritish  e lec tric ity  su p p ly .

Severa l o f  th e  co m m ittee s  a n d  d e p a r tm e n ts  th a t w ere  e s tab lished  d u rin g  
th e  w ar h a d  p a r tic u la r  re sp o n sib ilities  fo r e lectric ity  su p p ly  a n d  m ach in ery  
m a n u fa c tu re . B e fo re  1917 th e se  co m m ittee s  c o n c e n tra te d  on  sh o rt- te rm  
re sp o n ses  to  sh o rta g e s ; a f te r  1917 they  d e a lt  w ith  te ch no log ica l changes 
th a t re s p o n d e d  n o t on ly  to  im m ed ia te  w artim e  n e e d s  b u t a lso to  an tic ip a ted  
p eace tim e  in d u s tr ia l  need s. C h a rle s  M erz a n d  his p a r tn e r ,  W illiam  Mc
L ellan , w e re  a sk ed  by th e  g o v e rn m e n t to  se rve  in these  d e p a r tm e n ts  an d  
c o m m ittee s  becau se  o f  th e ir  re m a rk a b le  success in  c re a tin g  b e fo re  th e  w ar 
a n  e x c e p tio n  to  th e  B ritish  ru le , a la rg e  reg io n a l p o w e r system  (see p. 446 
below ). M cL ellan  becam e th e  ad v iso r o n  p o w e r su p p ly  to  th e  d ire c to r  of 
p ro d u c tio n  in th e  M inistry  o f  M u n itio n s c re a te d  by P rim e  M in is te r Lloyd 
G e o rg e  in  M ay 1915. T h e  im p o rta n c e  o f  p o w er su p p ly  was fu r th e r  rec
o g n ized  by th e  estab lish m en t o f  a D e p a r tm e n t o f  E lectric  P ow er S u p p ly  in 
J u n e  1916 w ith M cLellan as h ead . M erz becam e  a m e m b e r  o f  th e  Coal 
C o n se rv a tio n  S u b  C o m m ittee  o f  th e  cab in e t’s R e co n s tru c tio n  C o m m ittee . 
T h is  su b co m m ittee  was h e a d e d  by L o rd  H a ld a n e , w ho a d m ire d  th e  in 
d u s tr ia l o rg a n iz a tio n  a n d  effic iency  o f  th e  G e rm an s . L o rd  H a ld a n e  d e le 
g a te d  m ost o f  th e  c o m m itte e ’s w ork  to  M erz, a n d  an  in te r im  r e p o r t  on 
e lec tric  p o w er su p p ly  was p re se n te d  in A pril 1917. M erz, w ho h ad  been  
u n a b le  to  reo rg a n iz e  L o n d o n ’s su p p ly  in 190 5 -6 , now  a p p lie d  his concep ts  
to  re o rg a n iz in g  th e  su p p ly  n e tw o rk  o f  th e  e n tire  co u n try .

As an  a d v iso r on  p o w er su p p ly , M cLellan ad v o ca ted  in te rc o n n e c tio n . H e 
knew  th a t in te rc o n n e c tin g  pa ro ch ia l utilities w ou ld  in crease  th e  diversity  
o f  load  a n d  th e  load  fac to r, th e re b y  b r in g in g  a fu lle r use  o f  ex is tin g  capacity . 
H e  a n d  his associates h ad  to  c o n te n d , how ever, w ith th e  d eep ly  e n tre n c h e d  
sp ir it o f  c o m p e titio n , even  hostility , th a t p rev a iled  b e tw een  th e  m unicipally  
ow n ed  u tilities a n d  th e  p riv a te  o nes. Ideo log ica l ten sio n s w ere  c o m p o u n d e d  
by th e  b ew ild e r in g  varie ty  o f  su p p ly  system s, vo ltages, a n d  freq u en c ie s  in 
B rita in , a varie ty  th a t m ad e  in te rc o n n e c tio n  a m u ch  m o re  d ifficu lt task 
th a n  it was in th e  U n ited  S tates. N ev erth e less , s p u r r e d  o n  by w artim e 
ex igenc ies, th e  B ritish  g o v e rn m e n t a n d  its adv iso rs  e ffec ted  lim ited  a g re e 
m en ts  am o n g  com p e titiv e  utilities a n d  fin an ced  in te rc o n n e c tio n . At the  
u r B 'n 8 M erz, th e  B o a rd  o f T r a d e ,  w hich h ad  ju r isd ic tio n  o v e r th e  British 
elec tric  su p p ly  in d u s try , in May 1916 p ro m ised  p rio ritv  in th e  a llocation  
o l lah o r a n d  m a te ria ls  to  u tilities th a t w ou ld  in te rc o n n e c t. In  S ep tem b er 
1916 two lead in g  t ra d e  associations, th e  In c o rp o ra te d  M un ic ipa l E lectrical 
A ssociation  a n d  th e  In c o rp o ra te d  A ssociation  o f  E lectric P ow er C o m p an ies ,

* Leslie H annah. Electricity Before Nnlumaliuitinii (Baltimore: T he lohns H opkins University 
Press, 1979), pp. 53-57. 1
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t ra n sc e n d e d  th e ir  d if fe re n c e s  su ffic ien tly  to  issue a jo in t  re c o m m e n d a tio n  
fo r  th e  e s ta b lish m e n t o f  liaison g ro u p s  to  discuss in te rc o n n e c tio n . The 
In s ti tu tio n  o f  E lectrical E n g in e e rs  a lso o rg a n iz e d  d iscussions o f  th e  in te r 
co n n e c tio n  a n d  reo rg a n iz a tio n  o f  E n g la n d ’s e lec tric  su p p ly  system . T he 
im p era tiv es  o f  w ar s tim u la te d  a rad ica l c h an g e  in a tt i tu d e s  a n d  actions. 
T a n g ib le  re su lts  w ere  n o t as im pressive  as g ian t p o w er p lan ts  o f  th e  U n ited  
S tates a n d  G e rm a n y , b u t th e  c h a n g e  th a t was b ro u g h t a b o u t in th e  d irec tio n  
o f  d e v e lo p m e n t was a m o re  H e rc u le a n  ach iev em en t.

W illiam  M cLellan a n d  A rn o ld  G rid ley , a lso a co n su ltin g  e n g in e e r  a n d  
M cL ellan 's successo r in  th e  D e p a rtm e n t o f  E lectric  P ow er S u p p ly , co m p le 
m e n te d  in te rc o n n e c tio n  by a r ra n g in g  fo r in d u s tr ia l c o n su m e rs  to  take  e lec
tric ity  f ro m  u tility  system s r a th e r  th an  use ineffic ien t, iso la ted  p lan ts  o r  
e x p a n d  iso la ied -p lan l capacity . T h is  policy re su lte d  in an  in crease  in th e  
capac ity  o f  th e  m ost e ffic ien t u tility  p o w er p lan ts  a n d  in eco n o m ies o f  scale. 
M cLellan a n d  his s ta f f  w ere d isa p p o in te d  by th e  u nw illingness  o f  th e  go v 
e rn m e n t  to  insist m o re  o f ten  o n  ex p an s io n  with po stw ar re o rg a n iz a tio n  o f  
th e  n a tio n ’s p o w er su p p ly  in view .9 H ow ever, e x p a n s io n  o f  th e  m o re  e f 
fic ien t p lan ts  in in d u s tr ia l  a re a s  a n d  th e  in te rc o n n e c tio n  o f  p lan ts  d id  save 
coal a n d  a llow ed th e  su p p ly  in d u s try  to  in crease  o u tp u t  a t a b o u t th e  sam e 
ra te  as d u r in g  th e  p re w a r years. T h e  c h a r ts  o f  th ese  sta tistics concea led  
no tab le  c h a n g e s  b e n e a th  th e ir  sm o o th  cu rves, how ever. A g g reg a te  sales in 
th e  U n ited  K in g d o m  rose  fro m  2 ,100  gw h. (g igaw att h o u rs )  in 1914 to 
ab o u t 4 ,000  gw h. by 1918, b u t th e  L o n d o n  in crease  was on ly  14 p e rcen t 
betw een  1914 a n d  1918. T h e  load  fac to rs  o f  g e n e ra tin g  sta tio n s in creased  
fro m  a n a tio n a l a v e rag e  o f  a ro u n d  23 p e rc e n t b e fo re  th e  w ar to  30  p e rcen t 
by 1918 .'°

In  th e  U n ite d  S tates, p o w er c o n su m p tio n  also c o n tin u e d  u p w a rd  in 1915 
as th e  c o u n try  looked  to  its d efen ses . A fte r  th e  U n ited  S tates e n te re d  th e  
w ar in  th e  sp r in g  o f  1917 a n d  b e fo re  th e  w a r’s e n d  in th e  fall o f  1918, 
m o re  th a n  tw o m illion  h o rse p o w e r was a d d e d  to  th e  e le c tric -g en e ra tin g  
capacity  o f  th e  c o u n try , an  increase  o f  10 p e rc e n t in less th a n  tw o years. 
E x p e rts  n ev e rth e le ss  p re d ic te d  th e re  w ould  be a d ire  sh o rta g e  o f  e lectrical 
p o w er in th e  w in te r o f  1 9 1 8 -1 9  if  th e  w ar co n tin u e d . Faced by th e  likelihood  
o f  a sh o rta g e , B e rn a rd  B a ru ch , h ead  o f  th e  W ar In d u s tr ie s  B o a rd  fo rm ed  
by P re s id e n t W ilson  in Ju ly  1917 to  m obilize th e  econom y, o rd e re d  a su rvey  
o f  th e  e lectrical g e n e ra tin g  facilities in th e  U n ited  S lates. In  o rd e r  to  d e 
te rm in e  capacity , effic iency , a n d  th e  e x ten t to  which th e  o u tp u t  was be in g  
used  by w a r-re la ted  in d u s trie s  a n d  services, a rm y  e n g in ee rs  a c tin g  fo r  th e  
b o a rd  e x a m in e d  p o w er s ta tio n s in th e  critical reg ions w h e re  w ar in d u s trie s  
w ere  co n c e n tra te d . T h e  su rvey  n o t on ly  allow ed th e  b o a rd  to  iden tify  a reas  
o f  s h o rta g e  a n d  excess, a n d  to  locale new  w ar co n trac ts  acco rd ing ly , b u t it 
also rev ea led — a n d  th is p ro v ed  im p o rta n t fo r  th e  lo n g -ran g e  d ev e lo p m en t 
o f  th e  electrical p o w er in d u s try — th e  possibility o f  u sin g  ex is ting  p ow er 
facilities m o re  effectively  by in te rco n n ec tin g  po w er s ta tions a n d  u tilities 
th a t h ad  co m p le m e n ta ry  load a n d  d iversity  fac to rs .11

ln Ibid., pp. 59 and 01.
"  Bernard Baruch, American Industry in VVnr: A Report of the War Industries Board (March 

1921) (Englewood ClifTs, N.J.: Prenlicc-Hall, 1941), pp. 298-99: U.S., Congress, House, 
Emergency Power Bill, 65th Cong., 2d sess., 1918, I I. Kepi. 795.
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S triv in g  to  m ee t th e  a n tic ip a te d  p o w er sh o rta g e  o f  th e  w in te r o f  1918— 
19, th e  W ar In d u s tr ie s  B o a rd  a n d  o th e r  g o v e rn m e n t agenc ies, local and  
fed e ra l,  s t im u la te d — ev en  o rd e re d — in te rco n n ec tio n s  o f  p riv a te  u tility  sys
tem s in o rd e r  to  ra ise  th e  load  fa c to r .12 P rivately  ow n ed  utilities h a d  been  
in fre q u e n tly  in te rc o n n e c te d  in th e  U n ited  S lates b e fo re  W orld  W ar I, d e 
sp ite  th e  p rac tica lity  o f  h ig h  vo llages fo r tran sm issio n  o f  p o w er betw een  
la rg e -a rea  u tilitie s .13 As Electrical W orld  o b se rv ed  d u r in g  th e  w ar, "T h e  
in cen tive  fo r  in te rc o n n e c tin g  e lec tric  serv ice system s has b een  ab sen t w here 
each  in d iv id u a l c o m p a n y  has b een  ab le  to  m ee t its local re q u ire m e n ts  and  
a t th e  sam e tim e  m a in ta in  a s o u n d  financ ia l c o n d itio n . 4 W ar c h a n g e d  the  
local re q u ire m e n ts ;  th e  u tilities w ere  no  lo n g e r  ab le  to  m ee t th em ; a n d  the  
“in cen tive"— at least a m o n g  th o se  in g o v e rn m e n t a n d  in d u s try  w ho w ere 
aw are  o f  th e  im p e n d in g  critical sh o rta g e s— e m e rg e d . B ecause  u tilities w ere 
re g u la te d  by com m issions in each  o f  th e  s ta tes  a n d  b ecau se  reg u la to ry  
co n d itio n s  v a ried  fro m  sla te  to  s ta le , th e  ac tio n s th a t w ere  n e e d e d  to  stim 
u la te  o r  o rd e r  th e  in te rc o n n e c tio n  o f  u tilities in 1 9 1 7 -1 8  v aried . O n e  m ajo r 
in te rc o n n e c tio n  in o n e  s ta le  suggests  th e  g e n e ra l c h a ra c te r  o f  th e  w artim e 
e n d e a v o r  in th e  U n ited  S tates.

In te rc o n n e c tio n  in  M assachuse tts  involved  th e  Salem  E lectric  L igh ting  
C o m p an y , th e  M alden  E lectric  C o m p an y , a n d  th e  R evere  S u b u rb a n  Gas 
8c E lectric  C o m p an y . T h e  dec ision  to  in te rc o n n e c t th e se  th re e  co m pan ies  
re su lte d  fro m  th e ir  c o m p le m e n ta ry  load  a n d  d iv ers ity  fac to rs  a n d  illu strates 
how  th ese  fac to rs  w ere  tak en  in to  acco u n t. T h e  th re e  c o m p an ie s  se rved  
d is tric ts  to  th e  n o r th  o f  B oston . T h e  Salem  a n d  M alden  co m p an ie s  c a rried  
an  industria l, com m ercial, an d  dom estic load, while R evere’s load was greatly 
in f lu e n c e d  by th e  s ea sh o re  re so rt  d is tric t it se rv ed . Each  co m p an y  had  
sa lien t charac te ris tic s : Salem  h ad  an  excess o f  g e n e ra to r  capac ity ; M a ld en ’s 
g e n e ra to r  capac ity  was s ligh tly  below  th e  m ax im u m  load  it c o u ld  an tic ip a te ; 
a n d  R evere , th e  re so rt d is tric t, e x p e rie n c e d  its m a x im u m  load  at 8 :0 0  p .m . 
o n  su m m e r  e v en in g s  (th e  o th e r  tw o sta tio n s c a rr ie d  m a x im u m  loads d u r in g  
th e  w in te r m o n th s  a t ab o u t 5 :00  p .m ., w hen  fac to ries  a n d  b usinesses w ere 
still o p e n  a n d  h o m es  w ere lig h ted  fo r th e  ev en in g ). In te rc o n n e c tio n  m ean t 
th a t Salem  co u ld  sh a re  its excess capacity  w ith M alden  a n d  th a t R evere, 
because  o f  its d iv e rse  c h a ra c te r , co u ld  su p p ly  p o w er to  th e  o th e r  tw o d u r in g  
w in te r p eaks a n d  d raw  p o w er fro m  th e m  d u r in g  th e  su m m e r  evenings. 
N o t on ly  d id  th e  in te rc o n n e c tio n  re su lt in in c rea sed  p o w er w h e re  a n d  w hen 
n e e d e d , b u t it ra ised  th e  load  fac to r fo r  each  c o m p a n y .15

Follow ing  th e  w ar, th e  tech n o lo g y  o f  in te rc o n n e c tio n  was u sed  a p p ro 
p ria te ly ; in te rc o n n e c tio n s  w ere u sed  o r  n o t, as c ircu m stan ces req u ired . 
C o m p a re d  to  th e  fin an c in g  o f  th e  w artim e  g ian t-p o w er p lan ts , th e  cap ita l 
in v es tm en t in in te rc o n n e c tio n  was sm all. By c o n tra s t,  th e  c e n tra l g o v e rn 
m en ts  in th e  U n ited  S tates a n d  G erm an y  faced  a se rio u s p ro b lem  in de-

'* Mouse, Emergency Power Bill, pp. 2 -3 , 6-9.
Editorializing about in lcm m nen ion , the Electrical World wrote: "War accelerates nego

tiations between interests which in peacetime might work Tor years with little o r no physical 
co-ordination. " Electrical World 71 (1918): 1246.

"•‘■Interconnection a Itoon to New England Plants," ibid. 70 (1917): 422. I am indebted 
to Thom as Guidcr o f the University o f Delaware for calling my attention to this and other 
references cited on wartime interconnections in Massachusetts.

'* Ibid., pp. 422-24.
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Figure X I.2. Interconnections raising 
load factor in Massachusetts. From 

Electrical World 71 (1918): 1192.

te rm in in g  th e  fu tu re  o f  th e  g ian t p o w er p lan ts. T h e y  w ere, in  p eace tim e, 
exotic  a r tifac ts  b ecau se  o f  th e ir  la rg e  size, g o v e rn m e n t fin an c in g , a n d  d e 
p e n d e n c e  u p o n  n ea rb y  m u n itio n s  p lan ts. F o r th e  U.S. g o v e rn m e n t th e  
p ro b lem  o f  M uscle Shoals was n early  unso lvable . T h e  N a tiona l D efense  
Act o f  1916, c o n tra ry  to  th e  tra d itio n a l A m erican  o p p o s itio n  to  g o v e rn m e n t 
ow nersh ip , unrealistically  prov ided  th a t a f te r  the  w ar the  gov e rn m en t should  
m a in ta in  o w n e rsh ip  o f  th e  p la n t, u sin g  M uscle Shoals to  m a n u fa c tu re  n i
tro g e n  fo r  exp losives  a n d  fe rtilize r. C ongress , how ever, d e fe a te d  th e  W ads- 
w o rlh -K ah n  Bill, w hich  w ou ld  have  m a in ta in e d  g o v e rn m e n t o w n ersh ip  by 
m ean s o f  a c o rp o ra tio n  w hose stock was en tire ly  ow n ed  by th e  g o v e rn m en t. 
T h e  new  ad m in is tra tio n  o f  P re s id e n t W arre n  H a rd in g  in  1921 asked  fo r 
o ffe rs  f ro m  p riv a te  so u rces  th a t w ould  g u a ra n te e  th e  g o v e rn m e n t a re tu rn  
o n  its in v estm en t. A s t ra ig h tfo rw a rd  a n d  su b stan tia l c o m m itm en t fro m  
p riv a te  e n te rp r is e  seem ed  unlikely , how ever, because  th e  to ta l in v estm en t 
was u n p re c e d e n te d ly  la rg e  fo r th e  electric  p o w er f ie ld .16 W ith  c o n tin u e d  
g o v e rn m e n t o p e ra tio n  d o u b tfu l a n d  p riv a te  in v estm en t im p ro b ab le , d r a 
m atically  re so u rc e fu l a n d  innova tive  re sp o n ses  w ere n e e d e d  to  solve th e  
p ro b lem  po sed  by M uscle Shoals.

O n  8 Ju ly  1921 H e n ry  F o rd  su b m itted  a bid fo r M uscle Shoals. In  r e t 
ro sp ec t th is c o m m itm e n t is u n d e rs ta n d a b le : F o rd  h ad  p ro v en  h im se lf an  
in d u s tria lis t o f  d ram atica lly  b ro a d  vision in th e  d ev e lo p m en t o f  his system  
fo r th e  m ass p ro d u c tio n  o f  au tom ob iles; th e  innovative c h a ra c te r  o f  th e  
m an  m a tch ed  th e  ex cep tio n a l n a tu re  o f  th e  p ro b lem . F u r th e rm o re , F ord  
was fasc ina ted  by o p p o rtu n itie s  to  o rg an ize  p ro d u c tio n  on  a m a m m o th

'* As of 1912, the largest-capacity hydroelectric power station in the United States was the 
112,500-kw. plant on the Mississippi River at Keokuk, Iowa; it was built at a cost o f about 
$25 million by the Mississippi River Power Co. U.S., D epartment o f Commerce, Bureau of 
the Census, Central Electric Light and Power Stations ami Street and Electric Hailways, with Summary 
of the Electrical Industries. 1912 (Washington. D.C.; GPO. 1915). p. 123 and foldout facing p. 
132.
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scale, a n d  M uscle Shoa ls p ro v id e d  h im  an  o p p o r tu n ity  to  p ro d u c e  pow er 
m assively. H is f inanc ia l o f fe r  was n o t re m ark ab ly  g e n e ro u s ; a m o n g  o th e r  
s tip u la tio n s  in il was th e  r ig h t to  lease th e  p o w er facilities fo r 100 years 
a n d  am o rtiz e  th e  g o v e rn m e n t’s in v estm en t by a m o d est an n u a l p ay m en t 
o f  $46 ,547 . T h is  p ay m en t, he  ca lcu la ted , w ould  p ro d u c e  th e  to tal sum  
d e s ire d  by th e  g o v e rn m e n t if  il was invested  at 4 p e rc e n t a n d  co m p o u n d e d  
sem ian n u a lly  fo r  100 years, a f te r  w hich  tim e o w n e rsh ip  w ould  pass to  h im .17

I f  F o rd ’s p lan  fo r  f in an c in g  was c lo sefisted , his vision o f  M uscle Shoals’s 
fu tu re  was ex p an siv e . F o rd  in d ica ted  n o t on ly  th a t he  ex p ec ted  to  use 
M uscle S hoals h y d ro e le c tr ic  p o w er to  su p p o r t an  in d u s tr ia l com plex  in the 
im m ed ia te  vicinity b u t th a t he  was also  th in k in g  in te rm s  o f  th e  reg iona l 
d e v e lo p m e n t o f  th e  T e n n e sse e  valley. H e a n d  his e n g in e e rs  w ere  well aw are 
th a t th e  recen tly  estab lish ed  p rac tica lity  o f  tran sm issio n  voltages as h igh  as
110,000— even  2 2 0 ,0 0 0 — volts m e a n t lh a l e lec tric  p o w er f ro m  an  a b u n d a n t 
so u rce  like M uscle S hoa ls cou ld  be tra n sm itte d  econom ically  th ro u g h o u t a 
re g io n .18 In  seek in g  s u p p o r t  fo r his o ffe r , F o rd , w ho d issoc ia ted  him self 
fro m  th e  fin an c ie rs  o f  W all S tree t a n d  id en tif ied  h im se lf as a p ro d u c tiv e  
in d u s tr ia lis t,  re lied  heavily  u p o n  th e  A m erican  fa ith  in techno log ica l gen ius  
an d  in d u s tr ia l  e n tr e p re n e u r s h ip ;  he  even  b ro u g h t in his f r ie n d  a n d  hero , 
th e  v en e ra b le  T h o m a s  E d ison , to  advise  h im .

F o rd 's  vision m a tch ed  th e  scale o f  M uscle S hoals, b u t his o f fe r  was fru s 
tr a te d  by a coa lition  th a t fo rm e d  ag a in st h im  in th e  H a rd in g  ad m in is tra tio n  
a n d  C o n g ress . N ev erth e less , by 1924 his o f fe r  h ad  s tim u la ted  w id esp read  
in te re s t  in th e  fu tu re  o f  M uscle Shoals, fo r  h e  h ad  a p p e a le d  to  th e  public, 
especially  in th e  S o u th , to  w hom  he  p ro m ise d  a new  p ro sp e rity  th ro u g h  
reg io n a l d e v e lo p m e n t. W ith  th e  w id esp read  in te re s t,  new  p o in ts  o f  view 
w ere fo rm u la te d , a n d  th e  issue b ecam e m o re  com plex . As P re sto n  J .  H u b 
b a rd  c o n c lu d e d  fro m  his s tu d y  o f  th e  M uscle S hoals p ro jec t, th e  p ro b lem  
o f  th e  u ltim a te  d isposa l o f  th is w a rtim e  ed ifice  becam e th e  co re  o f  a m ajo r 
co n tro v e rsy  in th e  p o w er figh t o f  th e  1920s invo lv ing  advoca tes  o f  p riva te  
e n te rp r is e , c o n te n d e rs  fo r pub lic  pow er, p ro p o n e n ts  o f  reg io n a l d ev e l
o p m e n t, a n d  fac tions w ith in  th e se  b ro a d  g ro u p s . Iy A w artim e  ex p ed ien t 
h ad  d e m o n s tra te d  a te chno log ica l po ten tia l a n d  rev ea led  th e  in h e re n t po 
litical, econom ic , a n d  social p ro b lem s assoc ia ted  w ith il.

M ore  specifically , th e  p a rtie s  to  th e  c o n tro v e rsy  o v e r th e  F o rd  o ffe r, 
w hose positions w ere  backed  by co n g re ssm en  a n d  a d m in is tra tio n  officials, 
in c lu d ed  p r iva te ly  ow n ed  elec tric  u tilities (led by th e  A labam a P ow er C o m 
pany); W all S tre e t in d u s tr ia l a n d  h an k in g  co n ce rn s ; A n d rew  M ellon, sec
re ta ry  o f  th e  tre a su ry  u n d e r  P re s id en ts  H a rd in g  a n d  C oo lidge ; J o h n  W. 
W eeks, s ec re ta ry  o f  w ar u n d e r  H a rd in g ; a n d  S e n a to r  G eo rg e  W. N orris

17 In Muscle Shoab, pp. 28-146, H ubbard explores die Ford offer and the reaction lo il.
‘"Kor dala showing die increase in transmission voltages between 1889 and 1934. see 

Electrical World 83 (1924): 998. According lo this source, transmission voltages o f roughly 
110,000 were practical in 1908, and by 1923 the nutnher had risen to 220,000. However, 
these estimates were based on pioneering endeavors rather than on common practice. The 
world's first 110,000-volt transmission line was huili from C roton-G rand  Rapids to Muskegon, 
Michigan, in 1906; the second was built from Niagara Falls lo T oronto  and St. Thomas, 
Canada, in 1910. Bureau o f the Census, Central Electric Light and Power Stations, foldout facing 
p. 132.

'"H ubbard , Muscle Shoals, pp. vii-viii.
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o f  N eb rask a , c h a irm a n  o f  th e  A g ric u ltu re  C o m m ittee , a le a d e r  o f  p ro 
gressive co n g re ssm en  a n d  an  ad v o ca te  o f  pub lic  p o w er a n d  reg io n a l p la n 
n in g . T h e  way in  w hich th e se  v arious advoca tes  in te n d e d  to  e x p lo it M uscle 
Shoals re flec ted  n o t on ly  d if fe re n t e conom ic  a n d  political views b u t the  
d if fe re n t ways in  w hich th e  tech n o lo g y  o f  e lec tric  p o w er co u ld  be d e v e l
o p e d . T h e  u tilities w ere  a g reeab le  to  g o v e rn m e n t o w n e rsh ip  o f  th e  hy 
d ro e le c tr ic  p la n t a t M uscle Shoals, b u t they  w an ted  th e  g o v e rn m e n t to  sell 
th em  th e  p o w er w holesale  fo r  tran sm issio n  a n d  d is trib u tio n  to  th e ir  cu s
to m ers; th e  W all S tre e t b a n k e rs  a n d  th e  w ell-estab lished  en e rg y -in ten s iv e  
m a n u fa c tu r in g  in d u s tr ie s  like a lu m in u m  a n d  c a rb o ru n d u m  h ad  th e  tw ofo ld  
ob jective o f  o p p o s in g  F o rd ’s m o n o p o ly  o f  M uscle Shoals p o w er a n d  fa 
vo rin g  d e v e lo p m e n t o f  iso lated  in d u s tr ia l p o w er sites a lo n g  th e  T e n n e sse e  
R iver; a n d  th e  ad v o ca tes  o f  p ub lic  u tilities env isaged  th e  c o o rd in a te d  d e 
v e lo p m en t o f  po w er, a g r ic u ltu re , a n d  in d u s try .

O n ly  th e  co m in g  o f  a n o th e r  na tio n a l em e rg e n c y  co u ld  reso lve  th e  c o n 
tro v ersy  po sed  by th e se  te chno log ica l im p lications. T h e  im p era tiv e  fo r  e m 
p lo y m en t a n d  econom ic  d e v e lo p m e n t im posed  by th e  G re a t D ep ressio n  
b ro u g h t ab o u t d ra m a tic  a n d  decisive action  c o m p arab le  to  th e  decisions 
th a t h a d  c re a te d  M uscle Shoals. In  May 1933 C o n g re ss  e n a c te d  P re s id en t 
F ran k lin  R ooseve lt’s reco m m e n d a tio n  fo r  th e  d e v e lo p m e n t o f  th e  T e n 
nessee valley by m ean s  o f  th e  T e n n e sse e  V alley A u th o rity  A ct, a n d  th e  
M uscle S hoa ls d a m  a n d  p o w er s ta tio n  becam e th e  k eystone  o f  th e  new  
g o v e rn m e n t-c o n s tru c te d , -ow ned , a n d  -o p e ra te d  system .20

In  th e  U n ited  S ta tes, th e  ex is ten ce  o f  th e  g ian t, g o v e rn m e n t-o w n e d  p lan t 
a t M uscle S hoa ls cau sed  an  ideological clash th a t fo r  m o re  th a n  a d ecad e  
th w a rte d  e ffec tiv e  u tiliza tio n  o f  th e  p lan t in a reg iona l system . In  G e rm an y , 
by co n tra s t,  th e  G o lpa-Z schornew itz  p lan t, w hose o rig in s  w ere  sim ila r to 
th o se  o f  M uscle Shoals, m ad e  th e  tran s itio n  to  peace tim e  w ith relatively 
little ideo logical con flic t. A fte r  th e  G e rm a n  c en tra l g o v e rn m e n t in 1918 
c o n s tru c te d  a 132-km . h ig h -vo ltage  line fro m  G o lpa-Z scho rnew itz  to  B erlin , 
th e  c ity -ow ned utility , th e  fo rm e r  BEW , h ad  th e  capacity  to  su p p ly  an  
alu m in u m  w orks a t R u m m elsb u rg , n e a r  B erlin . A n o th e r  line, 18 km . in 
len g th , was b u ilt f ro m  G o lpa-Z schornew itz  to  B itte rfe ld  to  su p p ly  an  a lu 
m in u m  w orks. A fte r  th e  w ar, EW A G , th e  R eich-ow ned u tility  th a t o p e ra te d  
G olpa-Zschom ew itz, co n tinued  to  supply  the nearby  w artim e n itrogen  p lant, 
fo r  it tu rn e d  fro m  m u n itio n s  to  th e  p ro d u c tio n  o f  n itro g e n -c o m p o u n d  
fe rtilize rs. Fo llow ing  th e  success o f  th e  B erlin  a n d  B itte rfe ld  transm ission  
lines, EW A G  re a c h e d  o u t in 1920 w ith a 110,000-volt line to  Leipzig. EW A G  
th e n  ac q u ire d  th e  b row n-coal p lan t at T ra t te n d o r f ,  which h ad  been  built 
in 1915 by th e  Swiss e lectrical m a n u fa c tu re r  B row n B overi to  su p p ly  elec
tricity  to  n ea rb y  L onzaw erk , an  en erg y -in ten siv e , c a rb id e -p ro d u c in g  p lan t. 
A 110 ,000-voll transm ission  line was th en  e rec ted  to  co n n ec t T r a t te n d o r f  
with G o lpa-Z schornew itz . By acq u irin g  o th e r  po w er p lan ts  a n d  u tilities an d  
m ak in g  c o n trac ts  to  su p p ly  la rge  ind u stria l co n su m ers a n d  sm all u tilities 
in bu lk , EW A G  in th e  1920s becam e o n e  o f  G e rm a n y ’s largest reg iona l 
u tilities.21 B ecause o f  th e  absence  o f  para lyz ing  conflic t betw een  govern -

’"T lie  literature on the Tennessee Valley Authority is extensive. One recent study is Thomas 
K. McCraw's TV A and the Power Fight, 19)3-1939  (Philadelphia: Lippinrott, 1971).

71 Boll. Verhundbetriebi, pp. 28-30.
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m e n l a n d  p riv a te  in te re s ts , th e  tra n s itio n  o f  w artim e  techno logy  to  p eace
tim e  use was sm o o th .

T h e  g ian t w a rtim e  p o w er p lan ts , w ith th e ir  e n o rm o u s  capacity , sp ro u te d  
peace tim e  tran sm issio n  system s as they  re a c h e d  o u t  fo r  new  m ark e ts . In 
E n g lan d , th e  U n ited  S ta tes, a n d  G erm an y , th e  w artim e  ex p e rie n c e  with 
cen tra lly  p la n n e d  in te rc o n n e c tio n s  in flu en ced  p eace tim e  th in k in g  ab o u t 
system s. T h e  success o f  em e rg e n c y  w artim e  in te rc o n n e c tio n s  s iim u la ied  
th e  p la n n in g  o f  fu r th e r  in te rc o n n e c tio n s , n o t o n ly  in a n tic ip a tio n  o f  postw ar 
d e m a n d , b u t a lso in ligh t o f  th e  im p e ra tiv e s  o f  f u tu re  w ars .22 T h e  en g in ee rs  
a n d  m a n a g e rs  w ho h ad  b een  called  in to  w artim e  g o v e rn m e n t serv ice  w ere 
especially  in te re s te d . B eyond  a sim p le  in crease  in in te rc o n n e c tio n s  lay the  
in te g ra tio n  o f  utilities. A s im p le  in te rc o n n e c tio n  tied  to g e th e r  a t o n e  ju n c 
tu re  o r  a lim ited  n u m b e r  o f  p o in ts  on ly  tw o u tility  system s; o f te n  the 
capacity  o f  th e  tie line  was sm all, p e rm itt in g  t ra n s fe r  o f  on ly  a lim ited  
a m o u n t o f  excess po w er. C o n tro l o f  each  system  re m a in e d  in d e p e n d e n t. 
By co n tra s t ,  in te g ra tio n  w ould  b r in g  tw o fo rm e rly  in d e p e n d e n t  system s 
u n d e r  co m m o n  c o n tro l. N o lo n g e r  w ould  it be possib le  to  d is tin g u ish  the 
b o u n d a r ie s  o f  th e se  system s by th e ir  lie  lines, fo r  th e se  w ou ld  becom e part 
o f  th e  tran sm iss io n -lin e  n e tw o rk  o f  th e  in te g ra te d  system .23 In stitu tio n a l 
m e rg e r  d id  n o t follow  im m ed ia te ly , how ever.

In  th e  U n ited  S ta les in 1919 S ec re ta ry  o f  th e  In te r io r  F ran k lin  K night 
l .a n e  ex p re s se d  a c a rry -o v e r o f  w artim e a tti tu d e s  w hen  he w ro te , “T h e  
e n o rm o u s  d e v e lo p m e n t o f  w ar in d u s tr ie s  h a d  c re a te d  an  a lm ost insatiab le  
d e m a n d  fo r  po w er, a d e m a n d  th a t was o v e r-re a c h in g  th e  availab le  supply  
w ith such  ra p id ity  th a t,  h ad  hostilities c o n tin u e d , it is c e rta in  th a t we shou ld  
now  be fac ing  an  e x tre m e  p o w er sh o r ta g e .”2■, F o r th is rea so n  he reco m 
m e n d e d  th a t C o n g ress  s tu d y  th e  feasibility  o f  d e v e lo p in g  a c o m p reh en s iv e , 
“s u p e rp o w e r” system  fo r  th e  g e n e ra tio n  a n d  d is trib u tio n  o f  e lectric ity  in 
th e  B o s to n -W ash in g lo n  in d u s tr ia l reg io n . T h e  sec re ta ry 's  in te re s t was fo
cused  on  supp ly ing  large industry  a n d  tran sp o rta tio n  netw orks with cheaper 
pow er. O th e rs , like G iffo rd  P incho t, g o v e rn o r  o f  Pennsy lvan ia , a n d  M orris 
C ooke , his ad v ise r o n  elec trica l su p p ly , called  fo r u n if ie d  p o w er system s 
th a t w ould  su p p ly  (econom ically) m o re  g e n e ra l social n eed s , such  as the  
n eed  fo r  c h e a p  p o w er in ru ra l  a reas . T h e  g o v e rn o r  m a in ta in e d  th a t a 
u n ified  g ia n t p o w er system , w ith its im p ro v ed  load  fac to r, w ould  resu lt in 
“ ra is ing  th e  s ta n d a rd  o f  living . . . e lim in a tin g  th e  physical d ru d g e ry  o f  life 
. . . w in n in g  th e  a g e -lo n g  s tru g g le  aga in st p o v e rty .”25

O nly  o n e  m o n th  a f te r  W orld  W ar I e n d e d ,  W illiam  S. M u rray , a con 
su ltin g  e lectrical e n g in e e r , u rg e d  th e  s ec re ta ry  o f  th e  in te r io r  to  p re p a re

VJ Maj. Gen. William Crozier, "Giant Power and National Defense." Annals of the American 
Academy of Political and Social Science I 18 (1925): 105.

A fter ihe war some utility executives strongly advocated interconnection to counter the 
loss o f company independence that followed integration; they were reluctant to see holding 
companies or the government (by regulation) take over the integrated systems. Alex Dow. 
head o f the Detroit Edison Co.. was a case in point. Raymond C. Miller. Kilowatts at Work: A 
History of the Detroit Edison Company (Detroit, Mich.: Wayne Stale University Press, 1957). p. 
225.

"  W. S. M urray cl :tl.. A Superpower System for the Region between Boston and Washington, U.S. 
D epartm ent o f the Interior, United States Geological Survey Professional Paper no. 128 
(Washington. D.C.: GPO, 1921), p. 9.

Gifford Pinchot. "Giant Power." Su m n  C.raidne 51 M094>- 51.1
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th e  g ro u n d  fo r th is s u p e rp o w e r system  hy s u p p o r tin g  a d e ta iled  su rvey  ol 
th e  en e rg y  re so u rces  o f  th e  in d u s tria l N o rth east from  B oston . Massac h u 
setts, to  W ash in g to n , D.C. T h e  su rvey  w ould be sim ila r to  th e  o n e  m ad e  
e a r lie r  fo r  th e  W ar In d u s tr ie s  B oard . In tra n sm ittin g  th e  req u est to  C o n 
gress, th e  s ec re ta ry  o f  th e  in te r io r  w rote , “T he  co u n try  is now  passing  
th ro u g h  a p e rio d  o f  tran s itio n , w hich, I firm ly  believe, will soon  be fo llow ed 
by o n e  o f  in d u s tria l activity a n d  ex p a n s io n .”20 C o n g re ss  a g re e d , a n d  the  
su rvey  was c a rr ie d  o u t. U sing th e  resu lts o f  th e  su rvey , M u rray  a n d  his 
associates su b m itted  in 1921 a re p o rt o r  p lan  fo r a su p e rp o w e r  system  
which he p ro jec ted  cou ld  be fu lfilled  by 1930. In  essence, M u rray  re c 
o m m e n d e d  th a t th e  large-scale  a n d  e ffic ien t p ow er p lan ts  th e n  ow n ed  by 
n o r th e a s te rn  p riv a te  u tilities be s u p p le m e n te d  by new  su p e rp o w e r  p lan ts  
(6 0 ,0 0 0 -3 0 0 ,0 0 0  kw.), bo th  th e rm a l a n d  hyd ro e lec tric ; tran sm issio n  lines 
o f  110,000  to  2 2 0 ,000  volts w ould  in te g ra te  these. H av in g  been  jo in ed  by 
th is n e tw o rk , th e  p o w er p lan ts  w ould  feed  th e ir  o u tp u t in to  a p ow er pool, 
w hich w ould  be la p p e d  at load cen te rs  fo r d is tr ib u tio n  by th e  utilities to 
c o n su m ers . T h e  utilities ' ex is tin g  h igh -vo ltage  transm ission  lines (33 ,000  
volts) w ould  be u sed  fo r d is tr ib u tio n  to  c u s to m ers  in 1930— to in d u stria l, 
e lec trif ied  ra ilro a d , a n d  sm a lle r co n su m ers . H o ld in g  co m p an ie s  fu n d e d  by 
investo rs  w ould  ow n a n d  m an ag e  th e  s u p e rp o w e r c o rp o ra tio n ’s facilities— 
th e  new  large-sca le  p o w er p lan ts  a n d  th e  h igh -vo ltage  tran sm issio n  lines. 
U tilities w ould  ow n th e  low er-vo ltage  d is tr ib u tio n  n e tw ork . M u rray  esti
m a ted  th a t,  c o m p a re d  w ith th e  cost o f  an  u n in te g ra le d  system  su p p ly in g  
th e  sam e reg io n , an  in v es tm en t o f  $1 billion by 1930 w ould  resu lt in an  
an n u a l sav ing  o f  m o re  th a n  $ 200  m illion because o f  th e  h ig h e r  load fac to r 
a n d  o th e r  eco n o m ies o f  th e  in te g ra te d  system .27 (See Fig. X I.3.)

G ian t P ow er was a n o th e r  idea  sp aw n ed  by w artim e co n d itio n s. It, too. 
involved a p lan  fo r an  in te g ra te d  system , bu t it was lim ited  to  th e  s ta te  o f  
P ennsy lvan ia . T h e  m ov ing  sp irit b eh in d  th e  discussions o f  G ian t Pow er in 
th e  early  1920s was G o v e rn o r  G iffo rd  P incho t (1 8 6 5 -1 9 4 6 ) o f  P ennsy l
vania, a le ad in g  co n serva tion is t a n d  p rog ressive  fo llow er o f  T h e o d o re  R oo
sevelt. P in ch o t’s ab le  technical assistan t was M orris L lewellyn C ooke (1 8 7 2 -  
1960), a c o n su ltin g  e n g in e e r  w ith a rep u ta tio n  fo r liberal social views. G iant 
Pow er d if fe re d  fro m  s u p e rp o w e r in technological aspects, b u t— p e rh a p s  
m o re  in te re s tin g ly — also in its social p o ten tia l. P inchot saw G ian t Pow er as 
a m ean s o f  b r in g in g  a social rev o lu tio n  th ro u g h  c h e a p e r  electric ity , ru ra l 
e lec trif ica tio n , a n d  g ian t m in e -m o u lh  p lan ts.

T h e  h is to ry  o f  G ian t Pow er is o n e  o f  fa ilu re . C onceived  o f  u n d e r  the  
in flu en ce  o f  w a rtim e  c ircum stances, th e  p lan  ex p e rien ced  th e  chill o f  the  
po stw ar reac tio n , o r  re tu rn  to  norm alcy . S im ilar bold p lans in B rita in  a n d  
G e rm a n y  also fa iled  to  reach  fru itio n . F or a tim e, how ever. G ian t Pow er 
a ttra c te d  co n sid e rab le  p ro fessiona l a n d  public  a tten tio n ; th e  electrical j o u r 
nals a n d  th e  p o p u la r  p ress  g ave it f re q u e n t a n d  b ro ad  coverage. P ro p o n en ts  
saw it as a s tep  to w ard  a New J e ru sa le m ; o p p o n e n ts  c o n s id e red  it an  alien  
schem e th a t th re a te n e d  c o n tin u e d  p ro g re ss  in th e  utilities field . Its m ost 
p ro m in e n t p ro p o n e n t, th e  g o v e rn o r  o f  P ennsylvania, d escrib ed  it as fo l
lows;

317 M urray el al., Superpower System, p. 9.
37 For a summ ary of the supcr|>owcr plan, see especially ibid.. pp. 9-26.
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Figure X I.3. William S. Murray's plan for a superpower system. Murray el al.. Superpower 
System, plate III.

Giani Power is a plan lo bring cheaper and better electric service to all those who 
have it now. and to bring good and cheap electric service to those who are still 
without it. It is a plan by which most o f the drudgery  of hum an life can be taken 
from [the) shoulders o f men and women who toil, and replaced by the power of 
electricity.'■,l,

A n  o p p o n e n t , th e  h e a d  o f  th e  P e n n sy lv a n ia  E le c tr ic  A ss o c ia tio n , w hich  
re p re s e n te d  9 0  p e r c e n t  o f  th e  s ta te 's  u tilit ie s , sa id :

T he very clear purpose of this plan is to take from any electric service system 
the benefits it has thus far accrued by reason o f able m anagem ent, successful 
financing, painstaking research work, [and] courage in the replacement of

”  Report of the Giant Power Survey Hoard to the Genrral Assembly of the Commonwealth of Penn
sylvania (H arrisburg. Pa.: T elegraph Printing Co.. 1925). pp. iv-v (hereafter cited as Giant 
Power Survey). T he  accouul of Giant Power presented here is taken from Thom as P. Hughes. 
•‘Technology and Puhlir Policy: T he failu re  of Giant Power." IF.EH Proceedings 64 (1976): 
1361-71. See also Jean Christie. "Giant Power: A Progressive Proposal of the Nineteen- 
Twenties," Pennsylvania Magaiine of History and Biography 96 (1972): 480-507.
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apparatus. . . . Private initiative is to be driven out o f the electric service 
companies and [to] be supplanted by a political plan based upon a socialistic 
theory and offering all the possibilities o f the construction o f a state-wide, all 
powerful, political machine.29

T h e  issues a n d  o rig in s  o f  G ian t P ow er w ere, how ever, fa r  m o re  co m p lex  
th a n  th e  rh e to r ic  o f  th e  g o v e rn o r  a n d  this in d u s try  sp o k esm an  ind ica tes . 
T h e  c o n tro v e rsy  consis ted  o f  fa r m o re  th an  a sim plistic  c o n fro n ta tio n  b e 
tw een  th e  po litic ian  a n d  th e  cap ita list. I t involved  d if fe r in g  views ab o u t th e  
ex p lo ita tio n  o f  new ly d ev e lo p ed  techno logy  in th e  field o f  e lectrical p ow er; 
it was fired  by th e  e n th u s ia sm  o f  co n serv a tio n is ts  w ho h ad  f lo u rish e d  in 
T h e o d o re  R ooseve lt’s P rog ressive  p arty ; it was h e ig h te n e d  in in tensity  by 
th e  w ax ing  p o w er o f  p riva te ly  o w ned  h o ld in g  co m p an ie s  in th e  U n ited  
S tales, a n d  th e  ach iev em en ts  o f  public ly  o w ned  utilities in C a n a d a  a n d  
E u ro p e ; it a ro u se d  public  in te re s t in th e  N o rth e a s t because  th e re  was ev i
d e n c e  th a t th e  S o u th  a n d  F ar W est w ere m ov ing  a h e a d  in th e  d ev e lo p m e n t 
o f  e lec tric  po w er; a n d  it was in flu en ced  by th e  p r io r  c o n fro n ta tio n s  o f  th e  
pe rso n a litie s  invo lved . W ith so m any  com plica tions, th e  p ro b lem s raised  
by G ian t P ow er co u ld  n o t be so lved  by rh e to ric . N o r  co u ld  they  be se ttled  
by techno log ica l ex p e rtise . F o r o n e  th in g , e n g in e e rs  d isa g re e d  am o n g  th e m 
selves; fo r  a n o th e r ,  th e  variab les a n d  th e  o p tio n s  e x te n d e d  fa r  bey o n d  th e  
techno log ica l rea lm  to th e  po litical, econom ic , a n d  social a ren as .

T h e se  w ere  so m e  o f  th e  a lt itu d e s  a n d  g en e ra l tre n d s  in th e  c o n tex t o f  
w hich M orris  C o oke  a n d  G iffo rd  P incho t in tro d u c e d  th e ir  G ian t Pow er 
p lan . C o o k e ’s c o n cep t can  be traced  back d irec tly  to  his w artim e  e x p e r i
ences. As an  ad v ise r o n  e n e rg y  a n d  t ra n sp o r ta tio n  p ro b lem s, he  h ad  rec 
o m m e n d e d  th a t th e  g o v e rn m e n t lig h ten  th e  f re ig h t load  o n  ra ilro a d s  by 
f in an c in g  th e  c o n s tru c tio n  o f  la rg e  p o w er p lan ts  a t th e  m in e  m o u th  a n d  
by tra n sm ittin g  p o w e r fro m  th ese  to  load  cen te rs  by h igh -vo ltage  lines. 
Specifically , C ooke  w an ted  m in e -m o u th  p lan ts  bu ilt in e a s te rn  Pennsy lvan ia  
to  su p p ly  P h ila d e lp h ia .30 In  m ak in g  th ese  reco m m en d a tio n s , C ooke  raised  
th e  possibility  o f  a c o n fro n ta tio n  w ith th e  P h ilad e lp h ia  E lectric  C o m pany . 
T h e  w ar e n d e d  b e fo re  C o o k e ’s reco m m en d a tio n s  cou ld  be ac ted  u p o n , bu t 
his p lan s reveal his ea rly  c o m m itm e n t to  o n e  o f  th e  cen tra l ob jectives o f  
G ian t Pow er. T h e y  also m a rk e d  th e  b e g in n in g  o f  a s tru g g le  be tw een  C ooke, 
P h ilad e lp h ia  E lectric, a n d  o th e r  utilities. T h e  passions invoked  by G ian t 
P ow er a n d  even  th e  c h a ra c te r  o f  th e  p lan  itse lf can n o t be c o m p re h e n d e d , 
how ever, un less  we first review  th e  h istory  o f  C o o k e ’s activities in re la tio n 
sh ip  to  P en n sy lv an ia ’s u tilities. L on g -te rm  tre n d s  w ere m an ife st in G ian t 
P ow er, b u t th e  ro le  o f  ind iv id u a ls  like C ooke can n o t be ig n o red .

C ooke  s tu d ie d  e n g in e e r in g  a t L eh igh  U niversity , b u t he g a in ed  p ro m i
nen ce  m o re  as a r e fo rm e r  th an  as a technical e x p e r t .31 E arly in his c a re e r

m Pennsylvania, General Assembly, Giant Power: Proceedings before the Committee on Corpo
rations of the Senate and the Manufacturers Committee of the House of Representatives, being a Joint 
Hearing on Senate Giant Power Bilk Nos. 32, 33, 34, 33, 36, and 37. Extraordinary Session of 1926, 
pp. 34-35 (hereafter cited as Joint Hearing on Giant Power).

""Cooke to Robert Woolley, 15 April I9IH. Morris L. Cooke Papers (Group 40. Box 200. 
file labeled “C heap Electric Power"), Franklin D. Roosevcll Library. Hyde Park. N Y. (here
after cited as Cooke Papers).

" 'T h e  biographical sketch o f Cooke is drawn from Edwin T. I jy to n  Jr.'s  Revolt of the 
Engineers (Cleveland: Press o f Case Western Reserve University. 1971), pp. 154-71.
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he becam e an  ad v o ca te  o f  scien tific  m a n a g e m e n t a n d  an  associate o f  F red 
erick  T ay lo r , th e  o r ig in a to r  o f  th e  m o v em en t. C ooke , h ow ever, d id  not 
m ake  a nam e  fo r h im se lf  by a p p ly in g  p rin c ip le s  o f  scien tific  m an ag em en t 
to  in d u s tria l p ro b lem s; h e  u sed  scien tific  m a n a g e m e n t as th e  ideological 
fo u n d a tio n  fo r  his advocacy  o f  social re fo rm  as well as th e  re fo rm  o f  the 
e n g in e e r in g  p ro fe ss io n  w hich social re fo rm  en ta iled . C ooke  w an ted  to  see 
ex p e rts , especially  en g in e e rs , so lv ing  social p ro b lem s th ro u g h  th e  ap p li
ca tion  o f  e n g in e e r in g  a n d  ra tio n a l m a n a g e m e n t p rin c ip le s: he  was con 
vinced th a t th is w ould  n ev e r  co m e  to  pass, h ow ever, un less th e  pro fessional 
e n g in e e r  co u ld  d is tan ce  h im se lf  f ro m  th e  in f lu en ce  o f  p riv a te  b usiness and  
finance . S ince m ost e n g in e e rs  w ere  h ire d  by la rg e  m a n u fa c tu re rs  a n d  util
ities, C ooke  believed  th a t it was d ifficu lt fo r  th em  to  serve th e  pub lic  in terest, 
fo r public  a n d  b usiness in te re s ts  co n flic ted . B ecause  C ooke  was an  effective 
public ist w ith in f lu en tia l co n tac ts  in th e  p u b lish in g  w orld , his ideo logy  alone 
was e n o u g h  to  th re a te n  business  in te re sts .

C ooke  su ited  his actions to  his ideas by u s in g  his political skills to  construc t 
a p o w er base fo r h im se lf a n d  o th e r  l ik e -m in d ed  e n g in e e rs  w ith in  th e  A m er
ican Society o f  M echanical E n g in ee rs  (A SM E). H e  believed  th a t th e  ASME 
an d  th e  o th e r  p ro fe ssio n a l e n g in e e r in g  societies cou ld  p ro m o te  th e  public 
in te re s t m u ch  m o re  effectively  th a n  in d iv id u a l e n g in e e rs  c o u ld . H e  saw the 
electrical u tilities as th e  m a jo r obstacle  to  th is goal. H e  co n s id e re d  d o m i
n a tio n  o f  th e  A m erican  In s ti tu te  o f  E lectrical E n g in ee rs  (A IE E ) by the 
electrical u tilities a n o to r io u s  fact; th e  u tilities’ d o m in a tio n  o f  his o w n ASME 
was less obv ious b u t no  less c e r ta in  to  h im . B ecause  o f  his c lose association 
with F red e rick  T a y lo r  (1 8 5 6 -1 9 1 5 ), w ho b ecam e p re s id e n t o f  th e  ASME 
in 1906, a n d  because  o f  a re fo rm  m o v em en t am o n g  y o u n g e r  m em b ers  of 
th e  A SM E, th e  utilities h ad  to  tak e  C o oke  se riously  in p ro fessional-society  
politics.

As if  th a t w ere n o t e n o u g h  fo r th e  utilities, C o oke  e n g a g e d  in a hotly 
c o n te s ted  ra te  case invo lv ing  o n e  o f  th e  c o u n try ’s la rg est utilities, th e  Phil
ad e lp h ia  E lectric  C o m p an y . R u d o lp h  B lan k en b e rg , th e  successfu l re fo rm  
cand ida te  fo r m ayor o f  Philadelphia , n am ed  C ooke d irec to r o f  public works. 
H is a p p o in tm e n t m ay have  re su lte d  m o re  fro m  his fam ily back g ro u n d , 
cu ltu ra l style, a n d  political s e n tim e n ts  th a n  fro m  his e n g in e e r in g  expertise , 
fo r C ooke, like m any  o th e r  re fo rm  po litic ians o f  his d ay , cam e fro m  a 
g en tee l a n d  m o n ey ed  fam ily d e d ic a te d  to  re fo rm  c a rr ie d  o u t in th e  public 
in te re s t by p ro fe ssio n a l e lites. W h a te v e r  th e  rea so n s fo r  th e  a p p o in tm e n t, 
C ooke, as a re su lt, was in a position  to  o b ta in  in fo rm a tio n  a b o u t utility 
services a n d  to  public ize  his in te rp re ta tio n  o f  th a t d a ta . In  th e  case of 
P h ilad e lp h ia  E lectric , w hich he b ro u g h t to  co u rt,  h e  was co n v in ced  th a t the 
utility  was o v e rc h a rg in g  th e  city fo r s tre e t ligh ts a n d  re s id en tia l custom ers 
fo r  g en e ra l service. T h e  o v e rc h a rg in g  re su lted , C o o k e  believed , fro m  the 
u tility ’s in fla tin g  th e  value o f  its assets.

B ecause th e  s ta te 's  re g u la to ry  body, th e  Public Serv ice  C om m ission , al
low ed u tilities to  e a rn  a p e rc e n ta g e  o f  th e ir  assets as p ro f it,  in fla ted  val
ua tio n  re su lted  in inc rea sed  p ro fits . C o oke  m an ag ed  to  have  Ph iladeph ia  
E lectric b rin g  in o u ts id e  e n g in e e r in g  e x p e rts  to  m ake  a new  evaluation , 
bu t th e  resu lts, he  in sisted , w ere b iased  by th e  p ro -u tility  p re ju d ic e  o f  the 
co m p an y  s p rin c ip a l c o n su ltan t. B ecause th a t c o n su lta n t was P ro fesso r Du- 
gald  C. Jackson , h ead  of th e  e lectrical e n g in e e r in g  d e p a r tm e n t a t M .1.1-
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(pp . 1 4 8 -4 9  above), a n d  b ecau se  C ooke  a lleg ed  th a t a n u m b e r  o f  utility  
c o n su lta n ts  fro m  th e  acad em ic  w orld  w ere  p re ju d ic e d  like Jac k so n , C o o k e ’s 
re p u ta tio n  as a rad ica l g rew . In  th e  case o f  P h ilad e lp h ia  E lec tric ’s ra tes , 
how ever, C ooke  su cceed ed  in g e ttin g  th e  co m p an y  to  re d u c e  th e m , bo th  
fo r  th e  city a n d  fo r  re s id en tia l cu sto m ers .

C o o k e ’s a u th o rs h ip  o f  th e  G ian t P ow er re c o m m e n d a tio n s  was certa in ly  
e n o u g h  to  c au se  th e  u tilities  lo  view th e  p lan  ap p re h e n s iv e ly , a n d  G o v e rn o r  
P in ch o l’s s p o n so rsh ip  o f  it d id  n o th in g  to  re lieve th e  ten sio n . P in ch o t h a d  
a lo n g  h is to ry  o f  re fo rm  activ ities m o tiva ted  by his conv ic tion  th a t pub lic  
a n d  b usiness  in te re s ts  w ere  n o t syn o n y m o u s. A fo rm id a b le  a d v o ca te  o f  th e  
causes h e  chose  to  ch a m p io n , he  was c h a ra c te r iz e d  as en th u s ia s tic , a m b i
tious, a n d  se lf- r ig h te o u s .82 L ike C ooke , P in c h o t’s fam ily was a f f lu e n t a n d  
h a d  close co n tac ts  w ith th e  h ig h -m in d e d  p ro g re ss iv e  r e fo rm e rs  o f  his e ra . 
F u r th e rm o re ,  a n d  also  like C ooke , he  was an  e ffec tive  pub lic ist. A fte r  
s tu d y in g  fo re s try  in E u ro p e , he  b ecam e c h ie f  fo re s te r  o f  th e  U.S. F o re stry  
Service. H is p ro g ra m  ca lled  fo r  th e  scien tific  m a n a g e m e n t o f  t im b e rla n d s  
an d  fo r  th e  co n se rv a tio n  o f  th e se  lan d s as a n a tio n a l re so u rc e  fo r  his a n d  
fu tu re  g en e ra tio n s . H e  h ad  seen  E u ro p e a n s  h u sb a n d  th e ir  lim ited  re 
so u rces  ( fo re s t a n d  o th e r) , a n d  h e  was d e te rm in e d  to  stem  th e  th o u g h tle ss  
ex p lo ita tio n  o f  th e  re so u rc e s  in A m erica  th a t he knew  to  be fin ite , p o p u la r  
o p in io n  to  th e  co n tra ry .

P in ch o t’s activ ities d rew  h im  in to  a close political a lliance  w ith his lo n g 
tim e  p ro g re ss iv e  f r ie n d  T h e o d o re  R oosevelt. T h e y  also  s p a rk e d  a c o n tro 
versy w ith p o litic ians  a n d  fin an c ia l-b u sin ess  in te re s ts  th a t he  believed  w ere 
in te n t u p o n  ex p lo itin g  th e  coa l-rich  lan d s  in A laska a n d  th e  h y d ro e lec tric  
po w er sites in  th e  A m erican  W est lh a l h e  w an ted  re se rv ed  fo r  g o v e rn m e n t 
co n tro l. H is s ta n d  b ro u g h t  h im  in to  con flic t w ith, am o n g  o th e r  p o w erfu l 
pe rso n s  a n d  c o rp o ra tio n s , th e  M o rg a n -G u g g e n h e im  synd ica te . B ecause  o f  
his re p u ta tio n  fo r  m ak in g  e n em ies , he c a rr ie d  a legacy in to  th e  G ian t P ow er 
c o n tro v e rsy  th a t on ly  in c rea sed  its in tensity . H e  was m o tiv a ted  in his .ad
vocacy o f  G ian t P ow er by his conv iction  th a t h e  was w ag ing  a s tru g g le  
ag a in st selfish  a n d  avaric ious m o n o p o lie s  o rg a n iz e d  by p o w erfu l financial 
in te re sts . A m o n g  th e se  was th e  o ld  foe, th e  H o u se  o f  M o rg an , w hich, 
a c c o rd in g  to  P incho t, c o n tro lle d  th e  P h ilad e lp h ia  E lectric C o m p an y , a m o n g  
o th e r  u tilities. (P in ch o t a n d  C ooke , it a p p e a rs , h ad  m u ch  in co m m o n .)

In  1922, h av in g  g a in e d  a re p u ta tio n  fo r  his re fo rm s  a n d  his ob jectives, 
P in ch o t w on th e  P ennsy lvan ia  g u b e rn a to r ia l  e lection . S h o rtly  a f te rw a rd , in 
1923, h e  es tab lish ed  th e  G ian t P ow er S u rvey  B o a rd , a m o n g  w hose p ro m 
in e n t m e m b e rs  was Philip  P. W ells, d e p u ty  a tto rn e y  g e n e ra l o f  P ennsy l
vania. A n adv iso ry  c o m m ittee  lo  th e  b o a rd  in c lu d ed  S am u el G o m p ers , 
A r th u r  E. M o rg an , H e n ry  L. S tim son , a n d  W illiam  A llen W hite . M orris 
C ooke  was d ire c to r  o f  th e  b o a rd . In  1925 th e  b o a rd  su b m itte d  its re p o rt  
to  th e  G en e ra l A ssem bly  o f  Pennsy lvan ia  (see Fig. X I.4).88 The r e p o r t  was 
w idely c ircu la ted  by th e  g o v e rn o r  so as to  d raw  natio n w id e  a tte n tio n  to  th e  
p rin c ip le s  o f  G ian t Pow er; it also in c lu d ed  p ro p o sa ls  fo r leg isla tion .

N u m e ro u s  n ew sp ap e rs  a n d  jo u rn a ls , p o p u la r  a n d  techn ical, c a rr ie d  sum -

G ifford Pinchot, The Power Monopoly: Its Make-up and Its Menace (Milford, Pa.: Privately 
printed, 1928), p. 5.

”  See Giant Power Survey.
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Figure X1.4. Title page from Giant 
Power Survey.

m a rie s  o f  th e  p la n . F.lectrical World  p r im e d  a m a tte r-o f- fa c t  su m m a ry , but 
d id  so  u n d e r  th e h e a d in g  "P in c h o t  T a k e s  R a d ic a l S t a n d .” 34 T h is  sig n a led  
th e  reac t io n  o f  th e  u tilitie s, b u t b e fo r e  th e  o p p o s it io n  c o u ld  m o u n t an 
e f fe c t iv e  c a m p a ig n , th e  g o v e r n o r  a n d  C o o k e  w e re  re c e iv in g  c o n sid era b le  
atten tio n  fo r  th e ir  p ro g r a m . In  e s se n c e , th e  C ia n t  P o w e r  p la n , as d e ve lo p ed  
in th e r e p o r t  a n d  as  la te r  in c o r p o r a te d  in le g is la t io n , c a lle d  fo r  th e estab
lish m en t o f  g ia n t m in e -m o u th  p o w e r  p la n ts  (each  w ith  a g e n e ra t in g  c ap acity  
o f  at least 3 0 0 ,0 0 0  k w .) in  w e ste rn  P e n n sy lv a n ia ; th e  c o n stru ct io n  o f  a 
n e tw o rk  o f  h ig h -v o lta g e  tra n sm is s io n  lin e s  c a p a b le  o f  c a r r y in g  10 0 ,0 0 0  or 
m o re  v o lts; a n d  th e  a d a p ta t io n  o f  th e  d is t r ib u t io n  sy ste m s o f  p riv a te , m u 
n ic ip a l, a n d  c o o p e r a t iv e  u tilitie s to  d e liv e r  e le c tr ic ity  fro m  th e h ig h -vo lta ge  
n e tw o rk  to in d u s tr ia l, r e s id e n t ia l, t r a c tio n , a n d  o th e r  c o n su m e r s . T h e  m ine- 
m o u th  p o w e r  sta tio n s  w e re  to b e  in te g r a te d  w ith  p la n ts  th at p ro c e sse d  raw  

b itu m in o u s  c oa l to d e r iv e  g a s , b en z o l, a m m o n iu m  c o m p o u n d s , a n d  oth er 
c h e m ica ls  b e fo r e  d e liv e r in g  lo w -g ra d e  fu e l m a te r ia l to  th e  p o w e r  p lants.

T h e  G ia n t P o w e r  c o n c e p t a p p e a le d  to  u tility  e n g in e e r s  a n d  m a n a ge rs 
b e c a u se  its b o ld  u se  o f  a d v a n c e d  te c h n o lo g y , la r g e -s c a le  p o w e r  p la n ts , and 

w id e -a re a  g r id s  o f  t ra n sm iss io n  lin es p ro m ise d  e f f ic ie n c y  a n d  econ om y. 
H o w e v e r , o n c e  P in c h o l a n d  C o o k e ’s p ro p o s a ls  c o n c e r n in g  r e g u la tio n , li
c e n s in g , o w n e rs h ip , ra te s , c o r p o ra te  s t ru c tu re , a n d  se c u r it ie s  w ere  com 
p r e h e n d e d , th e  b lo o m  w as o f f  th e  ro se . T a k e n  to g e t h e r , th ese  asp ects o l 
th e  p la n , as le g is la t iv e  h e a r in g s  a n d  p u b lic  d e b a te  re v e a le d , c o u ld , in the 
o p in io n  o f  th e  u tilitie s, b e la b e le d  g o v e rn m e n t  in te r fe r e n c e , e v e n  a p re lu d e 
to g o v e rn m e n t  o w n e rs h ip . A s  issu es  w e re  d e f in e d  a n d  th e  c o n tro v ersy  
d e v e lo p e d , it b e c a m e  c le a r  th at in th e  c a se  o f  G ia n t  P o w e r, th e  question  
w as n ot so  m u c h  w h e th e r  o r  n ot to  a d o p t  th e  n ew  te c h n o lo g y  as  w h o  w ould 
o w n  a n d  c o n tr o l th e  te c h n o lo g y  a n d  in w h o s e  in te re st .

R e g u la t io n  by th e  s la te  w as to b e a c h ie v e d  th ro u g h  b o th  th e  estab lish ed  
P u b lic  S e r v ic e  C o m m issio n  a n d  a n ew , p e r m a n e n t  G ia n t P o w e r  B o a r d . T h e  
la tte r  w o u ld  a u th o riz e  in c o r p o r a t io n  o f  G ia n t  P o w e r  g e n e r a t in g  com p an ies 
a n d  G ia n t  P o w e r  tr a n sm iss io n  c o m p a n ie s .33 S in c e  a ll m a jo r  p o w e r  plants 
a n d  tra n sm iss io n  fac ilit ie s  in  th e  f u t u r e  w e r e  to b e  o f  th e  n ew  an d  large 
k in d , th e  sta te  w o u ld  d e te r m in e  n ot o n ly  th e  k in d  o f  te c h n o lo g y  u sed  in 
g e n e ra l b u t a lso  th e r e g u la to ry  d e ta ils  o f  th e  ch a t te rs  issu e d  to th e  new, 

p riv a te ly  fu n d e d  G ia n t P o w e r  c o r p o ra t io n s . E x is t in g  u tilit ie s  c o u ld  ap p ly  
fo r  G ian t P o w e r  c h a rt e r s , but o th e r  in v e s to rs  w o u ld  h a v e  th e  o p p o rtu n ity  
to a p p ly  fo r  th e r ig h t to in c o r p o r a te  fo r  th e  p u r p o s e  o f  c o n stru c t in g  and 
o p e r a t in g  th e  g e n e ra t io n  a n d  tra n sm is s io n  fa c ilit ie s  as w e ll. T h e  g e n e ra tin g  
c o m p a n ie s  w e re  to  b e  g iv e n  a u th o r ity  by th e  G ia n t P o w e r  B o a r d  to  a p p r o 

p ria te  by c o n d e m n a tio n  e n o u g h  m in in g  la n d s  to su p p ly  fu e l fo r  not m ore 
th an  f if ty  y ears .

I he  tra n sm iss io n  c o m p a n ie s  w e re  to  b e c o m m o n  c a r r ie r s  o f  electricity  
p u r c h a se d  at w h o le sa le  p r ic e s  fro m  th e  G ia n t  P o w e r  g e n e r a t i n g  co m p a n ies 
a n d  fro m  su r v iv in g  u tility  p o w e r  p la n ts  w h en  th e y  h a d  a s u r p lu s  ab o v e  the 
n e e d s o l th e ir  o w n  d istr ib u tio n  sy stem s . T h e  ro u te s  o f  th e  tran sm ission

MF.lertriral World H5 (1925): -I2I-22.
» T h e  IV,Mowing description „( .he Gian. Power plan is based primarily on Giant Power 

im/ry ant eport of lie  Giant Pawn Hoard to the Governor of Prnnsyliiania. December 7. 1926 
(I la rnsbura . Pa . 10271 '  J
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lines w ou ld  be d e te rm in e d  by th e  G ian t Pow er B o a rd . T h e  tran sm iss io n  
co m p an ie s  w ou ld  sell p o w e r to  d is trib u tio n  c o m p an ie s , th e  m ajo rity  o f  
w hich , a t least fo r  th e  fo re seeab le  fu tu re ,  w ou ld  be th e  ex is tin g  u tilities. 
B ecause  a u th o r iz a tio n  fo r  new  p o w er p lan ts  w ould  be lim ited  to  G ian t 
P ow er c o m p an ie s , th e  ex is tin g  utilities o v e r  th e  y ears w ou ld  be g rad u a lly  
tra n s fo rm e d  fro m  m u ltip u rp o se  e n te rp r is e s  to  sim p le  d is tr ib u tio n  co m 
panies.

As i f  th e  p ro sp e c t o f  th is tra n s fo rm a tio n  w ere  n o t e n o u g h  fo r  th e  o w n ers  
o f  th e  p o w erfu l u tilities to  p o n d e r ,  th e re  was a n o th e r  b it te r  pill they  w ould  
have  to  sw allow  if  G ian t P ow er leg isla tion  was en a c te d . A fte r  fifty  years, 
th e  s ta le  w ou ld  have  th e  r ig h t to  tak e  o v e r th e  G ian t Pow er facilities a n d  
o p e ra te  th e m  u p o n  p a y m e n t o f  th e  m o n ey  th e  G ian t P ow er co m p an ie s  h ad  
p ru d e n tly  in v es ted  d u r in g  th a t p e r io d . D u r in g  th e  fifty years, th e  c o m 
p an ies  w ou ld  have  p a id  an  a n n u a l fee  to  a m o rtize  th e  cost o f  th e  land  
m in ed  o r  u sed  as r ig h t o f  way fo r  tran sm issio n . (T h e  r ig h t o f  way w ould  
have  b een  a c q u ire d  by th e  c o m p a n ie s  th ro u g h  th e  s ta te 's  p o w er o f  c o n 
d e m n a tio n  o r  by s im p le  p u rc h a se .)

T h e  G ian t P ow er c o m p a n ie s  (b o th  g e n e ra tin g  a n d  tran sm iss io n ) w ere 
ex p e c te d  to  m ak e  a p ro f it.  As in th e  case o f  e x is tin g  u tilities, th e  p ro fits  o f  
th e  new  c o m p a n ie s  w ou ld  be re g u la te d  by th e  s ta te . W hat was new  was th e  
ra te  base. M o rris  C o o k e  h a d  seen  in th e  va lu a tio n  p ro c e d u re s  o f  th e  u tilities 
an  o p p o r tu n ity  fo r  th e m  to  m ak e  excessive p ro f its  d e sp ite  th e ir  ra te s  b e ing  
re g u la te d  o n  th e  basis o f  p e rc e n ta g e  o f  in v estm en t. U n d e r  G ian t Pow er 
laws th e  ra te  base w o u ld  n o t be re p la c e m e n t va lue  o f  th e  p la n t a t th e  tim e 
o f  ra te  c h a n g e ; it w ou ld  be  th e  a m o u n t p ru d e n tly  in v ested  in facilities. T h e  
ra te  o f  r e tu r n  o n  in v e s tm e n t was to  be  a d ju s te d  to  allow  su ffic ien t p ro f it 
to  a ttra c t n e e d e d  cap ita l. T h ro u g h  th e  Public Serv ice C om m ission  th e  s ta te  
w ou ld  also  co n tro l th e  issuance  o f  secu rities , th e  p a r  value o f  w hich  h ad  
to  c o r re sp o n d  to  th e  a m o u n t o f  cap ita l in v es ted .36

T o  an  A m erican  u tilities in d u s try  a lread y  a la rm e d  by n a tio n a liza tio n  
leg isla tion  in G re a t B rita in . G e rm a n y , a n d  e lsew h ere  in E u ro p e , G ian t 
Pow er sig n ified  u ltim a te  g o v e rn m e n t o w n ersh ip . A nx ie ties  w ere fu r th e r  
a ro u se d  by P in ch o t a n d  C o o k e ’s c o m m itm e n t to  ru ra l e lec trifica tio n . O nly  
6 p e rc e n t o f  th e  p o w e r g e n e ra te d  by utilities se rv ed  fa rm s  in 1925. A c
co rd in g  to  th e  G ia n t Pow er p lan , th e  Public Serv ice C om m ission  w ould  be 
e m p o w e re d  to  r e q u ire  e x ten s io n  o f  d is tr ib u tio n  system s to  u n se rv ed  te r 
rito ry ; fu r th e rm o re ,  th e  fo rm a tio n  o f  ru ra l  m u tu a l a n d  d is tric t d is tr ib u tio n  
co m p an ie s  was a u th o r iz e d  a n d  en c o u ra g e d . M utua l co m p an ie s  w ere to  be 
fo rm e d  by v o lu n ta ry  associations o f  co n su m ers ; d is tric t co m p an ie s  w ould 
be c re a te d  u p o n  th e  fav o rab le  vo te  o f  a m ajo rity  o f  th e  d is tr ic t’s in h ab itan ts  
an d  o f  th e  o w n ers  o f  “a su ffic ien t m ajo rity  o f  th e  a c re a g e .” T h e  d is tric t 
co m p an ie s  w ould  have  th e  p o w er to  lax , assess ben e fits  a n d  d am ag es , a n d  
so on . T h e se  co m p an ie s  w ou ld  buy  p o w er fro m  th e  G ian t Pow er tra n s 
m ission co m p an ie s  in th e  sam e m a n n e r  as utilities.

A n o th e r  p a r t  o f  th e  G ian t P ow er p lan  (subtle , b u t n o t lost o n  th e  h o ld in g  
co m p an ies) p e r ta in e d  to  th e  in te rs ta te  transm ission  o f  pow er. P incho t a n d  
C ooke  d e p lo re d  th e  o p p o r tu n ity  th a t la rg e  u tilities an d  h o ld in g  com p an ie s

,n Giant Power Survey, pp. 4-8.
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h ad  lo  o p e ra te  o u ts id e  th e  ju r isd ic tio n  o f  th e  s la te  a n d  fed e ra l gov e rn m en ts . 
T h e  fed e ra l g o v e rn m e n t h a d  n o t yet e n a c te d  leg isla tion  re g u la tin g  th e  
in te rs ta te  flow o f  e lec tric ity , a n d  th e  s la tes  fo u n d  it f ru s tra tin g  lo  reg u la te  
a u tility  o r  h o ld in g  c o m p a n y  w hose a ctiv ities e x te n d e d  bey o n d  th e ir  political 
b o u n d a rie s . A m o n g  o th e r  p ro v is io n s, th e  p ro p o se d  G ian t P ow er leg islation 
called  fo r  P en n sy lv an ia  to  m ak e  pacts w ith o th e r  s ta les  lo  re g u la te  in te rs ta te  
e lec tric  tran sm iss io n  a n d  th e re b y  avo id  th e  q u es tio n  o f  fed e ra l ju r isd ic 
tio n .S7

T h e  G ian t P ow er p lan  h a d  lo  be p re s e n te d  to  th e  P ennsy lvan ia  leg is la tu re  
in th e  fo rm  o f  bills, a p ro cess  th a t w ou ld  pub lic ize  th e  u tilities ' o p position . 
P incho t p ro b ab ly  an tic ip a te d  th e  o p p o s itio n : h e  m ay even  have  ex p ec ted  
d e fe a t in th e  leg is la tu re ; b u t h e  lo oked  b ey o n d  it to  th e  n a tio n a l im pact 
th e  pub lic ity  a t te n d a n t  u p o n  th e  in tro d u c tio n  o f  th e  leg isla tion  a n d  th e  
p u b lica tio n  o f  th e  len g th y  Report o f  the G iant Power Survey Board  w ould 
hav e .38 (P in ch o l c o n s id e re d  G ian t P ow er to  be  a n a tio n a l issue, a n d  he 
h im se lf  was th o u g h t  o f  as a likely c a n d id a te  fo r  n a tio n a l po litical office). 
S ince b o th  P in ch o t a n d  C o o k e  w ere  e x p e rie n c e d  pub lic ists, th e  p re sen ta tio n  
o f  G ian t P ow er to  th e  leg is la tu re— a n d  to  th e  p eo p le— was im pressive  in 
its p e rsu as iv en ess . T h e  a rg u m e n ts  w en t b e y o n d  techn ica l de ta il a n d  beyond 
th e  d ry  s ta te m e n ts  o f  leg isla tive  advocacy .

In  h is m essage  o f  tra n sm itta l o f  th e  G ian t P o w er re p o r t ,  P incho t com 
p a re d  th e  e lec trica l su p p ly  rev o lu tio n  lo  th e  s team  rev o lu tio n . “Steam ," 
P in ch o t w ro te , “m ig h t well say o f  e lec tric ity , ‘O n e  m ig h tie r  th a n  I com eth , 
th e  la tch e t o f  w hose  sh o es I am  n o t w o rth y  to  u n lo o se .’ ”39 S team  pow er 
h ad  c h a n g e d  th e  face o f  th e  e a r th ,  th e  g o v e rn o r  be lieved , b u t its p o ten tia l 
fo r  th e  g o o d  o f  all th e  p e o p le  h ad  b een  le ssen ed  by th e  con flic t betw een  
cap ita l a n d  lab o r a n d  by th e  u n p la n n e d  c h a ra c te r  o f  th e  in d u s tr ia l revo 
lu tio n . T h e  U n ited  S tates especially , h e  c o n tin u e d , h a d  b e n e fite d  from  
s team , g a in in g  th e  h ig h es t ra tio  o f  m ech an ica l p o w er to  c itizen  in th e  w orld , 
b u t if  e lec tric ity  w e re  u sed  fo r  all th e  p e o p le , it w ou ld  b r in g  a n  even  h ig h e r 
s ta n d a rd  o f  living. P in ch o t w an ted  every  h o m e  to  have  e lec tric  ligh t, h eat, 
a n d  lab o r-sav in g  ap p lian ces ; he  w an ted  every  fa rm  to  have  electric ity  for 
m ilk ing , feed  cu ttin g , w ood saw ing , a n d  a m u ltitu d e  o f  o th e r  o n e ro u s  tasks. 
H e  called  fo r e lec tric ity  to  be g e n e ra te d  in such  a way a n d  in such  places 
th a t th e  c ities w ou ld  be free  o f  th e  n u isan ce  o f  s m oke  a n d  ash . H e  forecast 
th a t e lec tric ity  w ou ld  e ffec t th e  su b s titu tio n  o f  g a rd e n  cities fo r  s lum s, small 
in d u s tr ia l c o m m u n itie s  fo r  g a rg a n tu a n ,  ch ao tic  cities, a n d  w ould  b ring  
a b o u t a r e tu rn  to  th e  c o u n try s id e .

P in ch o l believed  th a t th e se  d ev e lo p m e n ts  w ou ld  be possib le  on ly  if  the  
sp re a d in g  n e t o f  e lec tric  p o w er co u ld  be b ro u g h t u n d e r  pub lic  con tro l. 
P o in tin g  o u t th a t th e  in te rc o n n e c tio n  o f  u tilities h ad  a lread y  m ad e  reg ional 
system s a reality , lie p re d ic te d  th e  d ev e lo p m e n t o f  a n a tio n w id e  g rid . G rids 
in te g ra te d  p o w er u n d e r  c e n tra l  c o n tro l as s team  n e v e r  h ad  been  ab le  to. 
P in ch o l fo resaw  th e  g ro w th  o f  te chno log ica l system s; he  also p re d ic te d  that 
c en tra liz ed  financ ia l a n d  business  system s w ould  co n tro l a n d  m onopo lize

”  Ibid, pp. 9-10.
,B Pinchni in Cooke, 18 February 1925. and Cooke to Pinchol. 20 April 1925, Cooke Papers 

(Group <10. Box 35. File 391).
,u Giant Power Sunity, p. iv.
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th e  techno logy . O n  th e  g o o d  side , e lectric  po w er was capab le  o f  sh o w erin g  
u p o n  th e  p eo p le  “g ifts o f  u n im ag in ab le  b eau ty  a n d  w o rth ."  “O n  th e  bad  
s ide ,"  P incho t o b se rv ed , “it is as th o u g h  an  e n c h a n te d  evil sp id e r  w ere 
h a s te n in g  to  sp re a d  his w eb o v e r  th e  w hole  o f  th e  U n ited  S tates a n d  to 
co n tro l a n d  live u p o n  th e  life o f  o u r  peo p le ." '10

T h e  evil sp id e r  was th e  m o nopo lis tic  u tility  fin an c ie r, a n d  th e  ne t was 
th e  sp re a d in g  h o ld in g  co m p an y . G o v e rn o r  P incho t h ad  no  d o u b t th a t a 
u n ified  e lectrical m o n o p o ly  e x te n d in g  th ro u g h o u t  th e  n a tio n  was inevitab le  
an d  close at h a n d . T h e  only  q u es tio n  was w ould  a selfish  few  co n tro l it o r 
w ould  th e  p eo p le  reg u la te  it. I f  th e  u tilities w ould  n o t co o p e ra te  in public 
r e g u la tio n , th e n  c o n tro l th ro u g h  public  o w n ersh ip  was th e  o n ly  a lte rn a tiv e . 
G ian t Pow er, th e  g o v e rn o r  a rg u e d , p ro v id ed  fo r  pub lic  reg u la tio n ; it ac
c ep ted  p riv a te  o w n ersh ip . “As Pennsy lvan ia  a n d  th e  N atio n  dea l w ith elec
tric  p o w er,"  h e  co n c lu d ed ,

. . .  so shall we and ou r descendants be free men, masters o f ou r own destinies 
and ou r own souls, o r we shall be the helpless servants o f the most widespread, 
far-reaching, and penetrating monopoly ever known. Either we must control 
electric power, o r its masters and owners will control us."1

M orris  C o o k e , a lso no  m ean  m as te r o f  rh e to r ic , let th e  g o v e rn o r  p a in t 
w ith a b ro a d  b ru sh ; C o oke  m aste rfu lly  de sc rib ed  th e  techno logy  a n d  eco
nom ics o f  G ian t Pow er so th a t th e  in te llig en t laym an co n c e rn e d  a b o u t public 
policy co u ld  u n d e rs ta n d  a n d  su p p o r t  it. C ooke  p robab ly  saw th e  task o f 
w in n in g  o v e r  th e  u tility  en g in e e rs  a n d  m an ag e rs  as an  exerc ise  in futility . 
H e  se ttled  in s tead  fo r  th e  H e n ry  S tim sons, th e  W illiam  A llen  W hites, a n d  
th e  C h a rle s  W. Eliots. C o oke  a p p e a le d  to  th e  in te llec tua ls a n d  th e  elitist 
re fo rm e rs  a n d  took  little h eed  o f  th e  im pac t o f  his reco m m en d a tio n s  u p o n  
vested  in te re s ts  in  th e  u tility  fie ld .

In  his sec tion  o f  th e  1925 re p o r t ,  C ooke rec o m m e n d e d  th a t th e  ex isting  
u tilities e lim in a te  th e ir  g e n e ra tin g  p lan ts  as these  becam e obso le te  a n d  th a t 
they  u ltim ate ly  lim it them selves to  d is tr ib u tin g  e lectric ity  b o u g h t w holesale 
fro m  th e  G ian t P ow er c o m p an ies . P incho t said th is in  g en e ra l te rm s; C ooke 
was succinct a n d  b lu n t. As fo r th e  g en e ra tin g  sta tions th en  o p e ra tin g , if 
they  w ere  e ffic ien t, they  w ould  be u sed  fo r  peak  loads; if  they  w ere in e f
fic ien t, they  w ou ld  sim ply  be e lim in a ted . (C ooke d id  n o t ind ica te  th e  fate  
o f  th o se  w ho h a d  ex p ec ted  a lo n g -te rm  re tu rn  on  th e ir  in v estm en t in these 
po w er p lan ts .)42

C ooke  also e m p h as ized  b y -p ro d u c t recovery  fro m  coal a t m in e -m o u th  
p lan ts  (see Fig. X I.5). Boldly, he reco m m en d ed  th e  use o f  20 ,000  tons o f  
b itu m in o u s  coal each  day  by co m b in ed  by -p ro d u c t recovery  p lan ts  an d  
500 ,000-kw . elec tric  po w er p lan ts. As a p reced en t, he cou ld  cite on ly  th e  
la rg est coal d is tilla tion  p lan t in th e  U n ited  S tates, th e  C la irlon  h igh -tem - 
p e ra tu re  d is tilla tion  p lan t o f  th e  U.S. Steel C o rp o ra tio n , w hich p ro v id ed , 
a m o n g  o th e r  p ro d u c ts , coke fo r blast fu rn aces a n d  gas fo r  stee l-w ork ing  
fu rn aces . H e  assum ed  a d e m a n d  fo r th e  la rge  a m o u n ts  o f  a m m o n iu m  
su lfa te , benzol, ta r ,  gas, coke, a n d  o th e r  substances th a t th e  G ian t Pow er 
p lan ts  w ould  p o u r  u p o n  th e  m arke t. B ecause c o n su m p tio n  o f  th e  w orld 's

<0 Ibid, p. xii.
■" Ibid, p. xiii.
«  Ibid, pp. 36. 42.
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Figure XI. J. Giant Power project: Pretreating bituminous coal to derive by-proilucts before burning residue in mine-mouth power plants. From 
Gianl Power Survey, p. 104.

p e tr o le u m  r e s o u r c e s  w as e x p e c te d  to  b e  r a p id , h e  a lso  su g g e ste d  th at oil 
a n d  g a so lin e  b e d e r iv e d  fro m  c o a l d is t il la t io n .43 C o o k e  m a y  h a v e  h e a r d  o f  
th e  d e c is io n  o f  th e  I. G . F a rb e n  C o m p a n y  in G e r m a n y  to  in v es t h e a v ily  in 
a p ro c e ss  fo r  p r o d u c in g  g a so lin e  fro m  c o a l: b o th  h e  a n d  I. G . F a rb e n  
a n t ic ip a te d  p e tr o le u m  sh o r ta g e s , u n a w a r e  as  th e y  w e r e  o f  th e  im m e n se  oil 
f ie ld s  th at w o u ld  he fo u n d  in th e  s o u th w e ste rn  U n ite d  S ta te s  w ith in  se v e ra l 
y e a rs .

C o o k e  a n t ic ip a te d  th e o b je c t io n  fro m  u tility  e n g in e e r s  th at th e  c o a l-m in 
in g  r e g io n s  la c k e d  an  a d e q u a te  s u p p ly  oT c o o lin g  w a te r . G e n e r a l ly  it w as 
a g r e e d  th at an  e le c tr ic  p o w e r  sta tio n  n e e d e d  at least 4 0 0  to n s o f  c o o l w ate r  
to  c o n d e n s e  th e  steam  e x h a u s t e d  fro m  tu rb in e s  fo r  e a c h  ton  o f  c oa l u sed  
in p r o d u c in g  th e  ste a m  fo r  th e  tu rb in e s . T h e c u s to m a r y  w ay  o f  o b ta in in g  
c o o lin g  w a te r  in  P e n n sy lv a n ia  in th e  tw en ties  w as to  s itu a te  p o w e r  p lan ts 
o n  la r g e  r iv e r s  o r  o n  tid e w a te r . T h e  A lle g h e n y  w as o n e  o f  th e  few  r iv e rs  
in th e  c o a l-m in in g  d istr ic ts  o T e a ste r n  P e n n sy lv a n ia  th at h a d  s u ffic ie n t  su m 
m e r  How to c o o l G ia n l P o w e r  p la n ts . C o o k e  r e c o m m e n d e d  th at d a m s  be 
b uilt to p ro v id e  th is w a te r  in slack  t im e s. T h e  d a m s , h e  a r g u e d , w o u ld  a lso  
se rv e  as a m e a n s  o f  f lo o d  c o n tro l a n d  w o u ld  p ro v id e  a m o re  r e g u la r  su p p ly

”  Ibid, p. 33.
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o f  w ater fo r  w aste a n d  sew age d isposal. In  ad d itio n  to  d am s— a n d  h e re  he 
w en t fa r  bey o n d  A m erican  p rac tice— h e  u rg e d  th e  c o n s tru c tio n  o f  m a m 
m o th  co o lin g  tow ers, w hich allow ed a g iven  a m o u n t o f  w ater to  be c ircu la ted  
th ro u g h  th e  c o n d e n se rs , coo led  in th e  tow ers by th e  a tm o sp h e re , a n d  c ir
c u la ted  o n ce  ag a in  th ro u g h  th e  c o n d en se rs . H e  called  a tte n tio n  to  the  
p rac tice  in E u ro p e , especially  a t C o lpa-Z schornew itz  a n d  T r a t te n d o r f  in 
G e rm an y , w h e re  p o w er p lan ts  w ith coo ling  tow ers n e e d e d  w ater on ly  to 
m ak e  u p  fo r loss d u e  to  ev a p o ra tio n .44

As a y o u n g  s tu d e n t o f  fo re stry , P incho t h ad  o b serv ed  how  E u ro p ean s  
h u sb a n d e d  th e ir  lim ited  forests, a n d  he u rg e d  s im ila r ways u p o n  reso u rcc- 
rich  a n d  p ro f lig a te  A m erican s. It is n o t c lea r w h e th e r  C ooke  rea lized  tha t 
by r e fe r r in g  to  E u ro p e a n  p re c e d e n ts  in e lec tric  p o w er p rac tices  such  as th e  
coo lin g  tow ers  he , too , was a sk ing  th a t th e  tech n iq u es o f  a re so u rc e -sh o rt 
reg io n  be a d a p te d  in o n e  accu sto m ed  to  an  a b u n d a n c e  o f  reso u rces . H e 
d id  n o t explic itly  ackn o w led g e  th a t in E u ro p e , especially  in G e rm an y , m ine- 
m o u th  p lan ts  a n d  co o lin g  low ers w ere loca ted  w h ere  low -hea t-va lue  coal, 
b row n-coa l (lign ite), was b e in g  ex p lo ited , a fuel th a t was too  low in calorics 
to  be tra n s p o r te d  because  o f  th e  h ig h  w e ig h t-to -ca lo ric -con ten t ra tio .4* T h e  
p o w er p la n t m oved  to  th e  fue l; th e  fuel d id  n o t m ove to  th e  site o f  pow er- 
p la n t co o lin g  w a te r  a n d  load . C o o k e  p re se n te d  E u ro p e a n  p re c e d e n ts—ju s t 
as h e  r e f e r r e d  to  th e  A m erican  p re c e d e n t in h igh -vo ltage  transm ission  in 
C a lifo rn ia— sim ply  as a d v an ced  tech no logy  sh ow ing  th e  way o f  th e  fu tu re . 
T h e  su b tle ty  o f  su itin g  tech n o lo g y  to  fac to r e n d o w m e n t m ay have been  
lost on  h im .

C ooke, like P in ch o t, was g rea tly  c o n c e rn e d  ab o u t th e  fa rm e rs ' lack o f  
access to  e lec tric ity  (see Fig. X I.6). C ooke  show ed  th a t o f  202 ,250  fa rm s in 
P ennsy lvan ia , on ly  12,452 w ere  es tim a ted  to  have public  u tility  service. (H is 
estim a te , he  w ro te , was h ig h e r  th a n  th a t m ad e  by th e  u tilities.) N early
2 0 ,000  fa rm s  h ad  e i th e r  th e ir  ow n elec tric  p lan t o r  gas p lan t, b u t th a t left 
171,581 fa rm s w ith o u t m o d e rn  m ean s o f  illu m ina tion  in th e  second  decad e  
o f  th e  tw en tie th  c e n tu ry .46 (Som e o f  th ese  fa rm s w ere A m ish , how ever, 
a n d  in th o se  in stan ces electric ity  was re fu sed  fo r  cu ltu ra l reasons.) T h e  
m a jo r rea so n  so m any  fa rm s w en t u n se rv ed  was th a t th e  utilities w ould  no t 
invest in th e  d is trib u tio n  lines n e e d e d  a n d  w ould  n o t levy ra te s  s im ila r to 
those  they  c h a rg e d  th e ir  in d u s tr ia l custom ers . B ecause fa rm s w ere w idely 
sca tte re d , in v es tm en t in th e  n ecessary  d is trib u tio n  facilities was re latively 
h igh  c o m p a re d  to  th e  cost o f  se rv in g  u rb a n  c u sto m ers , a n d  p artia lly  because  
o f  th is th e  fa rm e rs  w ere c h a rg e d  ra tes  like those  o f  re s iden tia l o r  ligh tin g  
co n su m ers  in th e  cities. L ike P in ch o t’s p lan , C o o k e ’s p ro p o sa l fo r solving 
th is p ro b lem  in c lu d ed  m u tu a l co m p an ie s  an d  d is tric t u tilities, b u t it also 
called  fo r  utilities to  allocate  as m uch  as 5 p e rc e n t o f  th e ir  c u r re n t  an n u a l 
cap ita l e x p e n d itu re s  to  ru ra l e lec trifica tion . In  ad d itio n , C ooke w an ted  
low er ra tes  w hich w ould  e n c o u ra g e  increased  c o n su m p tio n . C o o k e ’s re c 
o m m en d a tio n s  becam e m o re  sign ifican t w ith h in d sig h t fo r  he  was ap-

■‘■'On ihc problem o f cooling, see also August Ulinann, Jr ., "The Influence of Water on 
the Location of Giant Power Plants," Annals o f the American Academy of Political and Social Science 
118 (1925): M I-48 .

n  In 1924 Cooke sent O. M. Rau. an engineer who was assisting him on the Giant Power 
project, to Europe to observe the electric supply practices followed there.

‘"'Giant Power Survey, pp. 37 ff.
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Figure X1.6. Areas of Pennsylvania within economical range of existing electric supply, c. 1920: only 50 percent were served. From Gianl Power 
Survey, p. 39.

p o in te d  h e a d  o f  th e  R u r a l  E le c tr ific a t io n  A d m in is tr a t io n  u n d e r  th e N ew  

D ea l.
S o m e  o f  th e  u tilit ie s ' r e sp o n se s  to  th e  id e a  o f  G ia n t  P o w e r  w e r e  sh rill. 

O n e  e n g in e e r  la b e le d  C o o k e ’s id e a s  c o m m u n is t ic .47 R e p re s e n ta t iv e  o f  a 
m o re  ra t io n a l re a c t io n  fro m  th e  u tilit ie s  w as a 1 9 2 5  a d d r e s s  b y  C h a r le s  

P e n r o s e .48 In  c o n tr a s t  to  C o o k e , w h o s e  te ch n ic a l a c h ie v e m e n ts  w e re  lim ite d , 
P e n r o s e , an  e le c tr ic a l e n g in e e r  fro m  P rin c e to n , h a d  w o rk e d  as  a n  e lec tr ica l 
e n g in e e r  fo r  th e  P h i la d e lp h ia  E le c tr ic  C o m p a n y  a n d  w as its e n g in e e r  in 
c h a r g e  o f  e r e c t io n  o f  S c h u y lk ill N o . 2  S ta t io n  in 1 9 1 4 - 1 9 1 5 .  F r o m  19 2 0  
h e  h a d  b e e n  a s s is ta n t g e n e r a l  m a n a g e r  o f  th e  p ro m in e n t  P h i la d e lp h ia  c o n 
su lt in g  e n g in e e r in g  f ir m  o f  D ay  &  Z im m e rm a n n . M e w as, in 19 2 5 ,  c h a ir m a n  
o f  th e  P u b lic  R e la t io n s  S e c tio n  o f  th e  P e n n sy lv a n ia  E le c tr ic  A sso c ia tio n  (the 
tr a d e  a s so c ia t io n  o f  th e  sta te ’s u tilitie s) a n d  a m e m b e r  o f  th e  P u b lic  R e la tio n s  
E x e c u t iv e  C o m m itte e  o f  th e  N a t io n a l E le c tr ic  L ig h t A sso c ia tio n  (th e tra d e  
asso c ia t io n  o f  u tilit ie s  n a tio n w id e ) .

17W. S. M urray, teller lo editor. Electrical World 85 (1925): 5 13. Murray, a consulting 
engineer, had another scheme for large power stations and high-voltage transmission, lie  
called his plan Superpower. It was lo cover the northeastern U nited Stales.

■•"Charles Penrose, "Power in Pennsylvania" (Address before the Hydro-Electric Confer
ence, Philadelphia, Pa., 10 March 1925): o ffprint in Cooke Papers (G roup 40. Box I99, Hie 
labeled “Propaganda").



A d d ress in g  e n g in e e rs  in co n fe ren ce  in P h ilad e lp h ia , P en ro se  s tru c k  two 
responsive  ch o rd s : (1) an  e x p e rie n c e d  e n g in e e r  o p te d  fo r rea so n ab le  p ro g 
ress fro m  a so u n d  base o f  e x p e rien ce ; a n d  (2) e n g in e e rs  h ad  th e  re s p o n 
sibility o f  in fo rm in g  th e  pub lic  ab o u t so u n d  policy in o rd e r  to  save it fro m  
th e  reck less v e n tu re s  o f  po litic ians a n d  o th e r  laym en tre a d in g  on  th e  e n 
g in e e rs ’ g ro u n d .  H e  also insisted  th a t techno log ical c h an g e  sh o u ld  n o t play 
fast a n d  loose w ith vested  in te re sts , w hich to  h im  w ere econom ic  ones, a n d  
th a t in d u s tr ie s  sh o u ld  n o t subsid ize  fa rm e rs  a n d  resid en tia l co n su m e rs  by 
allow ing  th em  to  be c h a rg e d  ra tes  c o m p arab le  to  w hat th e  in d u s tr ie s  paid .

In  a revea lin g  re m a rk , P en ro se  labeled  G ian t P ow er tech no logy  “ rad ical."  
T o  an  ex p e rie n c e d  a n d  p ru d e n t  e n g in e e r  it was rad ical because  th e  len g th  
a n d  voltage levels o f  th e  transm ission  lines p ro p o se d  h ad  n o t been  th o r 
o u g h ly  p ro v e n  in p rac tice  a n d  b ecause th e  500 ,000-kw . p o w er a n d  by
p ro d u c t p lan is  w ere  un rea listica lly  la rg e  fo r  th e  m in e -m o u th . P en ro se  also 
q u e s tio n e d  th e  w isdom  o f  m ak in g  in d u s tria l Pennsy lvan ia  p o w er p lan ts  
d e p e n d e n t  u p o n  th e  m in in g  d is tr ic t’s lim ited  su p p ly  o f  coo ling  w a te r (dam s 
p ro b ab ly  cou ld  n o t co m p en sa te  fo r  d ro u g h ts )  o r  u p o n  coo ling  tow ers. A r
tificial co o ling  in A m erica  h ad  been  lim ited , he  re p o r te d ,  to  in sta lla tions 
less th a n  o n e - te n th  th e  size o f  G ian t Pow er p lan ts. H e  also d o u b te d  th e  
co m m o n  sen se  o f  a p ro p o sa l th a t w ould  have all o f  e a s te rn  Pennsy lvan ia  
re ly in g  on  3 00-m ile -long  tran sm issio n  lines. (Reliability o f  serv ice m ean t 
m o re  th a n  low er ra te s  to  m any  in d u s trie s .)  T h e  electrical u tilities in P e n n 
sylvania, P e n ro se  in sis ted , w ere m o v in g  ah e a d  a t a rea so n ab le  ra te  in th e ir  
e f fo r t  to  in te rc o n n e c t system s, ra ise  transm ission  voltages, a n d  im p ro v e  
d iversity  a n d  load  fac to rs. P ennsy lvan ia , h e  observed , was a p ro sp e ro u s  
sta te , a n d  P h ilad e lp h ia  was “th e  W o rk sh o p  o f  th e  W o rld .”

P ennsy lvan ia 's  utilities also a ttra c te d  cap ita l because they  w ere recogn ized  
as be in g  p ru d e n tly  m a n a g e d  a n d  p ro fitab le . P en ro se  c learly  sp o k e  fo r those 
w ho h ad  invested  in th e  utilities w hen  he  said:

When we reflect upon the immense investment represented in generating 
capacity operating today in the electric public utility systems in Pennsylvania, we 
will appreciate why such a proposal must merit the closest economic scrutiny.
This is self-evident because o f the intimate relationship, in Pennsylvania as 
elsewhere that exists between the financial stability o f the electric utilities and the 
financial stability o f Industry, Manufacture, and indeed Business itself with the 
Stale. You may be the judges as to whether the proposal (I quote), "our service 
companies will be relieved o f the necessity for providing generating stations," is 
to say the least startling!49

H e also asked  sh rew d ly  if  th e  a u th o rs  o f  th e  G ian t Pow er p lan  h ad  c o n 
sid e red  w hat m ig h t be th e  reac tion  o f  in d u stria l co rp o ra tio n s  th a t h ad  
alread y  invested  heavily in su p p ly in g  th e  coal by -p ro d u ct m ark e t th a t G ian t 
P ow er p lan ts  w ould  en te r .

A fte r  a tta ch in g  th e  label “a n o th e r  u to p ia "  to  G ian t Pow er, P en ro se  e n d e d  
his a d d re ss  by a sk ing  th e  e n g in ee rs  to  take responsib ility  fo r  th e  fu tu re  o f  
th e  s ta te  o f  P ennsylvania  by see ing  to  it th a t th e  public  “shall know  w hat 
a re  th e  facts."  T h e re  seem s to  have been  no  d o u b t in his m ind  th a t his 
in fo rm e d  analysis, based  as it was u p o n  p ru d e n t e n g in e e r in g  prac tice  a n d  
so u n d  econom ic  p rinc ip les , p ro v id ed  those "facts."
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49 Ibid., p. 4.
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T h e  h is to ry  o l 'lh e  G ian t P ow er p ro p o sa ls  in  th e  Pennsy lvan ia  leg is la tu re  
involved  c o m m ittee  h e a r in g s  a n d  re fo rm u la tio n s . O n e  m a jo r ch an g e  was 
a re t re a t  fro m  th e  initia l p o s ition  th a t g e n e ra tin g , tran sm issio n , a n d  d is
tr ib u tio n  co m p an ie s  sh o u ld  be se p a ra te  en tities . T h e  fa te  o f  th e  bill was 
finally  d ec id ed  in J a n u a ry  a n d  F e b ru a ry  1926 a t a jo in t  h e a r in g  h e ld  by 
th e  C o m m itte e  o n  C o rp o ra tio n s  o f  th e  S en a te  a n d  th e  M a n u fa c tu re rs  C o m 
m ittee  o f  th e  M ouse o f  R ep re sen ta tiv e s . A dvoca tes  a n d  o p p o n e n ts  o f  G ian t 
Pow er w ere  o n  h a n d  to  tes tify .51’

T h e  s tra te g y  o f  th e  b ill’s o p p o n e n ts  h ad  b een  in d ica ted  by P en ro se ; o th e rs  
o f fe re d  v a ria tio n s u p o n  h is th em es . T o  su b s ta n tia te  th e  a rg u m e n t that 
G ian t P ow er was u n rea lis tic , rad ica l te ch n o lo g y , th re e  w ell-know n p ro fe s 
sional en g in e e rs , P ro fe sso r  A r th u r  E. K ennelly , P ro fe sso r Paul M. L incoln, 
a n d  H a ro ld  B uck, w ere  called  to  testify . T h e y  h a d  b een  sen t to  th e  h ea rin g  
by th e  A m erican  E n g in e e r in g  C o uncil a t th e  re q u e s t o f  th e  jo in t  c om m ittee . 
T h e  th re e  said  th a t they  d id  n o t re p re s e n t  th e  counc il b u t w ere o n  h an d  
as e x p e r ts  to  o f fe r  o p in io n s  a n d  p re se n t facts. T h e ir  facts a n d  o p in ions 
t u rn e d  o u t to  b e  ju s t  a b o u t th e  sam e.

H a ro ld  B uck  sp o k e  firs t a n d  s ta ted  th e  c o n se n su s .51 A c o n su ltin g  en g i
n e e r  fro m  N ew  Y ork  C ity, h e  d e c la re d  th a t h e  r e p re s e n te d  n o  o n e  but 
h im se lf. In  th e  past, how ever, he  h ad  b een  em p lo y ed  by th e  G e n e ra l E lectric 
C o m p an y  a n d  h ad  se rv ed  as an  e lec trica l e n g in e e r  fo r  th e  N iag a ra  Falls 
P ow er C o m p a n y  b e fo re  e n te r in g  p riv a te  p rac tice  a n d  e n g a g in g  in th e  d e 
sign  a n d  c o n s tru c tio n  o f  la rg e  h y d ro e lec tric  a n d  p o w e r tran sm iss io n  sys
tem s th ro u g h o u t  th e  co u n try . E ch o in g  P en ro se , B uck  to ld  th e  leg isla tu re  
th a t to  s u p p o r t  G ian t P ow er was to  ta m p e r  reck lessly  w ith a successful 
in d u s try , th e  p ub lic  utilities in Pennsy lvan ia . T h a t  w hich  was so u n d  abou t 
th e  G ian t P ow er p lan  was a lread y  b e in g  p u t in to  p rac tice  by th e  utilities, 
he  n o te d : in te rc o n n e c tio n  fo r th e  ex c h a n g e  o f  su rp lu s  po w er; econom ically  
p ru d e n t  ru ra l e lec trifica tio n ; lo a d -fa c to r  in creases; a n d  im p ro v e m e n ts  in 
th e  econom ics o f  g e n e ra tio n . O th e r  aspec ts  o f  G ian t P ow er tech n o lo g y  had  
n o t b een  a n d  w ou ld  not be a d o p te d  by utility  e n g in e e rs  because , Buck 
a rg u e d ,  they  w ere  p re p o s te ro u s . H e  called  th e  leg is la to rs’ a tte n tio n  to  the  
electrical system s o f  C a n a d a  a n d  G re a t B rita in  as e x am p le s  o f  th e  balefu l 
in f lu en ce  o f  g o v e rn m e n t c o n tro l a n d  re g u la tio n . (O th e rs  a t th a t tim e  he ld  
u p  th e  public ly  o w n ed  O n ta r io  reg io n a l system  as a m o d e l fo r th e  U n ited  
S tates to  follow .) A fte r  h e a r in g  B u ck ’s re m a rk s , th e  sp o k esm an  fo r  G ian t 
P ow er a sked  B uck if  he  h a d  ev e r  a p p e a re d  as an  e x p e r t  w itness in  a public  
c o n tro v e rsy  o th e r  th a n  fo r  a p riv a te  c o m p an y . B uck reca lled  tw o such  
occasions.

P ro fe sso r A r th u r  K ennelly  was well know n  even  to  laym en. H e  h ad  been  
a p rin c ip a l ass is tan t to  E d ison  a t th e  W est O ra n g e  L ab o ra to ry  fo r  ab o u t 
seven  years a n d  h ad  se rv ed  G en e ra l E lectric  a n d  o th e r  co m p an ie s  as a 
co n su ltin g  e n g in e e r , re s id in g  fo r  a lim e  in P h ilad e lp h ia . S u b seq u en tly  he 
h ad  becom e p ro fe s so r  o f  e lectrical e n g in e e r in g  at th e  M assachusetts In sti
tu te  o f  T e c h n o lo g y  a n d  a t th e  tim e  o f  th e  h e a r in g  he  was a t H a rv a rd . A fte r 
se c o n d in g  B uck 's re m a rk s  a n d  am p lify in g  som e o f  th e m , K ennelly  so u n d ed

,u See Joint Hearing on Giant Power.
*' Ibid., pp. 64-74.



3 1 1 W A R  A N D  A C Q U IR E D  C H A R A C T E R IS T IC S

a re c u r r in g  th em e : “ In  my o p in io n  th e  p re se n t system  is w ork in g  w ell."32 
Me, too , ex p re ssed  th e  view th a t g o v e rn m e n t in te rfe re n c e  r e ta rd e d  th e  
u tilities in d u s try  a b ro a d ; he fea red  th a t in te rfe re n c e  by th e  s ta te  g o v e rn 
m en t— in c o n tra s t to  s la te  reg u la tio n  as g en era lly  p rac ticed — w ould  d ry  u p  
th e  sou rces  o f  n e e d e d  capita l.

P ro fe sso r Paul L incoln , d ire c to r  o f  th e  School o f  E lectrical E n g in e e r in g  
at C o rn e ll, h ad  e a r lie r  w orked  fo r W estin g h o u se  a n d  th e  N iag a ra  Falls 
P ow er C o m p an y . H e  re p e a te d  m any  o f  D uck’s p ro n o u n c e m e n ts  a n d  w ent 
on  to  stress  his co n c e rn  ab o u t th e  stability  o f  a 220 ,000-vo lt tran sm issio n  
line c a rry in g  m o re  th a n  125,000 kva. L ike B uck, he u rg e d  th e  c o n tin u e d  
t ra n sp o r t  o f  coal (energy ) by ra ilro ad  to  po w er p lan ts  r a th e r  th an  th e  
transm ission  o f  e lectric ity  (energy ) from  such  p lan ts  to  th e  load  via h igh- 
vo ltage lines across h u n d re d s  o f  m iles. N o t on ly  was rail m o re  re liab le  b u t 
it was m ore  econom ical, he testified. H e re fe rred  to high-caloric— not brow n— 
coal. In  c ro ss-ex am in a tio n , L incoln  was asked  if  h e  h a d  ev e r  p re p a re d  a 
stu d y  rec o m m e n d in g  th e  use o f  la rge  m in e -m o u th  p lan ts  to  tran sm it po w er 
fro m  th e  Pennsy lvan ia  coal fie lds to  th e  in d u s tria l East. As was e x p ec ted  
in view o f  his tes tim o n y , L incoln  said never. C ounse l fo r  th e  bill th e n  laid 
b e fo re  th e  co m m ittee  a s tu d y  d o n e  by L incoln  in 1919 in w hich he advised  
th a t th e re  was n o  e n g in e e r in g  obstacle  lo  b u ild in g  in th e  Pennsy lvan ia  coal 
fields a 500 ,000-kw . p lan t c ap ab le  o f  220 ,000-voll transm ission . T h e  w itness 
a d m itte d  th a t h is m em o ry  was p o o r  in th is instance ; he  also said  th a t in 
1919 he  h ad  n o t know n  w hat he  knew  in 1925 ab o u t th e  stability  p ro b le m .33

P ro p o n e n ts  o f  th e  G ian t Pow er bill p re se n te d  no  e n g in e e rs  fro m  p riva te  
u tilities o r  e lec trica l m a n u fa c tu re rs , no  en g in e e r in g  p ro fe sso rs , a n d  only 
o n e  co n su ltin g  e n g in e e r— a specialist in coo ling  tow ers, w hich was still an  
in s ign ifican t fie ld  in A m erica . H ow ever, they  d id  have an  im pressive w itness 
in T . A. P an te r, a ssistan t c h ie f  e n g in e e r  o f  th e  Los A ngeles W ater a n d  
P ow er B u re a u , a m u n ic ipa lly  o w ned  utility. S u p p ly in g  th e  city o f  Los A n 
geles w ith a b o u t 70 p e rc e n t o f  its total e n e rg y , th e  b u re a u  p u rc h a se d  a 
su b stan tia l p o rtio n  o f  th is en e rg y  from  th e  privately  ow ned  S o u th e rn  C al
ifo rn ia  E d ison  C o m p a n y ’s tran sm issio n  system . S o u th e rn  C a lifo rn ia  Edison 
d rew  m u ch  o f  th e  p o w er it sold to  th e  m un ic ipa l utility  fro m  h y d roe lec tric  
p lan ts  in th e  S ie rra  N evadas, 250  m iles away. P an te r testified  th a t on  th e  
basis o f  his e x p e rie n c e  w ith service from  th is transm ission  line, he  an tic i
pa ted  th e re  w ould  be no  se rio u s d ifficu lties w ith G ian t Pow er transm ission . 
H e  also s ta ted , c o n tra ry  to  L incoln , th a t he  th o u g h t 125,000 kva. cou ld  be 
tra n sm itte d  w ith o u t stability  p rob lem s on  a 220 ,000-volt lin e .3,1

In  g e n e ra l,  th e  tes tim ony  a n d  cross-exam ina tion  at th e  h e a r in g  p ro 
ceed ed  un em o tio n a lly  a n d  m alier-o f-facily . T h e  excep tion  was an  o ra tio n  
g iven  by a m e m b e r  o f  th e  U.S. C ongress  fo r m any years, Ja m e s  F rancis 
B u rk e  o f  P ittsb u rg h . B u rk e  began  by say ing  tha t a m o re  d a n g e ro u s  a n d  
d es tru c tiv e  se t o f  m easu re s  h ad  n ev er been  p re sen ted  to  th e  leg isla ture . 
H e  th en  w arn ed  th a t if  th e  leg isla tu re  shou ld  ever becom e suffic ien tly  
socialistic to  en ac t G ian t Pow er in to  law, it would also have to  p ro v id e  a 
"b u ria l place fo r  th e  750 ,000 ,000  do lla rs  a lready  invested in good  faith  in

M Ibid., p. 81; Tor Kennedy's testimony in its entirety, sec ibid., pp. 79-83.
** Ibid., pp. 75-79.
M Ibid.. pp. 88-92.
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th e  in d u s try .” G ian l P ow er, h e  sa id , n o t on ly  sm elled  o f  socialism  b u t was 
“p re g n a n t  w ith th e  vicious e le m e n ts  o f  co n fisca tio n .” It was “ false bait fo r 
th e  fa rm e r” a n d  w ou ld  lead  to  o n e -m a n  co n tro l o f  th e  vast in d u s try  by th e  
g o v e rn o r . H e  c losed  by ask in g , “ Is P ennsy lvan ia  to  lead  A m erica  in follow
ing  R ussia in to  th e  d ism al sw am p  o f  co m m erc ia l chaos a n d  Financial d is
aste r?  A re  we to  fo rg e t o u r  F ran k lin s , o u r  W estinghouses, o u r  E disons, 
o u r  S te in m e tzes , a n d  all th e  g en iu se s  w hose n am es lig h t u p  th e  h o rizon  of 
in d u s tr ia l  p ro g re s s? " 35 (T h e  fact th a t S te in m e tz  h ad  ru n  as th e  Socialist 
p a r ly ’s c a n d id a te  fo r  N ew  Y ork  S ta te  E n g in e e r  seem s n o t to  have d is tu rb e d  
B u rk e .)

It is d ifficu lt to  u n d e r s ta n d  w hy B u rk e  was called  to  a p p e a r  b e fo re  the 
c o m m itte e — his a p p e a l d if fe re d  so d ram a tica lly  f ro m  th e  g en e ra l tem p er 
o f  th e  h e a r in g . P e rh a p s  th e  an sw er lies in kn o w in g  m o re  a b o u t th e  m em bers 
o f  th e  co m m ittee . In  an y  case, w h e th e r  m oved  by B u rk e , m o re  reasoned  
d isco u rse , o r  o th e r  c o n s id e ra tio n s , th e  jo in t  c o m m itte e  re jec ted  th e  G iant 
P ow er leg is la tion , re p o r t in g  th e  bills nega tive ly  on  F e b ru a ry  8. T h e  Senate 
su b seq u en tly  c o n c u r re d ; th e  H o u se  n e v e r  b o th e re d  to  re p o r t .

T h e  h is to ry  o f  G ian t Pow er is in stru c tiv e . A t issue was th e  a t te m p t by an  
“e x te rn a l fo rc e ,” th e  P in ch o t ad m in is tra tio n  in P en n sy lv an ia , to  ch a n g e  the 
d ire c tio n  o f  th e  d e v e lo p m e n t o f  th e  e lec tric  lig h t a n d  p o w er in d u s try  in 
th e  U n ite d  S tates. T h e  e f fo r t  fa iled , b u t th e  p ro p o n e n ts  o f  G ian l Pow er 
d o  n o t seem  to  have  u n d e rs to o d  th e  d e e p e r  rea so n s  why. P in ch o t b lam ed  
th e  p o w er o f  a g re a t a n d  g ro w in g  m o n o p o ly  m a s te rm in d e d  by g ian l fi
n anc ia l in te re s ts ; C o oke  sh a re d  th is view a n d  also a t t r ib u te d  th e  fa ilu re  to 
th e  c o n se rv a tism  o f  th e  e n g in e e r in g  es tab lish m en t, an  a t t i tu d e  h e  h a d  s tru g 
g led  ag a in st as a m e m b e r o f  th e  A m erican  Society  o f  M echan ical E n g in eers . 
B oth  m en  gave m o re  c re d it to  th e  in f lu e n c e  o f  h u m a n  will— p e rh a p s  they 
w ould  h av e  p re fe r r e d  to  say h u m a n  m a c h in a tio n s— th a n  to  lo n g -ran g e  
tre n d s  o r  facto rs.

T h e  h is to r ian  can  focus o n  t re n d s , fac to rs, a n d  th e  m o m e n tu m  o f  a large 
a n d  g ro w in g  in d u s try . Ph ilip  P. W ells, P in c h o t’s d e p u ty  a tto rn e y  gen e ra l, 
was n e a re r  to  th e  m a rk  w h en  h e  to ld  th e  jo in t  co m m ittee  th a t in fact the  
u tilities o p p o se d  G ian t Pow er n o t o n  an  e n g in e e r in g  basis b u t because  of 
th e  “ reg u la tio n  a n d  th e  p o o lin g  a n d  th e  fa rm e rs ’ bills.’’56 C h a rle s  P en rose  
a n d  A r th u r  K ennelly  w ere  m u ch  c lo ser to  th e  ro o ts  o f  th e  o p p o s itio n  w hen 
they  called  a tte n tio n  to  th e  heavy  in v es tm en t o f  cap ita l th a t h ad  b een  m ad e  
in th e  ex is tin g  tech n o lo g y  by th e  u tilities a n d  to  th e  possibility  th a t a  schem e 
like G ian t P ow er m ig h t d riv e  aw ay th e  in vesto rs  w ho w ere  fin an c in g  th e  
o rd e r ly  d e v e lo p m e n t o f  th e  in d u s try . T h e y  w ould  have  b een  even  n e a re r  
th e  m ark  if  th ey  h ad  g o n e  o n  to  say th a t G ian l P ow er w ou ld  sh ift th e  
a u th o rity  a n d  resp o n sib ility  o f  p re s id in g  o v e r th e  g ro w th  o f  e lec tric  light 
a n d  p o w er system s fro m  th e  en g in e e rs , m an ag e rs , a n d  o w n ers  o f  th e  ex 
isting  utilities to  th e  new  m en  o f  th e  G ian t P ow er system . P in ch o t an d  
C o oke  w ere  n o t s im ply  p ro p o s in g  a rad ica l te chno logy ; they  w ere p ro p o s in g  
rad ica l c h a n g e  in th e  d e e p e s t sense  o f  th e  w ord . T h e y  w ere calling  fo r a 
sh ift in po w er, an  eco n o m ic  rev o lu tio n .

”  Ibid., pp. 54. 56, 59. 
“ Ibid., p. 30.
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By th e  m id -1920s th e  su p e rp o w e r  a n d  G ian t Pow er m o v em en ts  h ad  losi 
m o m e n tu m . T h e  w artim e  sp irit o f  im pe ra tiv e  in n o vation  h ad  g iven way to 
a m o re  conserva tive  a tt i tu d e . A m erica ’s u tilities p ro c e e d e d  with in te rc o n 
n ec tion , b u t n o t in acco rd an ce  w ith a m aste r g o v e rn m e n t sch em e  fo r an  
e n tire  sta le  o r  reg io n . T h e  vision o f  p la n n e d  social rev o lu tio n  th ro u g h  
tech n o lo g y  gave way to  th e  lo n g -s tan d in g  co n fid en ce  th a t p riv a te  e n te rp r is e  
a n d  A m erican  techno log ica l g en iu s  w ould  b rin g  p ro fil a n d  p ro g re ss .

T h e  p lan  fo r  G ian t P ow er in th e  U n ited  S tates h ad  p ro v id ed  fo r gov 
e rn m e n t  p la n n in g  a n d  co n tro l a t th e  sta te  level, a n d  th e  re su ltin g  ideological 
conflic t h ad  b een  betw een  s ta te  g o v e rn m e n t a n d  p riv a te  e n te rp r is e . In  
G e rm a n y  a f te r  th e  w ar a n o th e r  bo ld  p lan  fo r  g o v e rn m e n t reo rg an iza tio n  
o f  e lec tric  su p p ly  was ad v an ced . T h e re  th e  ideo logical conflic t dev e lo p ed  
betw een  th e  c e n tra l a n d  s la te  g o v e rn m e n ts , n o t betw een  p riv a te  a n d  public 
pow er. T h e  c e n tra l,  so c ia lis t-d o m in a ted  g o v e rn m e n t passed  an  e lec trifi
cation  law in D ecem b er 1919, w hen  th e  d is ru p tiv e , u n co n v en tio n a l, e x 
tre m e  e n v iro n m e n t o f  w artim e  was still m o tiv a tin g  rad ical actions. O n  8 
A u g u s t 1919 th e  R eich T re a su ry  M inister W ilhelm  M ayer h ad  p re se n te d  
to  th e  G e rm a n  N a tiona l A ssem bly at W eim ar th e  g o v e rn m e n t’s p roposa l 
fo r es tab lish in g  a u n ified  e lec tric  su p p ly  system  fo r  all o f  G e rm an y . M ayer 
m ad e  his p ro p o sa l u n d e r  th e  g en e ra l p rovision  o f  th e  S ocialization Law 
passed  by th e  N a tio n a l A ssem bly  on  23 M arch  1919. P a ra g ra p h s  2 a n d  4 
o f  th is law e m p o w e re d  th e  R eich g o v e rn m e n t to  socialize, w ith c o m p e n 
sa tion , u n d e r ta k in g s  th a t e x p lo ited  n a tu ra l resou rces , especially  coal and  
w ater po w er, to  d ev e lo p  en e rg y  fro m  them . T h e se  u n d e rta k in g s  w ere lo 
be in te g ra te d  in to  a na tio n a l eco n o m y .57

T h e  Reich g o v e rn m e n t th o u g h t th a t a u n ified  G erm an  system  o f  supp ly  
w ould  solve severa l p re ss in g  p rob lem s. By increased  utilization  an d  ex 
pan sio n  o f  ex is tin g  c en tra l G e rm a n  brow n-coal a n d  so u th  G e rm a n  hy
d ro e lec tr ic  p o w er p lan ts , a n d  th ro u g h  ad d itio n a l co n s tru c tio n  o f  these, the  
g o v e rn m e n t h o p e d  to  re lieve a po stw ar coal sh o rta g e  re su ltin g  fro m  th e  
loss o f  h a rd -co a l (Steinkohle) m ines u n d e r  th e  te rm s o f  th e  T re a ty  o f  V er
sailles a n d  fro m  sh o r te r  w ork in g  h o u rs  a n d  low er p ro d uctiv ity  in th e  m ines. 
T h e  g o v e rn m e n t, as n o te d , a lso faced th e  p ro b lem  o f  f in d in g  a m ark e t fo r 
th e  la rge-capac ity  p o w er p lan ts  th a t h ad  been  built d u r in g  th e  w ar to  m eet 
special w artim e  m a n u fa c tu r in g  needs, such  as a lu m in u m  re f in in g  a n d  n i
tro g e n  fixa tion . C o n s tru c tio n  o f  h igh -vo ltage  transm ission  system s w ould 
m ak e  possib le  in peace tim e  th e  d is trib u tio n  o f  e lectricity  from  these  very 
la rg e  p lan ts  o v e r  a w id e r m ark e t a rea . A la rg e  a rea  o f  d is tr ib u tio n  w ould 
also b r in g  a d iv ers ified  load  a n d  th e  essential h igh  load fac to r fo r  these  
la rg e , cap ita l-in ten siv e  plan ts.

In te n t u p o n  u tiliz ing  th e  brow n-coal deposits  o f  G erm an y , th e  govern -

57 T he discussion o f llic 1919 proposal for the socialization o f  electric supply in Germany 
is based on T reasury Minister Wilhclnt Mayer's address o f 8 August 1919; sce E. Ilcilfron, 
cd., Die Deutsche Nalionalversammlung im Jahre 1919 [un</ / 920\. vol. 7 (Berlin; Norddeutsclic 
Buchdruckerci utul Vcrlagsanstali. n.d.). pp. 509-21. The account of the effort to establish 
an all-German system is based on Thomas I’. Hughes, "Technology as a Force Tor Change 
in History: T he Effort lo Form a Unified Electric I'ower System in Weimar Germany," in 
Induslrielles Syslem und politische Entwicklung in der Weimarer Republic, cd. H. Mommsen. D. 
Pctzina. and B. Wcisbrod (Diisschloi f: Droste. 197-1). pp. 153-66.
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m en l. fo r  rea so n s o f  eco n o m y , fa v o red  h ig h -v o ltag e  tran sm issio n  supply . 
B ecause it is h igh  in ca lo rific  value, h a rd ,  o r  s to n e , coal— th e  p rinc ipa l 
so u rce  o f  th e rm a l en e rg y  u sed  by G e rm a n  p o w er p lan ts  b e fo re  W orld  W ar
I is re la tively  econom ica l to  tra n s p o r t  by ra ilro a d . F o r th is rea so n , ha rd -
coal e lec tric  p o w er p lan is  in th e  R u h r  reg io n  a n d  e lsew h ere  w ere  built nea r 
u rb a n  o r  in d u s tr ia l c e n te rs  w h e re  th e  d e m a n d  fo r e lec tric ity  was co n cen 
tra te d  a n d  heavy. By co n tra s t ,  b ro w n  coal, h av in g  a low caloric  co n te n t, is 
u neco n o m ica l to  t ra n s p o r t .  F o r th is rea so n , p o w er p lan ts  u sin g  b row n  coal 
w ere bu ilt at th e  m in e  site a n d  th e  e n e rg y  h a d  to  be tra n sm itte d  to  u rb an  
c en te rs  via h ig h -v o ltag e  tran sm iss io n  lin e s .5”

A sh o rta g e  o f  h a rd  coal, th e  p ro b lem  o f  la rg e  p o w er p lan is  d e p riv e d  of 
th e ir  w artim e  m ark e ts , th e  availab ility  o f  b ro w n  coal, a n d  th e  ex is tence  of 
w a te r-p o w er re so u rces  in so u th e rn  G e rm a n y  w ere  so m e  o f  th e  special c ir
cum stan ces th a t sh a p e d  th e  Reich g o v e rn m e n t’s p lan . T h e  g e n e ra l ob jec
tives o f  h ig h e r  load  fac to r a n d  h a rm o n io u s  o p tim iza tio n  o f  v aried  p lan t 
cha rac te ris tic s  a lso w ere  co n d itio n in g  fac to rs . F o r in stan ce , th e  g o v e rn m e n t 
a ssu red  so u th  G e rm a n  h y d ro e lec tr ic  u tilities  th a t in te rc o n n e c tio n  w ith th e r 
m al p lan ts  e lsew h ere  in th e  R eich w ou ld  a s su re  a r e g u la r  su p p ly  o f  elec
tric ity  in th e  so u th  d u r in g  lim es o f  re la tive  d ro u g h t .  C o rre sp o n d in g ly , 
e lec tric ity  g e n e ra te d  by th e rm a l p lan ts  in o th e r  reg io n s  co u ld  be su p p le 
m e n te d  by excess ch e a p  h y d ro e le c tr ic  su p p ly  a t th e  p o in t o f  o rig in . T h e  
g o v e rn m e n t’s p ro p o sa l was p re se n te d  as a h igh ly  ra tio n a l m ean s  o f  using 
G e rm a n  re so u rces  to  su p p ly  e lec tric ity  e ffic ien tly  a n d  ch eap ly  to  all of 
G e rm an y .

T h e  R eich ’s p lan  fo r na tio n a liza iio n  was d e sc r ib e d  as m o d e ra te  a n d  flex
ible. E m phasis  was p laced  on  th e  co n s tru c tio n  o f  a h ig h -v o ltag e  netw ork  
o f  tran sm issio n  lines by th e  Reich g o v e rn m e n t;  all lines above  5 0 ,0 0 0  volts 
w ould  be R eich -ow ned . E lectric ity  w ou ld  be  fed  in to  th is a ll-G e rm an  pool, 
o r  ne tw o rk , by p o w er p lan is  th ro u g h o u t  G e rm a n y . E lectric ity  w ould  be 
d is tr ib u te d  at low er vo ltages to  local c e n te rs  in all o f  G e rm a n y  a n d  from  
th ese  to  c o n su m e rs— u rb a n , in d u s tr ia l,  ru ra l ,  a n d  railw ay. T h e  R eich w ould 
ga in  c en tra liz ed  c o n tro l o v e r all m a jo r p o w er p lan ts  by a c q u ir in g  m ajority  
stock in th em  o r  by p u rc h a s in g  th em  o u tr ig h t ,  b u t sla te  a n d  local g o v e rn 
m en ts  w ould  be u rg e d  to  s h a re  in  slock o w n e rsh ip  as well. T h r o u g h  cen 
tra lized  c o n tro l, th e  Reich w ou ld  e x p a n d  a n d  in te rc o n n e c t in d iv id u a l p lan is 
as well as ex is tin g  o r  en v isag ed  reg io n a l system s. In  1919 th e  la tte r  inc luded  
th e  R hein isch -W esifa lisches E lek triz ila tsw erk  (R W E) system , a m ix ed  p ri
vate  a n d  lo c a l-g o v e rn m en t e n te rp r is e ;  E lek tro w erk e  A G  (EW A G ), a Reich 
system ; a n d  th e  p ro je c te d  B ay e rn w erk , a B avarian  s ta le  e n te rp r is e . In  his 
a rg u m e n t b e fo re  th e  N a tiona l A ssem bly , T re a s u ry  M in is te r M ayer em 
phasized  th e  Reich g o v e rn m e n t’s d e s ire  to  sh a re  o w n e rsh ip  w ith th e  p ro 
vincial g o v e rn m e n ts  a n d  to  be adv ised  by th em  in fu lfillin g  th e  p lan . He 
co m p a re d  th e  e lec trif ic a tio n  p lan  to  th e  p ro p o sa l by F ried rich  L ist, a cen 
tu ry  e a rlie r, fo r a u n ified  railw ay system  in G e rm a n y ; M ayer co n fiden tly  
p red ic ted  th a t th e  accep tan ce  o f  th e  p lan  by th e  N a tiona l A ssem bly  a n d  its 
successfu l fu lfillm en t w ould  d e m o n s tra te  to  th e  w orld  th e  vitality o f  the

' “ (»real Britain. Foreign Ollice and Ministry of Economic W arfare. Economic Advisory 
Branch. Economic Survey of Germany. Section D: Fuel. Power, and Public Utility Services (London.
IIMSO, 1944), p. 45.
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new  G erm an y . T h e  law p ro v id in g  fo r th e  socialization  o f  e lec tric ity  was 
e n a c te d  on  31 D ecem b er 1919.

T h e  new  law was n e v e r  im p le m e n te d , h ow ever. A n ad v iso ry  c o m m ittee  
was c h a rg e d  w ith th e  re sp onsib ility  o f  c a rry in g  o u t its p ro v is io n s by p r e 
p a r in g  d e ta ile d  p lan s a n d  p ro c e d u re s . T h e  co m m ittee , w hich  in c lu d ed  
m em b ers  f ro m  th e  R eich a n d  sta te  g o v e rn m e n ts , as well as fro m  mixecl- 
o w n e rsh ip  a n d  p r iv a te  co m p an ie s , m et w ith o u t p rac tica l re su lt. T h e  in ac
tivity o f  th e  co m m ittee  f ru s tra te d  th e  p lan s o f  th e  vario u s e lec tric  su p p ly  
u n d e r ta k in g s , fo r  th e se , n o t kno w in g  w hat co u rse  o f  ac tion  la te r  m ig h t be 
d ec id ed  u p o n  by th e  co m m ittee , w ere  re lu c ta n t to  act a t all. U n d e r  th e se  
c o n fu se d  co n d itio n s , D r. A . Ju liu s  C u rliu s  o f  th e  E conom ic  M inistry  re 
sp o n d e d  in 1926 to  O sk a r  von  M ille r’s su g g estio n  th a t th e  R eich g o v e rn 
m e n t a u th o r iz e  a n d  s u p p o r t  th e  p re p a ra tio n  o f  a te chn ica l r e p o r t  o n  th e  
p re se n t a n d  fu tu re  c o n d itio n  o f  e lec tric  su p p ly  in G e rm an y . V on  M iller 
be lieved  th a t a r e p o r t  filled w ith in fo rm a tio n  a b o u t th e  te ch n o lo g y  a n d  
econom ics o f  system atic  e lec tric  su p p ly  m ig h t p ro v e  to  be a basis on  w hich 
a u n ified  e lec tric  su p p ly  s t ru c tu re  co u ld  be e re c te d . A n e m in e n t B avarian  
e n g in e e r , von M iller, w ho h a d  successfu lly  p la n n e d  reg io n a l e lec tric  su p p ly  
system s ( in c lu d in g  th e  B a y e rn w erk  in B avaria), h a d  p ro v e n  h im se lf  a d e p t 
in fo rm u la tin g  p lan s  th a t r e sp o n d e d  to  th e  p a r tic u la r  in te re s ts  o f  p riv a te  
a n d  g o v e rn m e n t-o w n e d  utilities a n d  to  th e  p rin c ip a l ob jectives o f  a u n ified  
system .

V on M ille r’s re p o r t ,  Gulachten iiber die Reichselektrizitatsversorgung, was 
p u b lish ed  in 1930. I t  was b ased  o n  an  analysis a n d  p ro jec tio n  o f  d e ta iled  
in fo rm a tio n  h e  h a d  o b ta in e d  by q u e s tio n n a ire  fro m  G e rm a n  e lec tric  su p p ly  
u n d e rta k in g s . V on  M iller en v isag ed  a h ig h -tran sm iss io n  r in g , o r  Ringlei- 
tung, o f  2 0 0 ,0 0 0 -3 8 0 ,0 0 0  volts g a th e r in g  a n d  d issem in a tin g  e lectric ity  
th ro u g h o u t  th e  c o u n try  (see Figs. X I.7 a n d  X I.8). T h e  Ringleitung  w ould  
b r in g  th e  b en e fits  o f  h ig h e r  load  fac to r, op tim iza tio n  o f  varied  p o w er-p lan t 
charac te ris tic s , a n d  co o rd in a tio n  th ro u g h  c e n tra l co n tro l. V on M iller c ir 
cum spec tly  ad v ised  th a t  th e  ob jective m ig h t be ach ieved  in several ways, 
such  as leg isla tion  o r  v o lu n ta ry  c o o p e ra tio n . H is re p o r t ,  h ow ever, b ro u g h t 
n o  p rac tica l re su lt  d u r in g  th e  W eim ar years; his b io g ra p h e r  w rites th a t th e  
reg im e  d id  n o t have  th e  “p o w er a n d  will” to  ove rco m e  th e  o p p o s itio n  to  
it.59

O th e r  e x p la n a tio n s  w e re  g iven  fo r th e  fa ilu re  o f  p lans fo r  an  a ll-G erm an  
g r id , a n d  they , too , em p h as ized  G e rm a n  paroch ia lism . In  1935 a p u b li
ca tion  o f  th e  W irts c h a flsg ru p p e  E lek triz ita tsv e rso rg u n g  d e r  R eich sg ru p p e  
E n e rg iew irtsch a ft d e r  d e u tsc h e n  W irlschaft (E lectric S u p p ly  Section  o f  th e  
G e rm a n  E n e rg y  G ro u p  o f  th e  G e rm a n  E conom y) (W EV ) a sse rted  th a t th e  
fru itless  e n d e a v o rs  to  fo rm  a u n ified  e lec tric  su p p ly  system  in G e rm a n y  
cam e to  an  e n d  only  in 1933 w ith th e  tr iu m p h  o f  th e  N a tiona l Socialists, a 
reg im e , th e  W EV  be lieved , w hich  h ad  th e  s tre n g th  to  o v e rco m e  p a ro c h i
alism , o r  p a rticu la rism , a n d  o th e r  obstru c tio n is t fac to rs .60 M ore  recen tly ,

“ Wilhelm L. Krisll. Der weiss-blaue Despot (Munich: Pflaum. n.d.), p. 274.
®° W irtschafugruppc Eleklriziiatsvcrsorgung tier Keichsgruppc E ncrgiew irischafl tier 

deutschen W irlschafl (WEV), Die Elektrititdlsiuirtschafl im deutschen Reich. 193J (Berlin, n.d.), 
p. I I.
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Figure X I.7. Oskar van Miller s proposed 
220,000-volt grid system for Germany 

From Oskar von Miller. 
Rcirhsclcktri/.ilals-Vcrsorgiing (1930).

plan 21.

Figure XJ.8. F.stimated loads for summer and winter days in Bavaria (right bank of the Rhine). 1935: Cities (Stiidtc); rural districts 
(Landbe/.irkc); industry (Industrie); railway (Bnlui). From Oskar von Miller, Rcirhsclrktii/it;iis-V eisoigiing (1930), plan 2.
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a G e rm a n  so u rc e  a t tr ib u te d  th e  W eim ar R epub lic 's  fa ilu re  to  th e  d iv e rse  
c o n te n d in g  in te re s ts  o f  a m idd le -c lass s ta te , a p a rticu la rism  th a t was su s
ta in ed  by a co m p lex  eco n o m ic  s t ru c tu re  invo lv ing  p riv a te , co u n ty , s ta te , 
a n d  R eich o w n e rsh ip  o f  p o w er p lan ts .61

D u rin g  th e  W eim ar period , th e  relative im p o rtan ce  o f  g o v ernm en t-ow ned  
a n d  m ixed  g o v e rn m e n t-  a n d  p r iva te ly  o w n ed  p o w er p lan ts  g rew  rap id ly . 
In  1928, 57.3 p e rcen t o f  G erm any 's  pow er-p lan t capacity was publicly ow ned; 
28 .9  p e rc e n t was c o n tro lle d  by m ixed  g o v e rn m e n t-  a n d  p r iva te ly  ow n ed  
co m p an ie s ; a n d  on ly  13.8%  was p r iva te ly  o w n ed .62 T h e  g o v e rn m e n t o w n ers  
in c lu d ed  th e  s la tes , cities, co u n tie s , a n d  th e  Reich. P ro p o n e n ts  o f  a u n ified  
system  g en e ra lly  a g re e d  th a t th e  no n -R eich  g o v e rn m e n t o w n ers  a n d  th e  
p riv a te  cap ita lis ts  w ere  a t th e  ro o t o f  th e  p a r tic u la r ism  th a t u n d e rm in e d  
th e ir  e ffo rts . A n  A m erican  a u th o r ity  also c o n c lu d e d  th a t th is o w n e rsh ip  
s tru c tu re ,  s u p p o r tiv e  as it was o f  reg io n a lism , was a  p r in c ip a l fac to r b locking  
th e  fu lf illm e n t o f  such  p lan s fo r  u n ifica tio n  as von M iller’s.63 As a c o n su ltin g  
e n g in e e r  a n d  as a m e m b e r  o f  th e  B avarian  p a r lia m e n t, O sk a r  von M iller 
h ad  s tru g g le d  o n  b e h a lf  o f  la rg e , u n if ie d , e ffic ien t system s o f  su p p ly  fo r 
m an y  years. D u r in g  th a t tim e  h e  h a d  becom e in tim ate ly  a c q u a in te d  w ith 
th e  d iv e rse  in te re s ts  th a t m ig h t be, o r  fe a re d  they  w ou ld  be, adverse ly  
a ffec ted  by th e  c re a tio n  o f  a u n if ie d  su p p ly  system . W ritin g  in  1926 o n  th e  
p ro b lem s o f  th e  G e rm a n  e lec tric  su p p ly  in d u s try , h e  a rg u e d  th a t a ra tio n a l 
p lan  fo r  e ff ic ien t s u p p ly  to  all a re a s  o f  G e rm a n y , ru ra l a n d  u rb a n , in d u s tria l 
an d  a g ric u ltu ra l ,  n e e d e d  to  be  c a rr ie d  o u t irre sp ec tiv e  o f  th e  in te re sts  o f  
vario u s po litical p a r tie s , local g o v e rn m e n ts , a n d  c o m p e tin g  p riv a te  e n te r 
prises. U n d o u b te d ly , w h en  th in k in g  as an  e n g in e e r , h e  te n d e d  to  be im 
p a tie n t w ith th o se  w hose  goal was o th e r  th a n  effic iency . V on M iller, it 
seem s, co n s id e re d  th e  ob jective o f  su p p ly in g  all o f  G e rm an y  w ith low-cost, 
e ffic ien tly  g e n e ra te d  elec tric ity  to  be a ra tio n a l a n d  n o n p o litica l goa l.64

D r. In g . O sk a r  O liven , m e m b e r  o f  th e  Vorstand  (E xecu tive C o m m ittee) 
o f  th e  G ese llsch aft f u r  e lek trisch e  U n te rn e h m u n g e n  L udw ig  Lowe, AG, 
B erlin , a lso a ttr ib u te d  to  n a rro w  political in te re s ts  th e  o p p o s itio n  to  la rge , 
u n if ie d  system s o f  e lec tric  su p p ly . O liven  was well know n  fo r  his advocacy 
o f  a u n if ie d  system  th a t w ou ld  e x te n d  bey o n d  G erm an y  to  in c lu d e  n e ig h 
b o rin g  E u ro p e a n  c o u n tr ie s . In  1930 O liven  believed  th a t th e  o p p o s itio n  o f  
locally o w n ed  G e rm a n  u tilities was so g re a t a n d  th e ir  po litical p o w er in th e  
W eim ar R ep ub lic  was so s tro n g  th a t th e  best tactic fo r  those , like h im self, 
w ho a d v o ca ted  la rg e , ra tio n a l system s was to  seek, th ro u g h  com prom ises , 
sm all, p ro g re ss iv e  steps. O liven , too , believed  th a t his goal o f  effic iency  was

01 See Helga Nussbaum, "Versuche zur reichsgeselzliclicn Regclung der deulschen Elck- 
(rizilatswirlschafl und zu ilircr U bcrfuhrung in Rcicliseigenlum, 1909 bis 1914," in Jahrbueh 
fiir  Wirtschaftsgeschichte (Berlin, 1968), pi. 3, pp. 12 0 - 12 1, who dies Hans-Jonchim Hildebrand, 
Wirtsehaftliche Energieversorgung (Leipzig: D culschcr Vcrlag fur G rundstaffindustrie. 1965), 
I: 45-49.

•* Rol>ert A. Brady, The Rationalization Movement in German Industry (Berkeley: University 
o f California Press, 1933). p. 214.

“  Ibid., p. 229.
“ "A usfuhrungcn dcs Sachvcrslandigcn Dr. O skar von Miller Obcr die derzeil wichtigsten 

Fragcn der EleklrizitStswirtschaft," in Ausschuss zur Untersuchung der Erzeugungs- und Absati- 
bedingungen der deutschen Wirtschafl: Die deutsehe Elektrizitatswirtschafl. . . (Berlin: Mitller, 1930) 
p. 145.
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n o n po lilica l. F u r th e rm o re ,  h e  a ssu m ed  th a t a tech n o lo g y  was p rogressive 
if  it c o n tr ib u te d  lo  la rge-scale  e ffic iency .65

T h e  elec tric  su p p ly  system  in th e  sta te  o f  W iir l te m b e rg  in  1928 m an i
fested  th e  c ha rac te ris tic s  th a t u n d e rla y  G e rm a n y ’s p aro ch ia lism . T h e  reg ion  
was c h a rac te r ized  by n u m e ro u s  d is trib u tio n  system s in close p rox im ity . In 
th e  low lands, la rg e  a n d  sm all cities p re d o m in a te d ,  a n d  th e re fo re  c o m m u n a l 
(lo ca l-g o v ern m en t) sta tio n s o f  v aried  c h a rac te ris tic s  p rev a iled . O v erlan d  
po w er s ta tio n s, how ever, su p p lie d  th e  ru ra l reg io n s  b e tw een  th e  sm all cities. 
B ecause o f  th e  ag ric u ltu ra l eco n o m y  a n d  th e  .absence o f  heavy  in d u stry  
such  as chem ical p lan ts , a w idely d isp e rse d  p o p u la tio n  u sed  electric ity  in 
such  a way th a t th e  load  fac to r was low in co m p ariso n  to  th e  m o re  heavily 
in d u s tria lized  reg io n s o f  th e  co u n try . E ffo rts  w ere  m a d e  to  con so lid a te  the 
d is tr ib u tio n  system s o f  th e  la rg e  s ta tio n s  a n d  th e  c o m m u n a l p o w er sta tions, 
b u t in th e  la te  tw en ties  th e  e lec tric  su p p ly  system  in W iir tte m b e rg  was “seh r 
ze rsp lil te r t .’’66

T h e  o w n ers  o f  W iir tle m b c rg  (an d  o th e r )  a u to n o m o u s  u tilities, w h e th e r 
lo ca l-g o v e rn m en t o r  p r iva te ly  o w n ed , res is ted  ra tio n a l re o rg a n iz a tio n  be
cause they  fo resaw  v arious c o n seq u en ces  th e  p ro g re ss iv e  e n g in e e rs  had  
o v e rlo o k ed .67 As a re su lt o f  c en tra lized  c o n tro l,  o w n e rs  a n d  m a n a g e rs  of 
ex is tin g  p o w er p lan ts  cou ld  a n tic ip a te  a loss o f  au th o rity . O w n ers  o f  small 
a n d  ineffic ien t p o w er p lan ts  cou ld  rea so n ab ly  e x p ec t th e ir  p lan ts  to  be 
re tire d  fro m  serv ice , a s te p  th a t w ou ld  cau se  th e m  a financ ia l loss, loss of 
a u th o rity , o r  bo th . P ersons w ith vested  in te re s ts  in  p o w er p lan ts  th a t had 
a very h ig h  load  fac to r b ecause  o f  fo r tu ito u s  local c ircu m stan ces  co u ld  look 
fo rw ard  to  hav in g  to  sh a re  th is a d v a n ta g e  w ith  p lan ts  th a t w ere  n o t so 
fo r tu n a te . S im ilarly , p o w er p lan ts  th a t u tilized  en e rg y  w hich was u nusua lly  
co n v en ien t o r  ch e a p  w ould  p ro b ab ly  h av e  to  su p p ly  th is very  c h e a p  pow er 
to  th e  g e n e ra l system  in o rd e r  to  low er th e  o vera ll costs o f  d ra w in g  pow er 
fro m  th e  system . T h e  e n d  resu lt w ou ld  be h ig h e r  costs fo r  local custom ers , 
w hose new  ra tes  w ould  be d e te rm in e d  by system  costs, n o t by th e  costs o f 
th e  local s ta tio n . S im ilarly , th e  system  w ould  p ro b ab ly  su p p ly  p o w er to 
ru ra l reg ions, w h e re  p o w er g e n e ra tio n  w ou ld  be costly  b ecau se  o f  th e  w idely 
d is tr ib u te d  load ; in e ffec t, th e  la rg e  u rb a n  a n d  in d u s tr ia l-a re a  s ta tio n s could 
e n d  u p  su b sid iz in g  ru ra l co n su m ers . These a re  b u t a few o f  th e  changes 
th a t co u ld  be a n tic ip a te d ; these  few , h ow ever, illu s tra te  how  th e  ex isting  
electrical su p p ly  tech n o lo g y  was th e  fo u n d a tio n  fo r  a host o f  po litical and  
econom ic  d e p e n d e n c ie s  th a t w ould  be a lte re d  by th e  su b s titu tio n  o f  a new 
techno log ica l fo u n d a tio n  fo r  th e  ex is tin g  o n e . Such  was th e  n a tu re  o f  p a 
rochialism .

C o n s id e ra tio n  o f  th e se  vested  in te re s ts  suggests  a g en e ra liza tio n  abou t 
th e  n a tu re  o f  te ch no logy : ex is tin g  tech n o lo g ie s  g ive rise  to  b in d in g  nuclei 
fo r  a host o f  d e p e n d e n t  po litical a n d  eco n o m ic  in te re sts . In te rw o v en  with

m Ausftihrungcn des Snclivcrsiiindigcn Dr. Oliven uber die Wirtschaftlichkeil der deulschen 
Elektriziiaisversnrgung." ibid.. p. I9.r>.

“  A usfulirungen des Sachverstandigen Dr. Sicgloch iiber die Eleklrizitatsversorgung des 
Landes W urtlem berg," ibid.. pp. 373-75.

07T he explanations for particularism are derived by analogy Trom Oskar von Millers 
addresses in support o f the W alrhcnsecwcrk and Uayernwerk as printed in Stenographisches 
HericlU fiber die Verhandlungen der Kammer der Reichsrate des bayerischen Landtages, 1908-18; a 
copy of this stenographic record is in the Bavarian Stale Librarv. Munich.
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political a n d  eco n o m ic  in te re s ts  o f  p a r tic u la r  k inds, te ch n o lo g y  is fa r  fro m  
n e u tra l.  L ike o th e r  po litical a n d  econom ic  fo rces, it can  be labe led  as c o n 
serva tive  o r  lib e ra l— o r  even  rad ica l. F u r th e rm o re ,  a cu te  po litic ians, bu si
n essm en , a n d  o th e r  d ec is io n -m ak e rs  can  sen se— even  if  th ey  d o  n o t a r tic 
u la te  th e ir  p e rc e p tio n s— th a t a co n serv a tiv e  tech n o lo g y  will m a in ta in  th e  
ex is tin g  s tru c tu re s  a n d  tre n d s  a n d  th a t liberal o n es  will b r in g  ch an g es  in 
th e  d ire c tio n  o f  societal d e v e lo p m e n t. M anifestly , n u m e ro u s  p e rso n s  w ith 
po litical a n d  eco n o m ic  p o w er in  th e  W eim ar R epub lic  fo resaw  th e  ch an g es  
th a t a u n ified  elec trica l system  w ould  b r in g  a n d  they  o p p o se d  th ese  ch an g es  
on  th e  g ro u n d s  o f  th e ir  p e rso n a l o r  c o rp o ra te  in te re sts . T h e  tech n o lo g y  
o f  u n ified  e lec tric  su p p ly  system s was by no  m ean s  a n e u tra l  tech n o lo g y . 
T h e  d ice  w ere lo ad ed  in fav o r o f  R eich a u th o rity  a n d  a n a tio n a l e conom y.

W orld  W ar 1 also  s tim u la te d  rad ica l th in k in g  in  B rita in  ab o u t th e  p eace 
tim e reo rg a n iz a tio n  o f  e lectrical su p p ly  u n d e r  g o v e rn m e n t d ire c tio n . T h e  
B ritish  h a d  an  a d d e d  in cen tiv e  fo r  b o ld  sch em es b ecause  m an y  believed  
th a t th e ir  su p p ly  in d u s try  was back w ard  c o m p a re d  to  th e  su p p ly  system s 
o f  G e rm a n y  a n d  th e  U n ite d  S lates. E ven b e fo re  th e  w ar e n d e d ,  p a r lia 
m en ta ry  c o m m ittee s  b eg an  to  p ro p o se  g u id e lin es  fo r  p eace tim e  electric ity  
supp ly . A M in istry  o f  R eco n s tru c tio n  co m m ittee  h e a d e d  by L o rd  H a ld a n e  
(w ith c o n s id e rab le  in p u t f ro m  C h arle s  M erz) a n d  tw o B o a rd  o f  T ra d e  
co m m ittees , o n e  h e a d e d  by C h a rle s  P arsons a n d  th e  o th e r  by S ir A rch ib a ld  
W illiam son (w ith M erz as an  in f lu en tia l m em b er), m a d e  sim ila r p ro p o sa ls  
fo r th e  reo rg a n iz a tio n  o f  B rita in ’s e lec tric  su p p ly  in d u s try .68

T h e  H a ld a n e -M e rz  R e p o rt to o k  th e  o ffen siv e  aga inst p a ro ch ia l B ritish  
in te rests :

Parliament was apparently  convinced that the generation and supply o f 
electricity must be dealt with in a big way, though how im portant this would 
become they perhaps hardly foresaw. They were, however, apparently  afraid to 
insist on the amalgamation o f the existing lighting enterprises which, as has been 
shown, were and are still each limited to a few miles o f area instead o f covering, 
as they should, a few counties.69

M erz a n d  o th e rs  b a ttlin g  fo r  reg io n a l su p p ly  h a d  to  f in d  a m ean s o f  ov 
e rc o m in g  P a r lia m e n t’s fear.

T h e  r e p o r t  d e m o n s tra te d  M erz ’s skill in a p p e a lin g  to  B ritish  p r id e .70 
E x p e rien ce  h a d  ta u g h t h im  th a t re o rg a n iz a tio n  o f  th e  e lec tric  su p p ly  in 
d u s try  was a political p ro b le m , so h e  a p p e a le d  to  th e  m ood  o f  a p eo p le  
c o n c e rn e d  ab o u t n a tio n a l surv ival. H e e q u a te d  th e  w artim e  s tru g g le  lo r  
surv ival w ith th e  s tru g g le  th a t w ould  inevitab ly  follow in peace tim e— th e  
ceaseless s tru g g le  to  m a in la in  in d u s tr ia l su p rem acy . T h e  essence  o f  his logic

“ G reat Britain, Ministry of Reconstruction. Reconstruction Committee, Coal Conservation 
Sub-Committee, Interim Report on Electric Power Supply in Great Britain (London: HMSO. 1918) 
(hereafter cited as H aldanc-Merz Report): G reat Britain, Board o f T rade . Electric Power 
Supply Committee. Electric Power Supply (London: HMSO. 1918).

“ Haldane-M erz Report, p. 15; italics added.
70 For another example, see Charles II. Mcrz. "Electrical Power Distribution." Engineering 

102 (1916): 262-63, where he wrote: "Proceeding on these lines [high-voltage distribution 
for the compact industrial districts o f England] we shall not be merely copying America or 
Germany—we shall be doing something that is right for England because it is England, because 
England is radically d ifferent from o ther countries as regards the technical development and 
layout necessary to secure cheap power."
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was syllogistic: th e  w o rld 's  le ad in g  in d u s tr ia l p o w er ex p lo its  th e  m ost a d 
vanced  en e rg y  tech n o lo g y ; th e  m ost a d v an ced  en e rg y  tech no logy  is reg ional 
electric ity  su p p ly ; a n d  th e re fo re ,  in o rd e r  lo  lead , E n g lan d  m ust ad o p t 
reg io n a l su p p ly . T h e  r e p o r t  illu s tra ted  a n d  p ro v id e d  ev idence  fo r this 
a rg u m e n t by r e fe r r in g  to  th e  h ig h e r  level o f  use o f  e lec tric  po w er p e r 
w o rk e r in th e  U n ited  S la tes; th e  vital new  in d u s tr ia l p rocesses  involving 
electric ity  in N orw ay, S w ed en , a n d  G erm an y ; a n d  th e  la rg e r  su p p lies  of 
h yd roe lec tric ily  availab le  lo  o th e r  in d u s tr ia l na tio n s. T h e  conc lusion  to  be 
d raw n  was obvious: p a ro ch ia l in te re s ts  h ad  to  give way to  n a tio n a l p r io r
ities.71

F or its p a r t ,  th e  B o a rd  o f  T ra d e  a p p o in te d  C h a rle s  P arsons, th e  steam - 
tu rb in e  in v e n to r  a n d  m a n u fa c tu re r ,  to  h e a d  its “C o m m ittee  on  E lectrical 
T ra d e s  a f te r  th e  W ar.” T h e  re sp onsib ility  o f  th is co m m ittee  was to  re p o rt 
o n  th e  sta te  o f  B rita in ’s e lectrical m a n u fa c tu re rs  a n d  su p p ly  u tilities. T h e  
c o m m ittee  co n c lu d e d  th a t th e  b ackw ard  s ta te  o f  th e  la tte r  h ad  caused  the 
d e p re s se d  co n d itio n  o f  th e  fo rm e r. T h e  P arso n s c o m m ittee , like H a ldane  
a n d  M erz, view ed th e  e lec tric  su p p ly  in d u s try — bo th  th e  utilities a n d  the 
m a n u fa c tu re rs — as a key to  n a tio n a l s t r e n g th .72 A m a jo r  rea so n  fo r the 
fa ilu re  o f  th e  B ritish  su p p ly  in d u s try  to  d e v e lo p  as successfu lly  as its A m er
ican a n d  G e rm a n  c o u n te rp a r ts  was th o u g h t to  be vested  in te re s ts  a n d  po 
litical c o n s tra in ts  re su ltin g  fro m  th e  “co n v en tio n a l co n cep tio n s  o f  public 
p r iv ilege"  re p re s e n te d  by P a rliam en t a n d  th e  local a u th o r it ie s .73 T h e  public 
p riv ileges to  w hich  th e  co m m ittee  r e f e r r e d  in c lu d ed  p ro te c tio n  against 
m o n o p o ly  a n d  aga inst en v iro n m e n ta l n u isan ce  a n d  h a z a rd , such  as ov er
h ead  wires. C o n s id e r in g  bo th  th e  m a n u fa c tu r in g  a n d  su p p ly  e n d s  o f  the 
in d u s try , th e  co m m ittee  d ec la red  th a t th e  w ar h ad  d e m o n s tra te d  th a t n o th 
ing  less th a n  th e  w ell-being  o f  th e  e m p ire  d e p e n d e d  o n  th e  large-scale 
e m p lo y m en t o f  e lectric ity  in in d u s tr ia l p ro d u c tio n . R e fe rr in g  o f te n  to  G e r
m any  as a m odel, th e  c o m m ittee  co n c lu d e d  th a t th e  absen ce  o f  a close 
a lliance b e tw een  B rita in 's  in d u s tr ia l ban k s a n d  its la rge-sca le  e lectrical m an 
u fa c tu re rs  (a m a jo r  ex p la n a tio n  fo r th e  a d v an ced  s ta te  o f  e lec trifica tio n  in 
G e rm an y ) h ad  h a n d ic a p p e d  th e  e lec tric  su p p ly  in d u s try  in B rita in .74

In  1917 th e  W illiam son  co m m ittee  took  h eed  a n d  c o n c lu d e d  th a t B rita in  
n e e d e d  to  d o  m o re  th a n  in te rc o n n e c t ex is tin g  utilities; it n e e d e d  lo  develop  
a c o m p re h e n s iv e  system  fo r  th e  g e n e ra tio n  o f  e lec tric ity  a n d  th e re fo re  to 
re o rg a n iz e  th e  e n tire  su p p ly  sy stem .75 T h e  co m m ittee  called  fo r th e  estab
lish m en t o f  d is tric t e lec tric ity  b o a rd s  to  co n so lid a te  e lec tric ity  g en e ra tio n  
a n d  p ro v id e  reg io n a l tran sm issio n  by p u rc h a s in g  th e  m ost e ffic ien t o f  the 
ex is tin g  p o w er p lan ts  a n d  by co n s tru c tin g  new  la rge-scale  p lan ts  a n d  high- 
vo ltage tran sm issio n  system s. D istrib u tio n  was to  be left lo  th e  existing  
u tilities, w h e th e r  p riva te ly  o r  public ly  ow n ed . T h e  b o a rd s  w ere to  be n o n 
p ro fit, m ix ed -o w n ersh ip  c o rp o ra tio n s  set u p  o u ts id e  th e  civil serv ice and

71 I laldanc-Merz Report, pp. 4, 7. and 8.
77 Grcal Britain. Board o f T rade , Departmental Com mittee. Report of the Departmental Com

mittee Appointed by the Board of Trade to Consider the Position of the Electrical Trades after the War
(London, IIMSO, 1918). p. 5.

75 Ibid.. p. 4.
^  Ibid., p. 7.
”  Board ol Trade, Electric Power Supply, p. I .
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o w n ed  in m ost cases by pub lic  bodies, such  as local g o v e rn m e n ts , b u t also 
by p riv a te  e n te rp r is e s , such  as th e  p riv a te  p o w er co m p a n ie s .76 B rita in ’s six 
h u n d re d  o r  so e lec tric  su p p ly  u tilities w ould  in tim e be c o o rd in a te d , o r  in 
m any  in stances e lim in a ted , by th e  new  d is tric t system s. T h e  co m m ittee  also 
en v isaged  th e  c re a tio n  o f  a sm all b o a rd  o f  e lectric ity  co m m issio n ers  to  lake 
o v e r  re g u la tio n  o f  th e  su p p ly  in d u s try  fo r  th e  B o a rd  o f  T ra d e .

T h e  re c o m m e n d a tio n s  o f  th e  P arso n s a n d  W illiam son co m m ittee s , w hich 
re p re se n te d  a c ross section  o f  es tab lish ed  political a n d  in d u s tr ia l  views, 
w ere  n o t ac ted  u p o n  u n til a f te r  th e  s ig n in g  o f  th e  p eace  in 1918. Peace, 
h ow ever, b ro u g h t a m u lin g  o f  th e  values th e  ex igenc ies  o f  w ar h ad  s tim 
u la ted . V ested  p r iv a te  a n d  pub lic  in te re s ts  th a t h ad  b een  w illing to  re lin 
qu ish  a u th o rity  to  th e  n a tio n a l g o v e rn m e n t in th e  in te re s t o f  c e n tra l co 
o rd in a tio n  looked  o n ce  ag a in  to  th e  n u r tu r e  o f  p riv a te  a n d  local au to n o m y . 
Even th o u g h  th e  sch em es o f  th e  ce n tra l g o v e rn m e n t h ad  o rig in a te d  with 
techn ica l a n d  m a n a g e ria l p ro fe ssio n a ls  like C h a rle s  M erz a n d  W illiam  
M cL ellan— in sh o rt,  w ith p r iv a te  in d u s try — in th e  m in d s o f  m an y  th ey  now 
re p re s e n te d  g o v e rn m e n t in te rv e n tio n . O n e  d is se n te r  fro m  th e  ch o ru s  o f 
c o m m ittee  m e m b e rs  ca lling  fo r  d is tric t electric ity  b o a rd s  a n tic ip a te d  th e  
co n serva tive  reac tio n  to  a rad ica l re o rg a n iz a tio n  o f  B rita in ’s e lec tric  su p p ly  
in d u s try  w hen  h e  in sisted  th a t s ta te  co n tro l w ou ld  lead  to  sta te  m a n a g e m e n t, 
an d  th a t sta le  m a n a g e m e n t was in h e re n tly  u n so u n d .77

T h e  leg isla tion  th a t e m e rg e d  in re sp o n se  to  th e  H a ld an e -M erz , P arsons, 
a n d  W illiam son r e p o r ts  r e p re s e n te d  a co m p lex  co m p ro m ise  betw een  in 
n ovative w artim e  co n cep ts  a n d  p eace tim e  reac tio n . T h e  E lectric ity  S upp ly  
A ct o f  1919 le ft fu lfillm en t o f  th e  g e n e ra l reo rg a n iz a tio n  sch em e to vol
u n ta ry  ac tion  on  th e  p a r t  o f  ex is tin g  u tilities a n d  to  th e  p o w er o f  pe rsu asio n  
th e  elec tric ity  c o m m issio n e rs  co u ld  b r in g  to  b ear. T h e  idea o f  d is tric t e lec
tric ity  b o a rd s  to o k  th e  fo rm  o f  jo in t e lectric ity  au th o rit ie s  (JEA s, an  o r 
gan iza tio n a l c o n cep t b o rro w e d  in p a r t  fro m  G e rm a n  p ractice). T h e se  cou ld  
be estab lish ed  u n d e r  th e  1919 law if  an d  w h en  th e  au th o riz e d  u n d e r ta k e rs  
(p riv a te  a n d  p u b lic  u tilities) in  a d is tric t chose  to  d o  so. T h e  u tilities w ithin 
a d is tric t co u ld  tu rn  o v e r  to  th e  JE A  all o r  a n y  o n e  o f  th e  pow ers  th e  u tilities 
he ld  fo r su p p ly in g  electric ity . F u r th e rm o re ,  th e  u tilities cou ld  tra n s fe r  to  
th e  JE A  th e ir  p la n t, tran sm issio n , a n d  d is tr ib u tio n  facilities. In  sh o rt,  th e  
JE A  w ou ld  be g iven  th e  re sponsib ility  fo r  co o rd in a tin g  a n d  d e v e lo p in g  th e  
d is tr ic t’s su p p ly  o f  e lectric ity  if  th e  ex is tin g  utilities so d e c id e d .78

O n  th e  n a tio n a l level, five electric ity  com m issioners  w ere to  be ap p o in te d  
by th e  B oard  o f  T ra d e ,  th e  g o v e rn m e n t d e p a r tm e n t  th a t h ad  re g u la te d  
an d  a u th o riz e d  electric ity  su p p ly  since th e  1880s. T h e  E lectricity  S upp ly  
A ct o f  1919 s la ted  th a t th e  electric ity  com m issioners  sh o u ld  exerc ise  th e  
pow ers c o n fe r re d  u p o n  th em  by th e  law, b u t th a t they  “shall act u n d e r  th e  
g en e ra l d ire c tio n s  o f  th e  B o a rd  o f  T ra d e ."  S om e re fo rm e rs  w ho advoca ted  
m o re  rad ical re o rg a n iz a tio n  h ad  w an ted  th e  com m issioners  p laced  u n d e r  
th e  ju r isd ic tio n  o f  a d e p a r tm e n t  o th e r  th a n  th e  B oard  o f  T ra d e ,  w ith w hich 
th e  h is to ry  o f  B rita in ’s electric ity  su p p ly  was closely associated . T h e  g en e ra l 
ch a rg e  g iven  th e  com m issioners  was p ro m o tio n , re g u la tio n , a n d  su p erv is ion

70 Manual), Electricity Before Nationalisation, pp. 65-66.
77 lliid., p. 66.
7* Electricity Supply Acl o f 1919, 9 Sc 10 Geo. 5. ch. 100, fi 6.
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o f  th e  su p p ly  o f  e lec tric ity  as p ro v id e d  by th e  severa l e lec tric  lig h tin g  acts. 
T h e  law spec ified  th a t th re e  o f  th e  co m m issio n ers  sh o u ld  be fu ll-tim e o f
ficers a n d  th re e  sh o u ld  be se lec ted  fo r  th e ir  p rac tica l, com m erc ia l, and  
scien tific  k n o w led g e .79

T h e  th ird  m a jo r  p ro v is io n  o f  th e  1919 ac t s tip u la ted  th a t th e  electricity  
co m m issio n ers  co u ld  d e s ig n a te  e lec tric ity  d is tric ts  a f te r  h o ld in g  a local in 
qu iry  a n d  p ro v id in g  a m p le  o p p o r tu n ity  fo r adv ice fro m  a n d  consu lta tion  
w ith all p a rlie s  c o n c e rn e d — pub lic , p riv a te , a n d  la rg e  co n su m er. T h e  in ten t 
was to  estab lish  su p p ly  reg io n s  th a t h ad  g o o d  load  d iversity , h ig h e r  load 
fac to rs, an  eco n o m ic  m ix  o f  g e n e ra tin g  sta tio n s, a n d  a c o o rd in a te d  and  
econom ica l system  o f  tran sm iss io n  a n d  d is tr ib u tio n . T h e se  reg io n s w ould 
n o t be co ex tensive  w ith ex is tin g  elec tric ity  d is tric ts . T h e  electric ity  com 
m issioners  w ou ld  have  th e  p o w e r to  re q u ire  th a t utilities facilita te  c o o rd i
n a tio n  by s ta n d a rd iz in g  th e  type  o f  c u r r e n t ,  f re q u en cy , a n d  voltage they 
used . T h e  B o a rd  o f  T ra d e ,  h ow ever, co u ld  e x e m p t utilities w hen  it decided  
th a t co m p lian ce  w ith such  an  o rd e r  en ta ile d  u n re a so n a b le  e x p e n se .80

Even th o u g h  th e  1919 leg isla tion  left u ltim a te  p o w er o v e r  th e  u tilities in 
th e  h an d s  o f  th e  B o a rd  o f  T r a d e  a n d  its g e n e ra l m o d e  was v o lu n ta ry  action 
a n d  p e rsu as io n , th e  reac tio n  ag a in st it was im m e d ia te  a n d  su b stan tia l. T h e  
lo c a l-g o v e rn m en t utilities h ad  hab itu a lly  o p p o se d  re o rg a n iz a tio n  p lans that 
w ould  c re a te  e lectric ity  su p p ly  on  a scale la rg e r  th a n  th e  g eo g rap h ica l limits 
o f  th e ir  po litical a u th o rity . In  th e  case o f  th e  1919 act, h ow ever, th e re  was 
som e am b iva lence  a m o n g  th em . T h e y  rea lized  th a t a JE A  co u ld  u s u rp  the 
po w er en jo y ed  by an  au to n o m o u s  utility ; o n  th e  o th e r  h a n d , a JE A , if 
co n tro lle d  by th e  local au th o rit ie s  in a d is tric t, c o u ld  f ru s tra te  th e  rise of 
p riv a te  reg io n a l p o w er co m p an ie s  th a t h a d  h ith e r to  la n g u ish e d  because 
th e  m u n ic ip a lities  re fu se d  to  buy  p o w er w ho lesa le  f ro m  th e m  a n d  thereby  
left th em  th e  m o re  ex p en siv e  task  o f  su p p ly in g  th e  less in d u s tria liz ed  and  
less p o p u la te d  d istric ts.

By th e  m id -1920s th e  op tim ism  e x p re sse d  in th e  early  re p o r ts  o f  the 
electric ity  co m m issio n e rs  h ad  g iven  way to  th e  ad m ission  th a t th e ir  e ffo rts  
w ere  m ee tin g  w ith lim ited  success. In te rm in a b le  p u b lic  in q u irie s  a n d  n e 
g o tia tio n s am o n g  u n d e rta k in g s , in a cco rd an ce  w ith th e  1919 ac t’s insistence 
on  p e rsu as io n  a n d  v o lu n ta ry  c o o p e ra tio n , w ere  p a r t  o f  th e  p ro b lem . Utility 
en g in e e rs  a n d  m a n a g e rs  res is ted  th e  c lo sing  o f  in e ffic ien t s ta tions a n d  the 
tra n s fe r  o f  te chno log ica l c o n tro l o f  jo in t e lectric ity  au th o rit ie s  w hen  this 
m ean t loss o f  au th o rity  a n d  s ta tu s . Sm all c o m p an ie s , b o th  pub lic  a n d  p ri
vate, especially  th o se  associated  w ith a local g o v e rn m e n t je a lo u s ly  p ro tec tin g  
its au to n o m y , fo u g h t a b so rp tio n  by la rg e r  ones. M un ic ipa l utilities co n tin 
u ed  to  re fu se d  to  buy  b u lk  o r  w holesale  p o w er f ro m  p riv a te  p o w er com 
panies. In g e n io u s  a rg u m e n ts  w ere  p re se n te d  to  d e fe n d  th e  g e n e ra tio n  o f 
p o w er w ith in  sm all, lo ca l-g o v e rn m en t-o w n ed  utilities. I t  was said th a t gov
e rn m e n ts  co u ld  b o rro w  m oney  at low er in te re s t ra te s  th a n  p riv a te  pow er 
com p an ie s  co u ld , a n d  tha t th ey  th e re b y  o ffse t th e  te chno log ica l efficiencies 
th e  la rge  p o w er co m p an ie s  m ig h t claim . In  g e n e ra l,  “[the] divisive te n d 
encies in h e re n t in th e  o w n e rsh ip  s tru c tu re  o f  th e  in d u s try  h ad  effectively 
rea sse rted  th em selv es ."81

’“ Ibid., § 1.
m Ibid., § 5 and § 24.

81 H annah. Electricity Before Nationalisation, p. 8!>.
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T h e  h is to ry  o f  e lec tric  su p p ly  in  th e  G re a te r  L an cash ire  a re a  a f te r  W orld  
W ar I illu stra te s  all th e  in e r tia , divisive ten d en c ie s , a n d  paro ch ia lism  th a t 
f ru s tra te d  th e  new ly a p p o in te d  electric ity  com m issioners . As in  L o n d o n , 
e lec tric  su p p ly  in G re a te r  L an cash ire  was n o to rio u sly  fra g m e n te d . L arg e  
a n d  sm all m un ic ip a lities  g u a rd e d  th e ir  au to n o m y . T h e  P ow er S ecu rities  
C o rp o ra tio n , a h o ld in g  c o m p an y , co n tro lle d  th e  bu lk  s u p p lie r  in th e  a re a , 
th e  L an cash ire  P o w er C o m p an y . W artim e  b ro u g h t so m e  in te rc o n n e c tio n , 
a n d  th e  e n g in e e rs  in th e  a re a  a g re e d  in 1917 th a t c e n tra l c o n tro l a n d  
p la n n in g  fo r  th e  a re a  w e re  n e e d e d . T h ir ty -f iv e  su p p ly  a u th o rit ie s , how ever, 
re jec ted  th e  e n g in e e rs ’ p ro p o sa l because  m ix ed  o w n e rsh ip  w ou ld  have  re 
su lted . T h e  ad v a n ta g e s  o f  m ix ed  o w n e rsh ip  as p rac ticed  in G e rm an y , es
pecially  by th e  R h ein isch -W estfa lisches E lek lriz ita tsw erk , d id  n o t o v e rr id e  
B ritish  o b jec tions. A fte r  1919 th e  elec tric ity  co m m issio n e rs  a d v o ca ted  a 
jo in t e lec tric ity  a u th o r ity  fo r  th e  a re a , b u t th e  u tilities re jec ted  th e  p ro p o sa l, 
p re f e r r in g  to  re m a in  in d e p e n d e n t .  In  th e  e n d , on ly  a w eak ad v iso ry  b o a rd  
a n d  p iecem eal in te rc o n n e c tio n s  w ere  ach iev ed .82

T o  o b se rv e rs  c o n s id e r in g  th e  lo n g  h is to ry  o f  ten se  a n d  f ru s tra tin g  e ffo r ts  
to  re o rg a n iz e  B rita in ’s e lec tric  su p p ly  in d u s try , th e  re m a rk a b le  tu rn  o f 
even ts  th a t led  to  th e  e s tab lish m en t o f  th e  G rid  in 1926 cam e  as a d is tin c t 
su rp r ise . T h e  firs t q u es tio n  th a t a rises is, W h a t c o n flu e n c e  o f  t re n d s  a n d  
even ts  c o u n te re d  th e  ex is tin g  in e r tia  a n d  ch a n g e d  th e  c o u rse  o f  d e v e lo p 
m e n t o f  e lec tric ity  su p p ly  in B rita in ?  T h e  q u es tio n  takes  o n  a d d e d  s ig n if
icance w h en  o n e  recalls th a t m an y  p e rso n s  co n s id e re d  reo rg a n iz a tio n  o f  
th is in d u s try  to  be th e  key to  B rita in ’s recovery  o f  in d u s tr ia l s tre n g th  a n d  
lead e rsh ip . T h e  sto ry  o f  th is re o rg a n iz a tio n  will be to ld  in th e  follow ing  
c h a p te r .

"* Ibid.. p. 82.
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Planned Systems

TH t  rad ica l c h a n g e  in n eed s  a n d  a tti tu d e s  b ro u g h t by W orld  W ar I 
s tim u la ted  bo ld  co n cep ts  Tor p eace tim e  p ro jec ts , b u t as has b een  seen, 

th e  p o s tw ar r e tu rn  to  n o rm alcy  d a m p e n e d  e n th u s ia sm  fo r g o v e rn m en t- 
sp o n so re d  tech n o lo g y  in th e  U n ited  S ta tes  a n d  tech n o lo g y  co n tro lled  by 
th e  c e n tra l g o v e rn m e n t in B rita in  a n d  G erm a n y . P riva te  o w n e rsh ip  in the 
U n ited  S tates, pa ro ch ia l co n tro l in B rita in , a n d  local o r  reg io n a l dev e lo p 
m e n t in G e rm a n y  re g a in e d  th e ir  p re w a r m o m e n tu m . T h e r e  w ere new 
techno log ica l o p p o r tu n itie s  to  u tilize, h o w ev er, a n d  th e  m o re  trad itio n a l 
o w n ers  a n d  m a n a g e rs  o f  e lec tric  su p p ly  facilities so u g h t to  d o  so. As a 
re su lt, in n o v a tio n s  w ere  m ad e , b u t in th e  U n ite d  S ta tes a n d  G erm an y  the 
c h an g es  w ere less rad ica l th a n  P in ch o t a n d  C o o k e ’s G ian t Pow er proposa l 
a n d  G e rm a n y ’s Socialization  Law o f  1919. By c o n tra s t,  in 1926 a m ajor 
c h an g e  in d irec tio n  was b ro u g h t ab o u t in th e  d ev e lo p m e n t o f  p o w er supp ly  
in B rita in .

T h e  d e v e lo p m e n ts  th a t took  p lace in e lec tric  su p p ly  system s in th e  1920s 
a re  co m p a ra b le  to  those  th a t o c c u rre d  in ra ilw ay system s in th e  second  ha lf 
o f  th e  n in e te e n th  cen tu ry . M ajor ra ilro ad  system s w ere  th e n  in te rc o n n e c te d  
a n d  s ta n d a rd iz e d  w ith respec t to  g au g e  a n d  e q u ip m e n t. As a re su lt, the  
m a jo r tra ffic  c e n te rs  a n d  ro u te s  o f  reg io n a l a n d  n a tio n a l system s w ere 
id en tified . T h e  p r in c ip a l ro u te s  w ere  th e n  u p g ra d e d ,  tra ff ic  n ex u s  an d  
sw itch ing  y a rd s  w ere laid  o u t, a n d  th e  tru n k  lines o f  th e  reg io n a l and  
n a tio n a l system s w ere  fu r th e r  d e v e lo p ed .

T h e  p o s t-W o rld  W ar I ra tio n a liza tio n  o f  e lec tric  su p p ly  took  m any  form s, 
bu t it is gen e ra lly  ca teg o rized  as hav in g  b een  e i th e r  ev o lu tio n a ry  o r  p lan n ed . 
In  a su b seq u en t section , c o n s id e ra tio n  will be given  to  th e  way in which 
th e  w ell-estab lished , la rg e -a rea  utilities w ith relatively  lo n g  h is to ries  evolved 
in to  reg iona l system s in te g ra te d  by h ig h -vo ltage  tran sm issio n  ne tw orks. In 
th is section , em p h as is  is p laced  o n  th e  new  system s th a t w ere estab lished  
a cco rd in g  to  m a s te r  p lans. T h e  p u rp o se  o f  th e se  new  system s was to  knit 
to g e th e r , on  a reg io n a l scale, utilities th a t h a d  fo rm erly  evolved  in d e p e n d 
ently . T h e  p la n n e d  n e tw orks, o r  g rid s , usually  took  th e  fo rm  o f  h igh-voltage 
lines r in g in g  a su p p ly  reg io n , o r  po lygon , th e  sections o f  w hich  m et at 
m a jo r load cen te rs . T h e y  d iffe re d  fro m  th e  evo lv ing  ne tw o rk s, w hich , be
cause  o l th e  gene ra lly  less o rd e r ly  c h a ra c te r  o f  h isto rica l c h an g e , usually
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w ere m o re  co m p lex  in fo rm . T h e  p la n n e d  g r id s  re p re s e n te d  th e  po o lin g  
o f  e n e rg y  fro m  utilities th a t p re se rv ed  th e ir  legal iden titie s , p r im arily  as 
d is trib u to rs  o f  th e  po o led  en e rg y . In  som e in stances, a se p a ra te  c o rp o ra te  
en tity  ow n ed  a n d  m an ag ed  th e  g r id ; in o th e rs , th e  utilities p re s id e d  o v e r 
th e  g r id , o r  poo l, u sin g  a c o m m ittee  s tru c tu re . B ecause th e  p a r tic ip a tin g  
utilities p re se rv e d  th e ir  c o rp o ra te  iden titie s  a n d  because  they  o f te n  n e g o 
tia ted  dec isions ab o u t th e  o p e ra tio n  o f  th e  p o w er pool, such  g r id s  w ere 
an a lo g o u s  to  c o n fe d e ra tio n s  o f  n a tion -sta tes . U n d e r  som e p lan s, th e  utilities 
o r  po w er co m p an ie s  fed  th e  pool fro m  th e ir  ow n p o w er p lan ts . U n d e r  
o th e rs , th e  g r id  to o k  p o w er bo th  from  its ow n p lan ts  a n d  fro m  th e  p lan ts  
o f  p a r tic ip a tin g  utilities. M ere we will focus on  th re e  varia tio n s u p o n  th e  
essen tia l g r id , o r  pool, c o n cep t: th e  P en n sy lv an ia -N ew  J e rse y  In te r c o n 
n ec tion  (PN J), th e  c e n te r  o f  w hich was P h ilad e lp h ia , P ennsy lvan ia ; th e  
B ay e rn w erk  in B avaria; a n d  th e  N atio n a l G rid  in G re a t B rita in . In  th e  case 
o f  bo th  th e  P en n sy lv an ia -N ew  J e rse y  In te rc o n n e c tio n  a n d  th e  B ay e rn w erk , 
la rg e  h y d ro e lec tric  p lan ts  fed  th e  g r id ’s pool o f  pow er. U tilization  o f  such  
la rg e  blocks o f  h y d ro e lec tric  p o w er was p a r t  o f  th e  o rig in a l p lan  fo r  each  
o f  th e se  system s; in co n tra s t,  peace tim e  u tiliza tion  o f  th e  g ian t n e tw o rk s  at 
M uscle Shoals, A lab am a, a n d  G o lpa-Z schornew itz  was an  a f te r th o u g h t.

T h e  PN J was c learly  a m o re  co n serv a tiv e  re sp o n se  to  techno log ica l o p 
p o r tu n itie s  th a n  G ian t P ow er h ad  been . T h e  h is to ry  o f  th e  PN J pool a n d  
re la ted  h y d ro e lec tr ic  p o w er p lan ts  a lso d e m o n s tra te s  th a t th e  b u ild e rs  o f  
th ese  g ian t e lec tric  p o w er system s faced  o rg an iza tio n a l a n d  financial p ro b 
lem s th a t d e m a n d e d  so lu tio n s as o rig in a l as th e  tech n o lo g y  itself, o r  even  
m o re  so. M an ag e rs  a n d  financ ia l e n tr e p re n e u r s  w ould  m ak e  co m m itm en ts  
th a t w ere as bo ld  as th o se  m ad e  by en g in ee rs .

O n e  such  co m m itm e n t was m a d e  on  20 F eb ru a ry  1926, at ab o u t th e  tim e 
P incho l a n d  C o o k e ’s G ian t P ow er p ro jec t was vo ted  do w n  in th e  P ennsy l
vania leg is la tu re . T h e  tim in g  was n o t e n tire ly  fo rtu ito u s . O n  20 F eb ru a ry  
th e  P h ilad e lp h ia  E lectric C o m p an y , long  an  a d v e rsa ry  o f  C o o k e ’s, o b ta in ed  
a license fro m  th e  F ed e ra l P ow er C om m ission  to  bu ild  a h y d ro e lec tric  p lan t 
on  th e  S u sq u e h a n n a  R iver a t C o now ingo , M ary land . T h e  p lan t was to  
b ecom e o n e  o f  a n u m b e r  o f  p lan ts  th a t fed  p o w er to  th e  in te rc o n n e c te d  
P en n sy lv an ia -N ew  J e rse y  tran sm issio n  g rid . T h e  s ta te  o f  Pennsy lvan ia  h ad  
lost th e  o p p o r tu n ity  to  lead  th e  n a tio n  in th e  d ev e lo p m en t o f  go v e rn m e n t-  
sp o n so re d  e lec tric  su p p ly  system s, bu t a p rivately  o w ned  Pennsy lvan ia  u til
ity d id  tak e  th e  lead  in d ev is in g  an  innovative  m o d e  o f  ex p lo itin g  in te r 
co n n ec tio n  a n d  h ig h -vo ltage  transm ission . T h e  FPC license au th o riz e d  th e  
P h ilad e lp h ia  p o w er co m p an y  to  b u ild  o n  th e  S u sq u e h a n n a  R iver at C o n 
o w ingo  th e  n a tio n ’s s eco n d -la rg es t hyd ro e lec tric  p ro jec t; th e  co n s tru c tio n  
o f  C o n o w in g o  set th e  s tag e  fo r  th e  fo rm a tio n , by in te rco n n ec tio n , o f  th e  
n a tio n 's  la rg est p o w er pool.

T h e  C on o w in g o  p ro jec t p ro v id ed  a m eans o f  c o n tro llin g  a n d  u tiliz ing  
th e  forces o f  n a tu re , w hich is th e  trad itio n a l fu nc tion  o f  techno logy . F or 
m o re  th a n  h a lf  a cen tu ry , v arious schem es h ad  been  fo rm u la ted  fo r h a r 
nessing  th e  S u sq u e h a n n a  as it g rad u a lly  d ro p p e d  a b o u t 150 feel in th e  last 
tw enty-five m iles b e fo re  it e m p tie d  in to  th e  h ead  o f  th e  C h esap eak e  B ay .1

■C. W. Kellogg, "The Conowingo I lyclro-FJcclric Project," Stone id Webster Jounwl, April 
1926.
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In  1912 th e  P ennsy lvan ia  W a te r  8c P ow er C o m p a n y  h a d  e re c te d  a hy
d ro e lec tric  p la n t a t H o ltw o o d  lo  h a rn e s s  60  fee l o f  th e  fall, b u t an  an n u a l 
p o w er o u tp u t  o f  ab o u t 1 ,280 ,000 ,000  kw h. re m a in e d  to  be  dev e lo p ed .

I f  th e  flow o f  th e  riv e r  h a d  b een  re g u la r , th e  w a te r  co u ld  have  been  
reg u la rly  d ra w n  o f f  to  en e rg y -in te n s iv e  in d u s tr ie s  a ttra c te d  by c h e a p  elec
tricity . T h e  flow h a d  b een  r e c o rd e d  fo r  years, h ow ever, a n d  seasonally  a n d  
u n p re d ic ta b ly  it va ried  g rea tly . A t th e  tim e  o f  th e  fam o u s  Jo h n s to w n  flood 
o f  1889, 7 5 0 ,000  sec.-ft. w ere  m e a su re d ; o n  a n o th e r  occasion , a low of 
2 ,200  sec.-ft. was re c o rd e d . T hese  n a tu ra l varia tio n s su g g ested  th e  need  
fo r  a p o w er system  th a t w ou ld  c o n n e c t a h y d ro e lec tr ic  p la n t a t C onow ingo  
with ex is tin g  s team  p lan ts . In  lim es o f  low w a te r o r  d ro u g h t ,  th e  th e rm a l 
p lan ts  w ou ld  ca rry  th e  base load , a n d  C o n o w in g o  w ould  ca rry  th e  peak; 
in tim es o f  h ig h  river-flow , th e  base load  w ou ld  be t ra n s fe r re d  to  C o n 
o w ingo, a n d  th e  th e rm a l p lan ts  w ou ld  ab so rb  th e  peak .

T h e  P h ilad e lp h ia  E lectric  C o m p an y , w hich in  1921 was th e  n a tio n 's  sev
en th - la rg e s t utility , p la n n e d  lo  feed  th e  p o w er o f  C o n o w in g o  in to  a g rid  
fo rm e d  by in te rc o n n e c tin g  P h ilad e lp h ia  E lectric  w ith tw o n e ig h b o rin g  u til
ities. th e  Public Serv ice  E lectric  8c G as C o m p a n y  o f  N ew  Je rse y  a n d  the  
P ennsy lvan ia  P ow er 8c L ight C o m p a n y  (PP8cL), w h ich  o p e ra te d  in  cen tra l 
an d  e a s te rn  Pennsy lvan ia . N o t on ly  w ou ld  th e  m a rk e t fo r  C o n o w in g o  be 
e x p a n d e d  b u t th e  d iversity  o f  load  w ith in  th e  load  a re a  w ith w hich  it was 
c o n n e c te d  w ou ld  increase . (See Figs. X I I .1 a n d  X II .2.) T h e  tech n o lo g y  fo r 
th e  C o n o w in g o  p la n t a n d  th e  in te rc o n n e c tio n  sch em e  was availab le; the  
p ro jec t's  p la n n e rs  in tro d u c e d  m a n a g e m e n t a n d  f inanc ia l in n o v a tio n s to 
n u r tu r e  th e ir  p a r tic u la r  a d a p ta tio n  o f  th e  tech n o lo g y .

T h e  in te rs ta te  c h a ra c te r  o f  th e  p ro jec t c o m p lica ted  th e  p la n n in g , how 
ever. T h e  d a m  a n d  p o w er p lan t w ould  be lo ca ted  in M ary lan d ; th e  u p p e r  
h a lf  o f  th e  re se rv o ir ,  in Pennsy lvan ia ; a n d  th e  tran sm issio n  system , in 
Pennsy lvan ia , N ew  Je rse y , a n d  M ary lan d . T h e  d am  a n d  p o w e r p lan t re 
q u ire d  ac tion  by th e  pub lic  serv ice  co m m issio n s ( th e  re g u la to ry  agencies) 
o f  bo th  M ary lan d  a n d  Pennsy lvan ia . B ecause  th e  S u sq u e h a n n a  R iver was 
n avigable , th e  h y d ro e le c tr ic  in s ta lla tion  also  n e e d e d  a license fro m  the  
F edera l P ow er C om m ission . T h e  P h ilad e lp h ia  E lectric  C o m p a n y  re sp o n d e d  
to  th e  re g u la to ry  a n d  licensing  ch a llen g e  by fo rm in g  th e  P h ilad e lp h ia  Elec
tric  Pow er C o m p an y , a P ennsy lvan ia  c o rp o ra tio n , to  ho ld  title  to  th e  P en n 
sylvania p ro p e r ty  o u ts id e  P h ilad e lp h ia  E lec tric ’s d o m a in . T h e  S u sq u e h a n n a  
Pow er C o m p an y , a su b sid ia ry  a n d  a M ary lan d  c o rp o ra tio n , w ould  ho ld  
title to  th e  d a m , p o w erh o u se , a n d  M ary lan d  p o rtio n s  o f  th e  re se rv o ir  and  
tran sm issio n  system . B ecause they  w ou ld  n o t su p p ly  c o n su m e rs  directly , 
th ese  p o w er a n d  tran sm iss io n  facilities w ould  n o t be sub jec t to  sta te  reg 
u la tio n , as w ere  th e  u tilities.

T h e  jo in t  h e a r in g  h e ld  by th e  Pennsy lvan ia  a n d  M ary land  pub lic  service 
com m issions a n d  th e  F ed e ra l P ow er C om m ission  was e v en tfu l. O p p o n e n ts  
o r  C on o w in g o  focused  on  th e  financ ia l a spec ts  o f  th e  p ro jec t. M ost vocif
e ro u s  was T h o m a s  E. M itten  o f  th e  P h ilad e lp h ia  R ap id  T ra n s it  C o m pany , 
a co m p an y  th a t b o u g h t p o w er fro m  P h ilad e lp h ia  E lectric. M itten ’s law yer 
c o n te n d e d  th a t P h ilad e lp h ia  E lectric  h ad  p a id  an  e x o rb ita n t p rice  fo r  the 
fran ch ise  on  th e  S u sq u e h a n n a  a n d  th a t in te re s t ra te s  a n d  o th e r  costs w ould 
b u rd e n  P h ilad e lp h ia  E lectric’s cu s to m ers . M itten  insisted  th a t his p rim ary  
co n ce rn  was to  avoid th e  re su ltin g  in crease  in ra te s  fo r  his co m p an y  an d
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CONOWINGO

CONOWINGO
H y d r o e l e c t r ic  D e v e l o p m e n t

PHILADELPHIA ELECTRIC POWER CO.

Figure X ll.l . Transmission system, Conowingo Dam to Philadelphia. Note the Susquehanna River drainage area (upper left). Courtesy of 
Philadelphia Electric Co.

Figure XII.2. The Pennsylvania-New 
Jersey Interconnection. Courtesy of C. tV. 

Watson, Philadelphia Electric Co.
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o ilie r  m a jo r cu s to m ers ; o th e rs , h ow ever, a rg u e d  th a t his ob jective was to 
gain  co n tro l o f  P h ilad e lp h ia  E lectric  by d isc re d itin g  th e  c o m p a n y ’s m an 
ag em en t. M itten  d id  solicit P h ilad e lp h ia  E lectric  v o ting  p ro x ies  fo r  him self 
a n d  his associates w hile P h ilad e lp h ia  E lectric  was u n d e r  a tta ck .2 T h e  alleged  
tak eo v e r a tte m p t fa iled . T h e  C o n o w in g o  p ro jec t was s u p p o r te d  by P hila
d e lp h ia  E lectric 's s to c k h o ld e rs  a n d  was licensed  lo  th e  ex te n t n ecessary  by 
th e  re g u la to ry  agenc ies , b u t M itten ’s ch a rg e s  re la tin g  to  " in te re s t ra te s  an d  
allied m a ile rs  w ere  la rge ly  su s ta in e d  by th e  C o m m issio n s.”1'

D rexel a n d  C o m p an y , s to c k b ro k e rs  o f  P h ilad e lp h ia , th e n  fo rm e d  a syn
d ica te  w ith B row n B ro th e rs  a n d  H a rr is , F o rb es & C o m p a n y  to  m ark e t the 
Ph ilad e lp h ia  E lectric  P ow er C o m p a n y ’s b o n d s, w hich  w ere  va lued  at $36 
m illion. T h e  a lloca tion  o f  th e  su b s id ia ry ’s p r e f e r r e d  slock to  P h ilade lph ia  
E lectric sh a re h o ld e rs  ra ised  an  ad d itio n a l $12  m illion . D rexel a n d  C o m 
pany , how ever, h a d  a c q u ire d  th e  o p tio n  on  th e  C o n o w in g o  p ro p e r ly  several 
years b e fo re  t ra n s fe r r in g  it to  P h ilad e lp h ia  E lectric  fo r  financial co nsid 
era tio n s. C ritics o f  D rexel a n d  th e  utility  p o in te d  o u t lh a l by a c tin g  p ru 
den tly  a n d  decisively, P h ilad e lp h ia  E lectric  co u ld  have  ac q u ire d  th e  o p tio n  
d irec tly . M itten 's  s u p p o r te rs  m ad e  th e  “to tally  u n w a r ra n te d ” a lleg a tio n  tha t 
D rexe l h a d  b rib ed  a v ice -p re s id en t o f  P h ila d e lp h ia  E lectric  to  facilitate 
D rex e l’s invo lv em en t in th e  acq u is itio n .'1

G iffo rd  P incho t, w hose G ian t P ow er p ro jec t h a d  b een  vo ted  do w n  “by 
v ig o ro u s o p p o s itio n  o f  th e  co m p an ie s"  days b e fo re  th is  h e a r in g , a lso cha l
len g ed  th e  C on o w in g o  p ro je c t.5 H e  fe a re d  th a t th e  F ed e ra l P ow er C om 
m ission w ou ld  allow  P h ilad e lp h ia  E lectric  to  issue b o n d s  in  excess o f  the 
net a m o u n t in vested  in th e  p ro jec t. T h e n ,  he be lieved , th e  co m p a n y  w ould 
base its p ro f it a n d  re g u la te d  ra tes  on  an  in f la te d  v a lu a tio n  o f  C onow ingo . 
P incho t a lso o p p o se d  allow ing  co n tro l o f  th e  p ro jec t by P h ilad e lp h ia  Electric 
C o m p an y  o w n ed  c o m m o n  slock, fav o rin g  in stead  c o n tro l by th e  n o n v o tin g  
p re f e r r e d  stock  h e ld  by investo rs. In  a le tte r  to  th e  F ed e ra l P ow er C om 
m ission he s ta led  ca tego rica lly  th a t vo tin g  p o w er a n d  th e  m a jo r in vesto rs’ 
risk sh o u ld  n o t be se p a ra te d . T h e  execu tiv e  s ec re ta ry  o f  th e  F ed e ra l Pow er 
C om m ission  in fo rm e d  P in ch o t o n  27 F e b ru a ry  th a t his agency  h ad  rec
o m m e n d e d  lim ita tio n  o f  th e  to tal p a r  o f  secu rities  to  th e  a m o u n t o f  the  
n e t in v es tm en t in th e  c o n s tru c tio n  o f  th e  p ro jec t a n d  h ad  d en ie d  th e  is
su an ce  o r  n o -p a r  c o m m o n  stock. P incho t called  th e  dec ision  “a g rea t step  
in pub lic  u tility  re g u la tio n  fo r  P en n sy lv an ia .”r’

W ith  th e  h e a r in g  o v e r  a n d  th e  p ro jec t licensed , th e  en g in e e r-m a n a g e rs  
a t P h ilad e lp h ia  E lectric  m u s t have  b een  re liev ed  to  p ro c e e d  b ey o n d  w hat 
they  p e jo ra tiv e ly  called  “politics."  As was cu s to m ary  fo r p riv a te  utilities, 
P h ilad e lp h ia  E lectric  tu rn e d  to  c o n su ltin g  e n g in e e rs  fo r assistance  in car- 
ry in g  o u t a p ro jec t th a t was bey o n d  th e  techn ica l e x p e rtise  o f  th e  com pany. 
S to n e  & W ebste r, th e  B oston  co n su ltin g  e n g in e e r in g  firm , d e s ig n ed  and

* Nicholas 11. W ainwriKhi. History of Philadelphia Electric Company. 1881-1961 (Philadelphia: 
Philadelphia Plectrie Co., 1901). p. 175 

1 1bid., p. 177.
1 1bid., p. 170.

'  Pinrhoi and Federal Power Commission rorrcs|M>ndencc. 13 February to 8 March I920. 
p rinted in Report of the Giant Power Hoard to the Governor 0/  Pennsylvania. 7 December 1926 
(Harrisburg, Pa., 1927), p. IS.

"Ib id ., pp. 10 0 - 1 OS; quotation on p. I OS.
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su p e rv ised  c o n s tru c tio n  o f  th e  h y d ro e lec tric  facility, a n d  Day 8c Zim m er- 
m a n n , a n o th e r  c o n su ltin g  firm , in sta lled  th e  tran sm issio n  lines. T h e  A ru n 
del C o rp o ra tio n  o f  B a ltim o re  c o n s tru c te d  th e  m ain  body o f  th e  solid  c o n 
c re te  d am . C o n s tru c tio n  o f  th e  h y d ro e lec tric  in sta lla tio n  b eg an  in M arch  
1926; o n  1 M arch  1928 p o w er was tra n sm itte d  to  th e  P ly m o u th  M eeting  
su b s ta tio n  n o rth w es t o f  P h ilad e lp h ia , a m a jo r facility in th e  new  p ow er 
pool.

T h e  p rin c ip a l e n g in e e r  fo r C on o w in g o — th e  m an  w ho h a d  e n th u s ia s ti
cally s p e a rh e a d e d  th e  u n d e r ta k in g — was W. C. L. E glin . A fte r  s tu d y in g  
e n g in e e r in g  in G lasgow , in 1889 he  jo in e d  th e  P h ilad e lp h ia  E d ison  C o m 
pany , a p re d e c e sso r  o f  P h ilad e lp h ia  E lectric. D escribed  as “testy , im pu lsive , 
an d  very su re  o f  h im se lf,” Eglin  is re m e m b e re d  as “an  agg ressive , b rillian t 
w o rk e r"  w ho m o d e rn iz e d  a n d  u n ified  P h ilad e lp h ia  E lec tric ’s sy stem .7 As 
early  as th e  s p r in g  o f  1922 h e  u n d e r to o k  p re lim in a ry  s tu d ie s  a n d  c o m 
m issioned  special re p o r ts  on  th e  C o n o w in g o  site. H e  e n c o u ra g e d  D rexel 
an d  C o m p an y  to  lak e  th e  o p tio n  on  th e  fran ch ise  w hen  h is ow n c o m p an y  
d ec lin ed  th e  o ffe r . D u rin g  th e  c o n s tru c tio n  p h ase , as c h ie f  e n g in e e r  he 
co o rd in a te d  th e  c o n tra c to rs  a n d  p re ssed  to  k eep  th e  w ork  on  sch ed u le . 
O n ly  th re e  w eeks b e fo re  th e  p ro jec t was co m p le ted , how ever, he d ie d  at 
th e  age o f  fifty -seven . H av in g  b eg u n  as a d y n a m o - te n d e r , he  was vice- 
p re s id e n t a n d  d ire c to r  o f  P h ilad e lp h ia  E lectric  a t th e  lim e  o f  his d e a th .

C o n s tru c tio n  o f  th e  C o n o w in g o  p lan t was p re se n te d  to  th e  pub lic  as a 
h ero ic  m an ife s ta tio n  o f  A m erica ’s p o w erfu l b u ild in g  in stinc ts a n d  te c h 
nological s tre n g th  (see Fig. X II .3). T h e  rem oval o f  a ra ilro a d , th e  re ro u tin g  
o f  th e  m ain  B a ltim o re -to -P h ilad e lp h ia  h ighw ay  across th e  c rest o f  th e  d am , 
an d  th e  d isp la c e m e n t o f  th e  v illage at C o n ow ingo— ch an g es m ad e  n ecessary  
by th e  d a m m in g  o f  th e  S u sq u e h a n n a — w ere  m a jo r cha llenges. M oreover, 
a te m p o ra ry  tow n h ad  to  be b u ilt to  h o u se  th e  th o u sa n d s  o f  co n s tru c tio n  
w orkers. Publicity  re leases  b o asted  th a t if  set u p  o n  Pennsy lvan ia  A v en u e  
in W ash in g to n , th e  d a m  w ould  fill th e  av e n u e  fro m  c u rb  to  c u rb , reach  
th e  h e ig h t o f  a ten -s to ry  o ffice  b u ild in g , a n d  ex te n d  fro m  th e  C ap ito l 
g ro u n d s to th e  Raleigh H otel.8 T h e  size o f  the  pow er p lan t bu ild ing  m atched  
th a t o f  th e  E q u itab le  B u ild in g  in New Y ork C ity, in w hich 15,000 p e rso n s  
w orked ; th e  tu rb in e s  in th e  p o w er p lan t w ere th e  la rgest ev e r  bu ilt. Even 
P h ilad e lp h ia , th e n  called  th e  “W o rk sh o p  o f  th e  W o rld ,” w ould  have h ad  a 
h a rd  tim e ab so rb in g  C on o w in g o 's  an n u a l po w er o u tp u t.

C o n o w in g o  was co m p a ra b le  to  th e  w idely public ized  N iag a ra  Falls a n d  
M uscle S hoals p ro jec ts  (see T a b le  X I I .1), b u t it n e e d e d  a reg io n a l load  a n d  
a p o w er pool. Eglin  u sed  load  cu rves to  m ake  th is po in t. In  th e  first, which 
was d ra w n  fo r  w in te r co n d itio n s, th e  c ro ssh a tch ed  a rea  re p re se n ts  th e  base 
load C on o w in g o  w ou ld  carry . T h e  low er load cu rve , th e  d e m a n d  o f  Ph il
a d e lp h ia  E lectric, clips below  C o n o w in g o ’s capacity  in th e  early  m o rn in g  
h o u rs . T h u s ,  th e  capacity  o f  C o n ow ingo  in d ica ted  by d o u b le  c ro ssh a tch in g  
w ould  be lost. If, on  th e  o th e r  h a n d , C onow ingo  w ere in te g ra te d  in to  a 
po w er pool (w hose load  cu rv e  also  is show n), th en  all o f  C o n o w in g o ’s 
capacity  co u ld  be used . A n o th e r  set o f  load cu rves show s th e  ad v an tag es 
o f  in te rc o n n e c tio n  d u r in g  th e  s u m m e r m o n th s, w hen , because o f  slow er

7 W ainwright, Philadelphia Elrrtnr. p. <>!>.
" Kellogg, “T he Conowingo l-lydro-Klectric Project." p. 2.
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1927. Aerial photo by Victor Dollm. Courtesy of the F.lrulherian Mills Historical Library,construction.

river flow, C o n o w in g o  w ould  ca rry  on ly  th e  g r id ’s p eak  load . Even in the 
m o n th s  w hen  w ater flow was low, C o n o w in g o  co u ld  be utilized  m o re  fully 
as p a r t o f  a u tility  pool th a n  if  it w ere  o p e ra te d  with on ly  a load from  
P h ilad e lp h ia  E lectric .!l

As n o te d , by m ean s o f  a h ig h -v o ltag e  g r id , th e  system s o f  Ph ilade lph ia  
Electric, Public Service E lectric  & ('.as o f  N ew  Je rse y , a n d  Pennsylvania  
Pow er a n d  L ight w ere  in te rc o n n e c te d . In  1923, w hen  th e re  was m u ch  talk 
ab o u t s u p e rp o w e r  a n d  G ian t Pow er a n d  an  " a tm o sp h e re  o f  S la te  a n d  F ed 
era l in v o lv em en t,” " ’ th e  th re e  u tilities in itia ted  p la n n in g  fo r  th e  h o okup .

* W. C. L .liglin , "Symposium on Intrrconncclion: Conowingo Hydroelectric Project, will)

" " ‘Com ment on The Osgood R epo rt.'"  an outlined m em orandum  in the Philadelphia 
Electric Co. Archives, Philadelphia, Pa., p. I.
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T able X II.I. Conowim .o in Comparison

Plant Own,,
Install, d

Niagara Falls Niagara Falls Power Co. 452.500
Conowingo Philadelphia Klcctrir Power Co. 378.000
Muscle Shoals United Stales G overnment 260.000
1 lollwood Pennsylvania W ater Sc Power Co. 158.000
Keokuk Mississippi River Power Co. 150.000

Canowingo M iurl, Sliwils

Area of watershed 27,000 sq. mi. 30.500 sq. mi
Average river flow 40,000 c.f.s. 51.900 c.l.s.
Length of dam 4.700 ft. 4.500 ft.
Area of reservoir 8,600 acres 8.640 acres
Height o f dam (river lied 105 ft. 140 ft

to lop of bridge) 
Concrete 660,000 cu. yd. 1.350.000 cu. vd.
Spillway lengih 2.385 Ti. 3.050 It.
Flood capacity 880,000 c.r.s. 950.000 r I s
Initial installed capacity 378.000 h.p. 260,000 h p
N um ber o f units initially 7 8
Capacity of each unit 54,000 h.p. 32,500 h.p
Foundation granite blue limestone

Source: Kellogg. “T he Conowingo H ydro-Elerlric Projcci," pp. 7 and 9.

T h e y  e m p lo y ed  P ro fe sso r  M alcolm  M acL aren  o f  P rin ce to n  U n iversity  to 
m ake  a s tu d y  o f  load  d ivers ity  in th e  a re a  each  u tility  se rv ed . M acL aren 's  
favo rab le  r e p o r t  led  th e  th re e  co m p an ie s  to  fo rm  a c o m m ittee  to  s tu d y  
in te rco n n ec tio n . T h e  co m m ittee  issued  its re p o r t  o n  I A ugust 1925, an d  
o n  16 S e p te m b e r  1927, w hile C o n o w in g o  was u n d e r  c o n s tru c tio n , th e  th re e  
co m p an ie s  s ig n ed  an  a g re e m e n t es tab lish in g  a new  en tity , th e  PNJ I n te r 
co n n ec tio n . T h u s ,  th e  w orld 's  la rgest in te g ra te d , cen tra lly  co n tro lle d  pool 
o f  e lec tric  p o w er (1.5 m illion  kw.) cam e in to  b e in g ."

T h e  a g re e m e n t called  fo r  a r in g  o f  2 20 ,000 -vo lt t ru n k  lines 210  m iles in 
len g th  w ith tw o tran sm issio n  lines f ro m  each  p a r tic ip an t's  system  to th e  
o th e r  two. T h e  tru n k  lines w ere  o f  h ig h  capacity , which d is tin g u ish e d  th e  
in te rco n n ec tio n  fro m  th o se  in w hich sm all lie lines on ly  loosely co n n ec ted  
system s. C o n s tru c tio n  a n d  costs w ere a p p o r tio n e d  a m o n g  th e  u tilities. T h e  
Public Serv ice E lectric  8c G as C o m p an y  o f  N ew Je rse y  c o n s tru c te d  a sw itch 
ing  s ta tion  at R o se lan d ; a 220-kv. line fro m  R oseland  to  B ushkill, P e n n 
sy lvania; a n d  a n o th e r  fro m  R oseland  to  th e  P enn sy lv an ia -N ew  Je rse y  line 
n e a r  L am berlv ille . P h ilad e lp h ia  E lectric built a sub sta tio n  at P lym ou th  
M eeting , to  w hich tran sm issio n  lines fro m  C o now ingo  w ere e x te n d e d , a n d  
a tr u n k  line fro m  P lym ou th  M eeting  to  T ow am en c in  T o w n sh ip , P en n sy l
vania; it a lso co n s tru c te d  a 220-kv. t ru n k  line to  L am bertv ille  to  co nnec t 
w ith Public Service. Pennsy lvan ia  Pow er 8c L ight e rec ted  a tru n k  line from  
T o w am en c in  T o w n sh ip  to  its S ieg fried  su b sta tion . A n ex is tin g  P ennsylvania  
P ow er 8c L ight t ru n k  line e x te n d e d  to  Bushkill, th e  site o f  PP& L's W allen- 
p au p ack  h y d ro e lec tric  p lan t (see pp . 4 4 0 -4 1  below). T h e  r in g  b eg an  serv ice 
in 1930. T h e  last leg, betw een  R oseland  a n d  B ushkill, was d e layed  by righ t-  
of-w ay d ifficu lties ; th e  P lym ou th  M ee tin g -S icg fried  section , th e  first to  be 
co m p le ted , b eg an  o p e ra tin g  on  10 F eb ru a ry  1928.

11 Eglin, "Symposium on Interconnection.” p. SHI.



3 3 2  N E T W O R K S  O F  P O W E R

Pow er fro m  th e  h y d ro e lec tric  a n d  th e rm a l g en e ra tio n  s ta tio n s o f  the  
th re e  u tilities fed  in to  th e  in te rc o n n e c tio n  r in g  at th e  v arious substa tions 
(C onow ingo , fo r  ex am p le , a t P lym ou th  M eeting). T h e  u tilities also look 
bulk  p o w er fro n t th e  in te rc o n n e c tio n  at th e  sub sta tio n s; they  ag re e d  not 
to  lap  th e  r in g  d irec tly  fo r cu s to m ers . T h e  a g re e m e n t also called  fo r the  
ex ten sio n  o f  th e  P lym ou th  M e c lin g -T o w a m e n c in -S ie g fr ie d  t ru n k  line to 
PP& L’s F rackville su b s ta tio n , w hich  w ould  m ak e  it possible fo r th e  r in g  to 
d raw  p o w er fro m  th e  th e rm a l s ta tio n  th a t was p la n n e d  at th e  coal m ines 
n e a r  S u n b u ry . T h e  r in g  a n d  its co n n ec tio n s  th e re fo re  c o m b in ed  d iverse  
bu t c o m p le m e n ta ry  p o w er so u rc e s .12

Load d isp a tc h in g  was o f  ce n tra l  im p o rta n c e  to  th e  p o w er poo l, as it had  
b een  to  th e  se p a ra te  u tilities ea r lie r .  T h e  D ep ressio n  f ru s tra te d  p lan s for 
a PNJ c o n tro l c e n te r  at PP& L’s S ieg fried  su b s ta tio n , so P h ilad e lp h ia  Electric 
d isp a tch ed  th e  p o w er g e n e ra te d  by th e  th re e  co m p an ie s . T h e  cen tra l,  o r 
PN J, d isp a tc h e r  was a u th o riz e d  to  d ire c t th e  th re e  u tility  d isp a tc h e rs  w hen 
sw itch ing  was re q u ire d . P h ilad e lp h ia  E lectric  k ep t load  re c o rd s  a n d  from  
th is a n d  o th e r  in fo rm a tio n  p re d ic te d  load  varia tio n s. P red ic tio n  facilita ted  
qu ick  re sp o n ses  to  ch a n g in g  c o n d itio n s  as well as o p tim u m  use o f  th e  steam  
an d  h y d ro e lec tric  p lan ts  feed in g  in to  th e  tran sm iss io n  system . “O n ly  the 
m ost a le r t  a n d  skilled  load  d isp a tc h in g ,” E glin  o b se rv ed , "will rea lize  all ol 
th e  possib le  b en e fits  [fro m  in te rc o n n e c tio n ] ." IH

T h e  in te g ra te d  a n d  cen tra lly  c o n tro lle d  PN J p o w er pool d if fe re d  from  
th e  m e rg e rs  a n d  u tility  h o ld in g -co m p an y  s tru c tu re s  th a t w ere th e n  p ro lif 
e ra tin g . In  co n c e p t, it can  be c o m p a re d  to  th e  c o n fe d e ra tio n s  o f  n in e te e n th -  
cen tu ry  ra ilro a d  system s th a t w ere fo rm e d  to  facilita te  c ro ss -co u n try  traffic  
co o p e ra tio n . T h e  u tility  m a n a g e rs  a n d  e n g in e e rs  w ho  o p e ra te d  th e  pow er 
pool beg an  to  see th e  PNJ as e lectrically  o n e  c o m p an y , b u t financially  and  
o rg an iza tio n a lly  a c o m m ittee  o f  p e e rs  n eg o tia tin g  p la n n in g  a n d  o p e ra 
tions. M T h e  PN J b ro u g h t th e  econom ic  b en e fits  o f  a la rg e  system  a n d  at 
th e  sam e tim e  p re se rv e d  th e  u tilities’ c o rp o ra te  id en tities .

O p e ra tio n s  by c o m m ittee  in tro d u c e d  p ro b lem s, b u t ac c o rd in g  to  utility 
execu tives fam ilia r w ith th e  h is to ry  o f  th e  P N J, th e  re c o rd  has b een  one 
o f  co n stru c tiv e , realistic  n eg o tia tio n s  w ith in  a b ro a d  co n tex t o f  gen e ra l 
u n d e rs ta n d in g  a n d  tru s t  fo u n d e d  on  p e r fo rm a n c e . T h is  in te rp re ta tio n  has 
been  su s ta in ed  by th e  c o n tin u e d  g ro w th  o f  (he system , w hich  in 1956 was 
renam ed  the  P ennsylvania-N ew  Jersc-y-M aryland  In te rconnec tion  a n d  which 
in 1981 c o o rd in a te d  th e  bu lk  p o w er su p p ly  o f  e leven  " in v esto r-o w n ed  elec
tric  u tilities .” W ith  a capacity  o f  4 5 ,6 9 3 ,2 0 0  kw., th e  pool co m p rise d  ro ugh ly  
8 p e rc e n t o f  th e  n a tio n ’s to ta l capacity  in 197 5 .111

T h e  g en e ra l eco n o m ic  g u id e lin es  fo r o p e ra tin g  th e  in te rc o n n e c tio n  w ere

17 Copy o f agreem ent entered into on Mi Septem ber MI27 by the Public Service Electric & 
(.as Co., the Philadelphia Electric Co., and the Pennsylvania Power & l.igln Co. A copy showing 
the changes that went into cllccl on I January  193« is on Ole in the Philadelphia Electric Co. 
Archives.

Eglin, ''Symposium on Interconnection.'' p. 377.
M Interview with l ed Feller and Charles Watson of the Philadelphia Electric Co.. 18 May 

1976.
“ Penusylvania-NrwJer\ry-Marylantl liilricuiiiirctivn. a booklet prepared  by the management 

ol the pool (197b?); and m em orandum  n| Wiliner Kleinbach. PJM m anager, 30 December
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re latively easy to  a rticu la te . A m a jo r b en e fit a ro se  f ro m  load  d iversity . 
T h ro u g h o u t  th e  yea r th e  P ennsy lvan ia  P ow er & L ig h t C o m p an y  h a d  peak  
loads in th e  m o rn in g , fo r it su p p lie d  coal m ines a n d  o th e r  in d u s tr ie s ; the  
o th e r  two u tilities, th e  “se a b o a rd "  co m p an ies , e x p e rie n c e d  th e ir  la rgest 
loads in th e  even in g . N o t on ly  d id  th e  daily  cu rv e  d iffe r , b u t PP& L e x 
p e rie n c e d  its yearly  p eak  on  an  O c to b e r  m o rn in g , w hile fo r  th e  o th e r  two 
utilities it cam e o n  a D ecem b er ev en in g  a t ab o u t 5 :0 0  p .m ., w h en  factories 
w ere  still o p e ra tin g , ligh ts w ere  co m in g  o n , a n d  co m m u te rs  w ere  on  th e ir  
way. Each day , th e re fo re ,  d iversity  in lo ad in g , o r  in  peaks, e n c o u ra g e d  the 
ex ch an g e  o f  p o w er in o rd e r  to  m ax im ize  th e  use o f  capacity . T h e  seab o a rd  
co m p an ie s  cou ld  d isp a tch  less capacity  d u r in g  th e  D ecem b er peaks, a n d  
th e  PP& L cou ld  use less to  co v er O c to b e r  m o rn in g s . D esp ite  th e  early  
e m p h as is  o n  th e  b en e fits  o f  load  d iversity , how ever, th e  o p e ra to rs  o f  the 
pool soon  fo u n d  th e  b en e fits  a ris in g  fro m  th e  ap p lica tio n  o f  p rin c ip le s  of 
econom ic  m ix, o r  th e  ex c h a n g e  o f  econom ic  po w er, to  be as— o r  m o re — 
notab le .

T h e  eq u itab le  a lloca tion  o f  in te rc o n n e c tio n  b en e fits  a m o n g  pool m e m 
bers  d e m a n d e d  p a tien ce  a n d  m u tu a l in te re s t. Im m ed ia te ly  fo llow ing  the 
s ig n in g  o f  th e  PN J a g re e m e n t in S e p te m b e r  1927, each  u tility  n a m e d  one  
rep re se n ta tiv e  to  an  o p e ra t in g  c o m m ittee . Initia lly , th e  c o m m ittee  in c lu d ed  
a g e n e ra l m a n a g e r  fro m  Public  Serv ice  E lectric  & G as, an  assis tan t ch ief 
e n g in e e r  fro m  P h ila d e lp h ia  E lectric , a n d  th e  g en e ra l su p e r in te n d e n t  from  
Pennsy lvan ia  P o w er & L igh t. In  its m eetin g s o v e r th e  n ex t d e c a d e  th e  
co m m ittee  fo cu sed  o n  fo recas tin g  in te rc o n n e c tio n  loads a n d  p la n n in g  g e n 
e ra tin g  capac ity  a n d  c o n s tru c tio n .16 T h e  n e g o tia to rs , o r  p la n n in g  e n g i
n ee rs , estab lish ed  th e  “sc h e d u le d ,” o r  p red ic tab le , d iversity  a n d  d iscussed  
th e  reac tio n  to  a n d  u se  o f  “call,” o r  u n p re d ic ta b le , d iversity . T h e y  d e te r 
m in ed  w hat c h a rg e s  w ou ld  be m a d e  fo r  bu lk  p o w er ex changes. T h e y  also 
ag re e d  to  th e  a llo ca tio n , o v e r  a p e rio d  o f  years, o f  s ch ed u led  diversity . 
O n ly  w ith th is k n o w led g e  co u ld  th e  in d iv id u a l u tilities p lan  th e  c o n s tru c tio n  
o f  new  p lan ts  to  p ro v id e  th e  capacity  each  n e e d e d  to  m ee t a n d  m a in ta in  a 
re se rv e  fo r  reliab ility . C o m p ro m ises  b ased  on  m u tu a l in te re s t w ere nec
essary ; u n ila te ra l tactics co u ld  have  re su lted , fo r  in stance, in each  d e 
m a n d in g  p o w er fro m  th e  o th e rs  to  m ee t its ow n peaks a n d  th e re b y  avoid 
in vesting  in  new  p lan ts . In s tead , th e  u tilities re lied  o n  p red ic tab le  d iversity  
a m o n g  pool m em b ers . T h e  p rice  c h a rg e d  fo r  bu lk  p o w er ex ch an g es was 
set b o th  to  c o m p e n sa te  th e  u tility  w hich h ad  th e  excess capacity  a n d  to  
p ro v id e  sav ings fo r  th e  u tility  w hich d rew  fro m  th e  in te rco n n ec tio n  to  m ee t 
its defic iency . B ecause  o f  th e ir  d if fe re n t o p e ra tin g  p rin c ip les , th e  u tilities 
also h ad  to  a g re e  o n  th e  a m o u n t o f  reserve  capacity  th a t was n ecessary  to  
e n su re  th e  re liab ility  o f  th e  in te rco n n ec tio n  a n d  o n  th e  co s t-accoun ting  
m e th o d s  th a t w ou ld  be u sed  to  d e te rm in e  th e  price  o f  p o w er exchanges. 
T h e  success o f  th e  o p e ra tin g  com m ittee  in so lv ing  these  a n d  o th e r  e x 
trem ely  co m plex  p ro b lem s a n d  in d em o n s tra tin g  th e  econom ies lo  be d e 
rived  from  in te rc o n n e c tio n  se rved  as a m odel fo r  o th e r  u tility  c o n fed e ra -

10 Minuics o f ihe Imcrconneclion O perating Committee. 1927-56. and related correspond
ence, the Philadelphia Electric Co. Archives. I am indebted lo the m anagement o f Philadelphia
Electric, especially Mr. Wayne Aslley, vice-president, for the opportunity  to consult these
minutes.
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lions a n d  Tor c o o p e ra tio n  a m o n g  p e e rs  in g e n e ra l .17 C o n te m p o ra r ie s  recall 
th a t d u r in g  th e  early  years  o f  its o p e ra tio n , m a n a g e rs  a n d  e n g in e e rs  from  
th e  w orld  o v e r  cam e to  in sp ec t th e  PN J g r id .18

T h e se  m a n a g e rs  a n d  e n g in e e rs  a lso  took  n o te  o f  th e  W alchenseew erk , 
E u ro p e ’s la rgest h y d ro e lec tric  p lan t, w h en  in 1924 it b eg an  to  po w er the 
B ay ern w erk , th e  G e rm a n  tran sm iss io n  g r id , w hich , like th e  P N J, was p re 
s ided  o v e r  by a c o rp o ra te  en tity  a n d  involved  th e  c o o p e ra tio n  o f  several 
u tilities. T his d e v e lo p m e n t was n o te w o rth y  n o t on ly  because  th e  technology  
involved  was co m p lex  a n d  a d v an ced  b u t a lso because  a d e s tru c tiv e  w ar had  
only  recen tly  e n d e d  a n d  th e  e ffec ts  o f  d is ru p tiv e  in fla tio n  h a d  j u s t  begun  
to  subside . It was o f  c o n s id e ra b le  in te re s t as well because  B avaria , the  
p ro v in ce  b e in g  e lec trified , was n o t a h igh ly  in d u s tria liz ed  reg io n  c o m p ared  
to  th e  R u h r, th e  n o rth e a s t coast o f  E n g lan d , o r  th e  n o r th e a s te rn  seaboard  
o f  th e  U n ited  S tates. The 1924 in te rc o n n e c tio n  m a rk e d  th e  cu lm in a tio n  
o f  activ ities assoc ia ted  w ith tw o p h ases  o f  th e  h is to ry  o f  e lec tric  pow er 
system s— th e  tim e  o f  in tensive  d e v e lo p m e n t o f  h y d ro e lec tric  p lan ts  a n d  the 
s u b se q u e n t p e r io d  o f  th e  p o w er pool, o r  g r id . T h e  W alchenseew erk  pro ject 
was first conce ived  as p a r t  o f  a p lan  to  b r in g  th e  w ate r p o w er o f  th e  B avarian  
A lps to  heavily  p o p u la te d  in d u s tr ia l tra n s p o r ta tio n  ce n te rs  like M unich . It 
can  th e re fo re  be c o m p a re d  to  th e  e a r lie r  p ro jec ts  th a t c a rr ie d  th e  pow er 
o f  th e  S ie rra  N evadas to  th e  C a lifo rn ia  coast. T h e  p lan  to  in te g ra te  the 
W alch en seew erk  in to  th e  B ay e rn w erk , a reg io n a l tran sm iss io n  g r id , in o r 
d e r  to  o b ta in  an  econom ic  m ix o f  p o w er so u rces  a n d  a g o o d  load  factor 
ra n k s  a lo n g s id e  th e  sim ila r p ro jec t, th e  C o n o w in g o  D am  a n d  th e  P ennsyl
v a n ia -N e w  J e rse y  In te rc o n n e c tio n . F u r th e rm o re ,  b o th  th e  PN J a n d  the 
W alch en seew erk -B ay e rn w erk  in te rc o n n e c tio n  w ere  p la n n e d  reg io n a l e lec
trifica tio n  p ro jec ts , n o t reg io n a l e lec trif ic a tio n  system s th a t evolved  ov er a 
lo n g  p e r io d  o f  tim e , as was th e  case in R h in e lan d -W estp h a lia , e a s te rn  P en n 
sylvania, a n d  on  th e  n o rth e a s t coast o f  E n g lan d  (see C h a p te r  X IV ).

T h e  ro le  th a t co n su ltin g  e n g in e e rs  a n d  th e ir  f irm s p layed  d u r in g  th e  e ra  
o f  p la n n e d  reg io n a l e lec trifica tio n  was critical. By focusing  o n  th e  activities 
o f  O sk a r  von M iller, o n e  can  u n c o v e r  th e  co m p lex  o rig in s  a n d  h is to ry  of 
th e  W a lch en seew erk -B ay e rn w crk  in te rc o n n e c tio n .19 Like som e o th e r  lead 
ing  c o n su ltin g  e lectrical e n g in e e rs , von M iller was an  e n g in e e r-e n tre p re -  
n e u r . H is e x p e rie n c e  a n d  co m p e te n c e  e x te n d e d  b ey o n d  d es ig n in g , deve l
o p in g , a n d  c o n s tru c tin g  devices, m ach in es , a n d  w orks. H e  was an  ex p e rt

17 See pp. 370-71 above for a general discussion o f the economic benefits o f interconnec
tion—the advantages that accrued to power pools and enterprises as a result o f  mergers or 
acquisition.

'"L etter  to the author from M. D. Iloovcn. consulting engineer, Public Service Electric Sc 
Gas Co., II February 1971. I am also indebted to Professor John Brainerd o f the Moore 
School, University o f Pennsylvania, for information about the early years o f the Pennsylvania- 
New Jersey Interconnection. Bayla Singer o f the University o f Pennsylvania is completing a 
dissertation on the history of the Pennsylvania-New Jerscy-M aryland Interconnection (for
merly the PNJ).

B iographies of Oskar von Miller include Wilhelm L. Kristi, Der uieiss-blaue Despot (Munich: 
Pfiaum, n.d.); W allhcr von Miller, Oskar von Miller: Nach Eigenen Aufzeichnungen, Reden und 
Briefen (Munich: Bruckmann, 1932); Ludwig N ockher. Oskar von Miller (Stuttgart: Wissen- 
schaftliche Verlagsgesellschaft, 1953); and T heodore  Hcuss, Oskar von Miller und der Weg der 
Technik (Munich: Deutsches Museum. 1950). I am indebted to Rudolf von Miller Tor the many 
enlightening conversations I had with him ahout his lather
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in such  e n d e a v o rs , b u t h e  also p re s id e d  o v e r th e  activities th a t b ro u g h t 
th em  in to  use; he  was an  in n o v a to r  as well as an  e n g in e e r . In  o rd e r  lo 
in n o v a te , o r  b r in g  tech n o lo g y  in to  use, von M iller so lved  m u ltiface ted  p ro b 
lem s involv ing  g e o g ra p h y , econom ics, politics, in stitu tio n s, social values, 
a n d  m any  o th e r  fac to rs . T h e  c h a ra c te r  o f  th e  p ro b lem s v aried  endlessly . 
T h u s ,  th e  ex p re ss io n  " e n g in e e r - e n tr e p re n e u r” is u sed  to  c h a ra c te r iz e  h im .

T h e  h is to ry  o f  von  M iller's  co n n ec tio n  w ith th e  W alch en seew erk  a n d  
B ay e rn w erk  p ro jec ts  e x te n d s  fro m  1903 to  1924. D u rin g  p a r t  o f  th e se  tw o 
d ecad es , von M iller was an  a p p o in te d  m e m b e r o f  th e  B av a rian  U p p e r  
H o u se  a n d  a s ta le  c o m m iss io n e r fo r  e lectrical d e v e lo p m e n t in  th e  p o s t-  
W orld  W ar I B avarian  g o v e rn m e n t. H e  fu n c tio n e d , th e re fo re ,  a t th e  in 
te rface  b e tw een  tech n o lo g y  a n d  politics, a h igh ly  a d v a n ta g e o u s  p o sition  fo r 
an  e n tr e p r e n e u r  o f  la rge-sca le  p ro jec ts . In  th e se  years, h e  also  m an ag ed  
an  e x p a n d in g  c o n su ltin g  e n g in e e r in g  Firm th a t rece ived  a n u m b e r  o f  la rg e  
e lec trif ic a tio n  co m m issio n s.20 In v e n to r -e n tre p re n e u rs  like T h o m a s  Edison  
w ere n e e d e d  w hen  th e  essen tia ls  o f  an  e lec tric  lig h tin g  system  w ere be in g  
in v en ted  a n d  d ev e lo p e d ; in th e  U n ited  S tates, m a n a g e r -e n tre p re n e u rs  like 
S am uel In su ll p layed  lead in g  ro les a ro u n d  th e  tu rn  o f  th e  ce n tu ry , w hen  
th e  m a n a g e m e n t o f  co m p lex , in te g ra te d , cen tra lly  co n tro lle d  u rb a n  elec tric  
ligh t a n d  p o w er system s was th e  c ruc ia l p ro b lem . V on M iller, w ith his 
en co m p ass in g  h e d g e h o g  style, was th e ir  successor.

B ecause o f  h is bo ld  a n d  e ffec tiv e  advocacy  o f  lo n g -d is tan ce  p o w er tra n s 
m ission a n d  reg io n a l e lec trifica tio n , von M iller h a d  e a rn e d  an  in te rn a tio n a l 
re p u ta tio n . B o rn  in 1855, th e  son o f  F e rd in a n d  von M iller, fo u n d e r  an d  
sc u lp to r  fo r th e  W itte lsbach  dy n asty  o f  B avaria , O sk a r  von M iller s tu d ied  
civil e n g in e e r in g  a t th e  M un ich  P o ly tech n ik u m . H is first p ro fessio n a l p o 
sition  was as a n  a p p re n tic e  civil e n g in e e r  in th e  B avarian  s ta te  service, b u t 
a visit to  th e  P aris In te rn a tio n a l E lectrical E x h ib ition  in  1881 fired  his 
im ag in a tio n , as it d id  th a t o f  so m any  o th e rs , a n d  p re c ip ita te d  a life long  
c o m m itm e n t to  e lec trica l en g in e e r in g . W hen  he was on ly  tw enty-seven , von 
M iller p layed  a le a d in g  ro le  in th e  o rg an iza tio n  o f  th e  M un ich  In te rn a tio n a l 
E lectrical E x h ib itio n , w hich was m o d e led  a f te r  th e  o n e  in Paris. H e  d is
p layed  a special in te re s t  by a r ra n g in g  fo r  M arcel D ep rez  (1 8 4 3 -1 9 1 8 ), th e  
F ren ch  e lectrical in v e n to r  a n d  en g in e e r , to  d e m o n s tra te  th e  feasibility  o f  
lo n g -d is tan ce  p o w er tran sm issio n . D ep rez , a p io n e e r  in transm ission , used  
1 ,5 0 0 -2 ,0 0 0  volts o f  d ire c t c u r r e n t  to  tran sm it p o w er fro m  M iesbach ov e r 
57 k ilo m e te rs  to  th e  e x h ib itio n ’s Glass Palace in M unich . A t M icsbach a 
1 .5-h .p . s team  en g in e  d ro v e  a g e n e ra to r ;  a t M unich  a .4 -h .p . G ra m m e  
elec tric  m o to r  d ro v e  a p u m p  to  c re a te  a d ram a tic  w aterfa ll.21 I f  von M iller 
a n d  D ep rez  h a d  b een  ab le  to  d r iv e  th e  g e n e ra to r  a t M iesbach by w ater 
po w er, th e  ex h ib it w ould  have been  even  m o re  strik in g — w ater po w er to  
w a te r p o w er by e lectrical transm ission . S how ing  rem ark ab le  presc ience , 
von M iller jo in e d  Em il R a th e n a u  in 1883 in B erlin  as a m a n a g e r  o f  th e  
D eu tsche  E d ison -G esellschafl (see p. 67 above). In  1890 h e  r e tu rn e d  to

“"O n  the history of Oskar von Miller's consulting engineering firm, sec Oskar von Miller: 
lm Dierule der Energicwirtschaft (Munich: Ingenicurburo Oskar von Miller GMBH. 1955).

71 Offiiielter Bericht uber die im Koniglichen Glaspalaste zu Mtinchen 1882 . . . Internationale 
Elektriuldts-Ausstellung, ed. W. von Bcclz. O. von Miller, and E. Pfeiffer (Munich: Autotypie 
Vcrlag. 1882), csp. pp. 99-107.
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Figure XII 4. Oskm von Milln and 
I'homas Edison. Courtesy ->/ M i l l  vnil 

Millri.

Figure XII. 5. Oskar von Miller. 
Charcoal drawing by F. A. Kaulback, 

1911. Courtesy of the Deutsches Museum, 
Munich.

M unich  to  estab lish  his co n su ltin g  e n g in e e r in g  firm , T ech n isch es  B ureau 
O sk a r von M iller. In  1891, on  th e  occasion  o f  th e  In te rn a tio n a l Electrical 
E x h ib ition  in F ra n k fo r t  on  th e  M ain , he  a g a in  d e m o n s tra te d  his en thusiastic 
co m m itm en t to  electrical p o w er tran sm issio n  (see p. 131 above).

T h e  M unich  a n d  F ra n k fo rt  d e m o n s tta tio n s  w ere  p o in t-to -p o in t trans
m issions o f  pow er. V on M iller also took  th e  lead  in in tro d u c in g  regional 
e lec trifica tion  by m eans o f  n e tw o rk , o r  r in g , system s. B etw een  1910 and 
1912 he p la n n e d  th e  Pfalzw erk , a p o w er c o m p an y  lh a l su p p lied  electricity 
th ro u g h o u t th e  G e rm a n  p ro v in ce  o f  th e  Pfalz by m ean s o f  a 11 0 ,000-volt 
system . At th e  h e a r t  o f  th e  system  was a new  a n d  la rg e  co a l-fired  g enera ting  
sta tion  in l lo m b u rg .  E xisting  sm all g e n e ra tin g  sta tio n s also  fed in to  the
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transm ission  system . T h e  Pfalzw crk  AG was an  early  e x a m p le  o f  a m ixed- 
o w n ersh ip , reg io n a l tran sm iss io n  system  o rg a n iz e d  ab o u t a la rg e , e ffic ien t, 
co a l-fircd  p o w er s ta tio n .22 T h e  G e rm a n  w ord  fo r th is ty p e  o f  s ta tio n  was 
Uherlandzentrale.

W ith his e x p e rie n c e  in p o w er tran sm issio n  a n d  reg io n a l e lec trific a tio n , 
von M iller tu rn e d  his a tte n tio n  in 1910 to  a p ro jec t he  h ad  en v isag ed  for 
years— d e v e lo p in g  th e  w a te r p o w er o f  th e  B avarian  A lps. T h e  p ro jec t d e 
m a n d e d  c o n s id e ra tio n  o f  n u m e ro u s  fac to rs  a n d  c o n tin g en c ie s  o th e r  th a n  
p u re ly  te chn ica l o nes. T h e  m ost obv ious a n d  p re ss in g  was th e  g eo g rap h ica l 
en v iro n m e n t. In  1903 von M iller h ad  d esc rib ed  th e  g e o g ra p h ic a l c o n 
s tra in ts  o f t h e  re g io n .23 The n o r th e rn  s lope  o f  th e  A lps, in c lu d in g  th e  pa rt 
located  w ith in  th e  th en  K in g d o m  o f  B avaria , h ad  fo r c e n tu r ie s  p ro v id e d  
a i-ih e-s ite  w a te r po w er. Fast-flow ing  s tre a m s a n d  rivers  ru sh e d  do w n  the  
p re c ip ito u s  inc line  in to  th e  Isa r, D an u b e , a n d  o th e r  G e rm a n  rivers . W o o d en  
w ater w heels h o u se d  in mill b u ild in g s  su p p lie d  th e  p o w er to  g r in d  g ra in , 
p u sh  bellow s, ra ise  h a m m e rs , saw  w ood, a n d  p e r fo rm  o th e r  tasks. These 
po w er p lan ts , h ow ever, h ad  to  be loca ted  on  th e  s tream s them selves , a n d  
th e ir  e n e rg y  h ad  to  be u sed  th e re . W ritin g  in 1903, a f te r  e lec tric  p ow er 
tran sm issio n  h a d  b een  p ro v e n , von M iller p ro p o se d  t ra n sm ittin g  th is po w er 
lo  sites w h e re  in d u s try  a n d  p o p u la tio n  w ere c o n c e n tra te d .

D raw in g  u p o n  in fo rm a tio n  g a th e re d  by th e  B avarian  H y d ro tech n ica l 
B u reau , w hich h ad  b een  estab lish ed  in 1899, von M iller p re se n te d  a ta b u la r  
a n d  c a r to g ra p h ic  analysis o f  availab le  w a te r p o w er o n  th e  n o r th e rn  slope 
o f  th e  A lps. S p ec ified  s tre tc h e s  o f  s tream s a n d  rivers w ere  m e a su re d  fo r 
fall in e lev a tio n ; th e  a v e rag e  w a te r flow' was estab lish ed  as precisely as 
possib le; a n d  fro m  th is  a n d  o th e r  d a ta  th e  usab le  w ate r p o w er was es ti
m a ted . F o r e x am p le , a 3 5 -k ilo m e te r  s tre tch  o f th e  sm all r iv e r L oisach, from  
P a rle n k irc h e n  to  th e  K ochelsee, fell 120 m e te rs ; th e  riv e r’s a v e rag e  How 
was 6  cubic  m e te rs  each  seco n d ; th u s , a c c o rd in g  to  von M iller's calcu la tions, 
its usab le  w a te r  p o w e r a m o u n te d  to  7 ,700  h .p . T h e  estim a te  was q u a lified  
acco rd in g  lo  seasona l c lim ate . As a p la n n in g  d o c u m e n t, th e  r e p o r t  an tic i
p a ted  a tw en tie th -c e n tu ry  g e n re .

T h e  m ost a ttra c tiv e  w a te r  p o w er site was th e  W alchensee . a n a tu ra l lake 
w hose su rfa c e  was 200  m e te rs  above th e  g re a t p la teau  e x te n d in g  60  kilo
m e te rs  n o r th w a rd  fro m  th e  A lps lo  M un ich . O nly  a rock  wall s e p a ra te d  
th e  W alchensee  fro m  th e  flat lan d ; th e  bo tto m  o f  th e  lake b e h in d  this 
n a tu ra l b a r r ie r  re a c h e d  to  th e  level o f  th e  p la teau . T h e  situ a tio n  inv ited  
d e v e lo p m e n t, fo r  a tu n n e l cou ld  be d u g  th ro u g h  th e  rock  at a p o in t a sm all 
d is tan ce  below  th e  su rface , a n d  la rg e  p ipes, o r  penstocks, cou ld  th e n  ca rry  
th e  w a te r ru sh in g  do w n  th e  slo p e  to  tu rb in e s  in a p o w er h o u se  nestled  
aga in st th e  s lope  on  th e  p la teau . T o  rep len ish  th e  W alchensee, s tream s 
h igh  in th e  A lps cou ld  be p artia lly  d iv e rted . T o  co m p le te  th e  cycle, once  
th e  w ate r passed  th ro u g h  th e  tu rb in es , it cou ld  be fed in to  th e  K ochelsee, 
w hich was loca ted  on  th e  p la teau  n e a r  B e n e d ik tb e u e rn , a n d  fro m  th e re  
in to  th e  Isa r R iver, w hich ru sh e d  across th e  land  to  M unich  a n d  ev en tu a lly  
lo  th e  D anube .

TiOskar von Miller: Im Dienste tier F.nergiemrtschaft, p. 13.
”  Oskar von Miller. "Die Wasserkriifie am Nordabhangc (lei Alpen." Zritsrhn/t drs Vereines 

deutscher Ingenieure 47 (1903): 1002-8.
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O th e rs  besides von  M iller en v isag ed  h a rn e s s in g  th e  W alchensee . In the 
su m m e r o f  1904 a civil e n g in e e r  fro m  D a rm sta d t,  R u d o lf  Schm ick , and  a 
Swiss e n g in e e r , J e a n ja q u e l, m a d e  p ro p o sa ls . T h e  sam e y ea r  a P russian  arm y 
office r, M ajor F ed o r M aria  von  D o n a t, a p p ro a c h e d  th e  B avarian  govern 
m en t w ith a n o th e r  W alch en see  p ro jec t. Possibly s tim u la te d  by D o n a t’s p ro 
posal, th e  B avarian  g o v e rn m e n t in 1 9 0 8 -9  sp o n so re d  an  in te rn a tio n a l com 
p e titio n  to  fin d  th e  best way to  use  th e  W alch en see  a n d  still p reserv e  the 
n a tu ra l b eau ty  o f  th e  re g io n .24 T h r o u g h o u t  th e  h is to ry  o f  th e  pro jec t, the 
B avarians show ed  h ighly  sensitive c o n c e rn  fo r  th e  im p ac t o f  techno logy  on 
th e  lan d scap e .

O th e r  g eo g rap h ica l c o n s tra in ts  in c lu d e d  p o p u la tio n  se ttlem en ts  and  the 
location  o f  in d u s trie s . T h e  w ater p o w er sites o n  th e  n o r th e rn  slope o f  the 
A lps w ere in so u th e rn , o r  U p p e r , B avaria; th e  h eav iest c o n cen tra tio n s  of 
p o p u la tio n  a n d  in d u s try  w ere n o r th w a rd ,  n o t on ly  in  rela tively  nearby 
M un ich  b u t also in  th e  m o re  d is tan t N iirn b e rg , A u g sb u rg , F iirth , E rlangen, 
A sch a ffen b u rg . R eg en sb u rg , W u rz b u rg , B a y re u th , A nsbach , a n d  Bam 
berg . T h e  n o r th e rn  reg io n  d e p e n d e d  o n  coal. B ecause  o f  th e  im m ense 
w ater p o w er o f  th e  B avarian  A lps, von M iller a n d  o th e rs  realized  that 
transm ission  co u ld  ex te n d  to  a n d  b e y o n d  M u n ich , n o t o n ly  to  cities but to 
ru ra l B avaria , w h e re  75 p e rc e n t o f  th e  r e g io n ’s p o p u la tio n  lived. Oskar 
von M iller insisted  th a t A lp in e  w a te r p o w er was a re so u rc e  fo r  all Bavarians.

T h e  b u rd e n  o f  h is to ry  a lso h ad  to  be w e ig h ed  w h en  von  M iller began 
to  p lan  his co m b in ed  h y d ro e lec tric  p la n t a n d  re g io n a l g r id . T h e  m akers 
o f  b lu e p rin ts  cou ld  n o t beg in  w ith  c lean  sla tes. By 1914, fo r  exam ple, 
M unich  a lread y  h ad  e lec tric  ligh t, p o w er, a n d  tra c tio n  re q u ir in g  up  to
19,000 kw. a t p eak  load  a n d  60  m illion  kw h. d u r in g  th e  y e a r .25 M oreover, 
th e  e lectric  ligh t a n d  p o w er u tilities se rv in g  M un ich  a n d  U p p e r  Bavaria 
had  p lans o f  th e ir  ow n fo r  e x p a n d in g  capacity . D iffe re n t freq u en c ie s , volt
ages, a n d  o th e r  cha rac te ris tic s  a d d e d  to  th e  co m p lex ity  a n d  difficu lty  of 
p la n n in g  a c o h e re n t system  fo r  all o f  B avaria . W ith  th e  n eed  fo r  s tand 
a rd iza tio n  a n d  co o rd in a tio n  in m in d , b u t b e fo re  finally  a d o p tin g  a plan 
fo r all o f  B avaria , th e  s ta le , in 1913, in r e tu rn  fo r  th e  u tilities ' acceptance 
o f  re g u la tio n  a n d  th e  possibility  o f  e v en tu a l a cq u is ition  by th e  sla te , began 
m ak in g  a g re e m e n ts  w ith la rg e  u tilities to  p ro v id e  th e m  w ith  th e  use o f  slate 
land  fo r tran sm issio n  lines a n d  a sizable a re a  fo r  exclusive supp ly . T h is  was 
in te n d e d  to  e n c o u ra g e  th e  g ro w th  o f  th e  la rg e  c o m p an ie s  a n d  to  d iscourage 
paroch ia lism .

V on M iller took  in to  a cco u n t n o t on ly  g e o g ra p h y  a n d  th e  legacy o f  the 
h is to ry  o f  th e  e lectrical su p p ly  in d u s try  in B avaria  b u t also th e  state of 
ex is ting  tech n o lo g y  in th e  in d u s tr ia l w orld . C o n su ltin g  e n g in e e rs  like von 
M iller usually  d o  not them selves  in v en t a n d  d e v e lo p  techno logy , b u t instead

74 Water Power Exploitation in Germa ny. Special Publication for the Session of the Second World 
Power Conference, Berlin 1930. with the assistance of the G overnm ent D epartm ents of the Reich 
and the German stales (Berlin: Dcutschcr Wasserwirtschafls- und W asserkraftverband E.V., 
1930), pp. 215-20; and I heodor Koehn, “Ulrer einigc grosze Europaische W asserkraftanlagen 
und ihrc W irlschalllichc Bedeulung," Elektrotechnriche Zeitschrift 30 (1909): 966 IT.

These figures were calculated from data for the years 1913-16. See O skar von Miller. 
Bayemwerk tur emheitlichen Versorgung des rechtsrheinuchen Bayern mil Elektrizitat: Projekt Oskar 
iton Miller, Februar 1918■ Erlduterungs-Bericht. appendix, item 12; copy in the library of the 
Deutsches Museum. Munirh
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d e p e n d  o n  m a n u fa c tu re rs  to  fulfill d e sig n  specifications. F u r th e rm o re ,  
la rg e  p ro jec ts  like th e  W alch en seew erk  a n d  th e  B a y e rn w erk  a re  o f te n  d e 
s ig n ed  to  tak e  a d v a n ta g e  o f  th e  sta le  o f  th e  a r t  r a th e r  th a n  to  ad v an ce  fa r 
b ey o n d  it. T h e  c h a llen g e  fo r  von M iller a n d  th e  o th e r  p la n n e rs  a n d  d e 
s ig n e rs  o f  th e  B avarian  p ro jec t was a r tfu lly  to  a d a p t availab le  in te rn a tio n a l 
tech n o lo g ie s  to  p a r tic u la r  local co n d itio n s. T h e y  w ere, in sh o rt,  involved  
in t ra n s fe r  a n d  a d a p ta tio n .

T h e  p la n n in g  a n d  ex ecu tio n  o f  th e  W alch en seew erk  a n d  th e  B ay e rn w erk  
a lso re q u ire d  political sensitiv ity  a n d  pow er. M any o f  th e  m a jo r  h u rd le s  to  
be s u rm o u n te d  w ere po litical a n d  legislative r a th e r  th a n  techn ica l in n a tu re .  
A fte r  th e  P rin ce  R eg en t n a m e d  von M iller to  th e  Reichsral, o r  U p p e r  H o u se , 
o f  th e  G e rm a n  P a rlia m e n t in 1909, h e  was ab le  to  re sp o n d  to  th e se  c h a l
lenges. B e fo re  m an y  o th e r  e n g in e e rs  a n d  scien tists (C h a rle s  M erz h ad  in 
L o n d o n ), h e  d isco v e red  th a t la rge-sca le  e n g in e e r in g  was a political m a tte r . 
H e  believed  th a t p ro jec ts  th e  size o f  th e  W alch en seew erk  a n d  th e  B a y e rn 
w erk  n e e d e d  th e  f inanc ia l re so u rc e s  o f  th e  B av arian  g o v e rn m e n t a n d  r e 
q u ire d  its leg isla tive  au th o rity . In  th e  Reichsrat his p ro fe ss io n a l c re d e n tia ls  
g ave a u th e n tic ity  to  his a rg u m e n ts . H is fo ren sic  g ifts, p e rso n a l m ag n e tism , 
an d  d ec id ed ly  B av a rian  ch a rac te ris tic s  se rv ed  him  well in  th e  Reichsrat. Even 
today , fo r  m an y  B av arian s he  still sym bolizes tra d itio n a l values su ch  as 
gen ia lity  (Gemiitlichkeit), fam ily  loyally, a n d  love o f  th e  lan d . H is sp eech es 
a n d  d e b a te s  in th e  Reichsrat a re  m odels  o f  th e  c le a r  ex p o s itio n  o f  techn ica l 
sub jects. T h e  re c o rd  su g g ests  th a t h e  h im se lf  rem a in s  a m o d el o f  th e  p o 
litically sensitive  a n d  e ffec tiv e  e n g in e e r , c o m p a ra b le  in m an y  ways to  his 
E nglish  c o n te m p o ra ry  C h a rle s  M erz.

In  1909 severa l im p o r ta n t m a tte rs  p e r ta in in g  to  e lectrical su p p ly  o ccu 
p ied  th e  B avarian  g o v e rn m e n t. T h e  M inistry  o f  th e  In te r io r  es tab lish ed  a 
B u re a u  fo r th e  U tiliza tion  o f  W a te r  P ow er a n d  th e  S u p p ly  o f  E lectricity , 
a n d  th e  low er h o u se  o f  th e  P a rlia m e n t a p p ro v e d  in p r in c ip le  th e  c o n s tru c 
tion  o f  an  e lec tric  p o w e r co m p an y  to  ex p lo it th e  W alchensee . O n  th e  flo o r 
o f  th e  u p p e r  h o u se , von M iller p layed  a p ro m in e n t ro le  in th e  d e b a te  th a t 
d ev e lo p ed  o v e r leg isla tion  a r is in g  fro m  g o v e rn m e n t in v o lv em en t in  th is 
rela tively  new  fie ld  o f  techno logy . In  1910 h e  m a d e  severa l a d d re sse s  th a t 
es tab lished  h is g e n e ra l a p p ro a c h  n o t on ly  to  w a te r p o w er d ev e lo p m e n t b u t 
a lso to  th e  g e n e ra l q u es tio n  o f  th e  s la te ’s ro le  in electrical su p p ly . Q uick ly  
he  tack led  th e  W alch en seew erk  p ro b lem , fo r  even  th o u g h  th e  p ro jec t h ad  
been  a p p ro v e d  in p rin c ip le , th e  s ta te ’s p lans w ere  n eb u lo u s  a n d  th e  go- 
ah e a d  h ad  b een  q u a lified  by th e  re q u ire m e n t th a t a m a rk e t be id en tified  
fo r th e  m o re  th a n  50 ,0 0 0  h .p . w aiting  to  be  ta p p e d  a t th e  W alchensce. 
G iven B av a ria ’s s tag e  o f  in d u s tr ia l d e v e lo p m e n t, som e th o u g h t th a t th is 
q u a lifica tio n  w ou ld  f ru s tra te  th e  p ro jec t. V on M iller’s s tra teg y  fo r  th e  W al
ch en see  fo llow ed th e  p re c e d e n t e s tab lished  with th e  Pfalzw erk : fe e d in g  th e  
im m en se  p o w er fro m  th e  W alchensee  p o w er s ta tion  in to  a reg io n a l n e t
w ork , th e  B ay ern w erk . T h e  tran sm issio n  ne tw o rk  w ould  be su p p lie d  n o t 
o n ly  by th e  W alchenseew erk  b u t a lso by o th e r  la rg e  a n d  e ffic ien t g e n e ra tin g  
s ta tions in B avaria , fossil-fuel as well as h y d ro e lec tric . V on M iller rea lized , 
how ever, th a t th e  u n c o o rd in a te d  d ev e lo p m en t o f  e lectric  su p p ly  w ould  
increasing ly  th re a te n  c o h e re n t reg iona l p la n n in g  a n d  p ro jec ts  even  if  th is 
ap p ro a c h  w ere finally  ap p ro v e d  by th e  leg isla tu re . H e  knew  th a t local 
g o v e rn m e n ts  a n d  p riv a te  c o rp o ra tio n s  w ere bu ild in g  g e n e ra tin g  p lan ts  a n d
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d is tr ib u tio n  system s w ith o u t c o n s id e r in g  how  th ese  m ig h t re la te  to  an  o v e r
all p lan  fo r  B avaria . Me also  saw th e  v arious g o v e rn m e n t m in is tries  a d 
vocating  con flic tin g  e n e rg y  policies. T h e  T ra n s p o r ta t io n  M inistry  w anted  
s ta te  o w n e rsh ip  o f  g e n e ra tin g  s ta tio n s  like th e  W alchensee , b u t on ly  if  they  
w ould  su p p ly  e lec trified , s ta le -o w n ed  ra ilro ad s ; th e  F inance  M inistry  was 
p lan n in g  s team  e lec tric  s ta tio n s, w hich  w ou ld  be re d u n d a n t ,  von M iller 
p o in ted  o u t, w h en  W alch en see  was b u ilt; a n d  th e  M inistry  o f  In te r io r  in 
te n d e d , w ith o u t co n s id e r in g  how  th ese  m ig h t re la te  to  a g e n e ra l system  of 
su p p ly , to  g ra n t iso la ted  concessions fo r  w a te r p o w er d ev e lo p m e n t to  p r i
vate en te rp r is e s . V on M iller w an ted  a ra tio n a l, system atic  g o v e rn m e n t po l
icy. H is s tra teg y  was to  tra n sc e n d  th e  v a rio u s m in is tries  by reco m m en d in g  
th e  estab lish m en t o f  a sing le  c en tra lized  a d m in is tra tiv e  o rg a n  fo r  B avarian  
electrical s u p p ly .'iu

V on M iller even tu a lly  p re se n te d  a d e ta ile d  p lan  fo r  u n ified  electrical 
su p p ly  in B avaria , b u t in th e  m e a n tim e  m e m b e rs  o f  th e  leg is la tu re  ra ised  
m any  o th e r  q u es tio n s  a b o u t it a n d  th e  W alch en seew erk . V on M iller’s re 
sp o n ses  f ro m  th e  flo o r o f  th e  leg is la tu re  a re  still re lev an t, fo r  th e  issues 
pers is t. T h e  w id e -ra n g in g  c h a ra c te r  o f  th e  q u e s tio n s  fro m  th e  leg islators 
r e su lte d  fro m  th e  m any  vested  in te re s ts  a n d  social, po litical, a n d  econom ic 
p rin c ip le s  invo lved . S om e m e m b e rs  be lieved  th a t p r iv a te  e n te rp r is e , not 
th e  g o v e rn m e n t, sh o u ld  fin an ce , c o n s tru c t,  a n d  o p e ra te  th e  W alchensee 
p o w er s ta tio n . O th e rs  a rg u e d  th a t th e  g o v e rn m e n t sh o u ld  ow n a n d  o p e ra te  
it, b u t on ly  if  th e  p o w er g e n e ra te d  w ere  su p p lie d  exclusively  to  s ta te -ow ned , 
e lec trified  railw ays. V on M iller’s a t t i tu d e  o n  sta te  inv o lv em en t was p ra g 
m atic  a n d  flex ib le: G o v e rn m e n t fu n d s  sh o u ld  be in v ested  in th e  p ro ject, 
a t least to  th e  e x te n t th a t th e  W alch en seew erk  g e n e ra te d  p o w er fo r  gov
e rn m e n t-o w n e d  railw ays, b u t c o n s tru c tio n  a n d  o p e ra tio n  o f  th e  sta tion  
sh o u ld  be co n tra c te d  to  p riv a te  c o m p an ie s , fo r  von M iller knew  fro m  ex 
p e r ie n c e  th a t p riv a te  m a n a g e m e n t was e ffic ien t.

V on M iller f u r th e r  ra ised  th e  level o f  co m p lex ity  a n d  so p h istica tio n  of 
th e  d e b a te  by su g g e s tin g  th a t ev en  th o u g h  th e  g e n e ra tin g  facilities sh o u ld  
be o p e ra te d  by a p riva te ly  o w n ed  co m p an y , th e  tran sm issio n  a n d  sale o f 
e lectric ity  sh o u ld  n ev e rth e le ss  be le ft in th e  h a n d s  o f  th e  B avarian  g o v e rn 
m en t. H e  w an ted  to  k eep  p ro f its  f ro m  b eco m in g  th e  so le  d e te rm in a n t o f 
d is tr ib u tio n  a n d  p rice , fo r o th e r  c rite r ia , especially  social ones, h e  believed , 
sh o u ld  o v e rr id e  p ro f it.  H e  h a d  in m in d  subsid ized  d is trib u tio n  fo r  eco
nom ic  d ev e lo p m e n t a n d  o th e r  social needs. W h en  p re ssed , von  M iller look 
a ca tego rica l s ta n d  on  th e  g o v e rn m e n t’s basic re sponsib ility  fo r th e  use o f 
th e  W alchensee : It was a la rge , scarce , a n d  n ea rly  u n iq u e  s la te  resou rce , 
a n d  n a tu re ’s b o u n ty  sh o u ld  ben e fit all o f  (he peo p le . T h e  u n d ev e lo p ed  
reg io n , th e  iso lated  fa rm e r, th e  sm all a r tisan , as well as heavy ind u stry , 
sh o u ld  b e n e lil  Irorn  th e  W alchensee , even  th o u g h  heavy in d u s try  could 
m o re  easily justify  costly tran sm issio n  a n d  d is trib u tio n  facilities because o f 
its h igh  a n d  co n c e n tra te d  level o f  c o n su m p tio n  o f  e lec tric ity .27

1 he  p ro sp ec t o r  W alch en scew erk  also ra ised  th e  issue o f  e n v iro n m en ta l

m Slrnographischrs Ilfriclit iibrr dir V nbandlnngrn drr Kammrr drr Rrichsralr drs bayrrischrn 
Landtag« , IH Mnrcli 1(110, p. 123; .30 June  1910. p. 314; and 9 August 1910, pp. 542-43. 
I licsc references are lo die dates of von Miller's addresses; the page num bers are for die 
respective volumes in which die speeches appear.

” lhid„ 18 March 1910, p. 123; 31 May 1912, pp. 88-89; 1.3 June  1914. pp. 322. 324.
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aesthe tics o r  am en ities . T h e  rise  a n d  fall o f  th e  W alchcnsee  a c c o rd in g  to  
season  a n d  d e m a n d  fo r  electric ity  m igh t flood  th e  sh o re lin e  veg e ta tio n  at 
lim es a n d  lay b a re  u n s igh tly  lake sh o re s  a t o th e rs . D eeply  a tta c h e d  to  th e  
A lp ine  lan d , th e  B avarians d id  n o t lake th is c o n s id e ra tio n  lightly . V on 
M iller a n d  o th e rs  involved  in p la n n in g  th e  W alchensee  p ro jec t c o u n te re d  
with an  a g re e m e n t to  restric t th e  v aria tio n  o f  w ate r level to  spec ified  lim its. 
T h is  re s tric tio n  w ould  im pose  lim ita tions on  w ater s to rag e  a n d  p o w er u ti
lization . In  B avaria , how ever, “t ra d e -o ffs” betw een  e n v iro n m e n t a n d  ec o n 
om y w ere  m a tte rs  o f  policy; even  th e  1909 in te rn a tio n a l co m p e titio n  fo r 
desig n s fo r  th e  W a lchensee  h ad  spec ified  as a p r im e  d e s id e ra tu m  th e  p re s 
e rv a tio n  o f  th e  re g io n ’s n a iu ra l beau ty . V on M iller also a ssu re d  th e  m e m 
b ers  o f  P a rliam en t th a t th e  levels o f  th e  s tream s a n d  riv e rs  fe e d in g  th e  
W alchensee  w ould  be m a in ta in ed .

A rtists, especially , fe a re d  th a t th e  W alchenseew erk  w ou ld  m a r  a b eau tifu l 
lan d scap e . V on M iller a rg u e d , how ever, th a t they  sh o u ld  be m o re  c o n 
ce rn e d  ab o u t th e  p ro life ra tin g  a u to m o b ile  th a n  a b o u t th e  W alchenseew erk . 
A lready , h e  a sse r te d , th e  au to  h ad  m ad e  th e  A lps sm oky a n d  noisy; f u r 
th e rm o re , he  in sis ted , au to m o b iles , u n lik e  p o w er p lan ts , d id  n o t c o n tr ib u te  
to  econom ic  d e v e lo p m e n t. (In  1912 th e  lu x u ry  p assen g e r  au to m o b ile— not 
th e  tru ck  o r  th e  c o m m u te r ’s sm all c a r— d o m in a te d  th e  scene.) E lectric  m o 
to rs  a n d  tra in s  p o w ered  by th e  sm okeless W alchenseew erk  w ere  p re fe ra b le , 
he  insisted , to  co a l-fired  s team  en g in es  a n d  in te rn a l-co m b u s tio n  m o to rs .

E lec trifica tion  o f  th e  railw ays was a n o th e r  issue ra ised  d u r in g  d iscussion  
o f  th e  W alch en see  p ro jec t. S u p p ly  o f  electric ity  to  th e  railw ays in U p p e r  
B avaria  was, fo r  som e, ju s tif ic a tio n  fo r  th e  inv estm en t o f  s ta te  fu n d s  in th e  
W alchenseew erk . T h e  railw ays o f  B avaria , s te am -d riv en  a t th e  tim e, w ere 
s la te  ow n ed  a n d  o p e ra te d .  S ince coal was a scarce re so u rce , th e  M inistry  
o f  T ra n s p o r ta t io n  c o n s id e red  W alchensee  p o w er desirab le  on  econom ic  
g ro u n d s  (w hile  coal w ould  rep lace  black). F u r th e rm o re , S w itzerland , Italy, 
a n d  o th e r  p a r ts  o f  G e rm a n y  h ad  tes ted  a n d  p ro v en  railw ay e lec trifica tion . 
A n in te re s tin g  co m p lica tio n , how ever, was th a t th e  m ilitary  o p p o se d  m a in 
line ra ilw ay elec trifica tio n  in B avaria .28 It fea re d  th a t c o n c e n tra tin g  po w er 
g e n e ra tio n  in a sing le  p lan t, like th e  W alchenseew erk , r a th e r  th a n  w idely 
d isp e rs in g  it in m any  locom otives, w ould  g rea tly  h e ig h ten  th e  v u lnerab ility  
o f  vital tra n sp o r ta tio n  links.

R itte r von M affei, a locom otive b u ild e r  w ith a seat in th e  u p p e r  ho u se  
o f  P a rliam en t, a rg u e d  ag a in st th e  co n s tru c tio n  o f  th e  W alchenseew erk  as 
a so u rc e  o f  p o w er fo r  railw ay e lec trifica tion . H e  acknow ledged  th a t s team  
railw ays w ere  b e in g  e lec trified  in th e  U n ited  S tates, b u t he  a rg u e d  th a t 
A m erica  co u ld  b e tte r  a ffo rd  m iscalcu lations th an  B avaria  cou ld . V on M iller, 
w ho h ad  m a d e  a to u r  o f  techno logy  in A m erica  an d  h ad  follow ed closely 
th e  ra p id  d ev e lo p m e n t o f  electric ity  th e re , p o in ted  o u t th a t A m erica was 
indu stria lly  s tro n g  b ecause she  d id  boldly exp lo it h e r  n a tu ra l resou rces, 
like th e  w a te r p o w er a t N iag a ra  (300 ,000  h .p . co m p ared  to  th e  6 0 ,000  h.p . 
a n tic ip a ted  a t th e  W alchensee). "A m erica  was no t c rea ted  by G o d — n o r 
s im ply  by steam  en g in es ,"  von M iller q u ip p e d  to  his m o re  conserva tive  
p ee rs .29

»"Ibid., 9 August 1910, pp. 543-45; 31 M;iy 1912, p. 90.
m Ibid., 31 May 1912, pp. H9-90.
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D espite  th e  M inistry  o f  I n te r io r ’s u ltim a te  advocacy  o f  a c o h e re n t B a
varian  system  based  on  von M iller’s p ro p o sa ls , a n d  d esp ite  th e  leg is la tu re ’s 
a p p ro v a l o f  th e  W alch en see  p ro jec t in p rin c ip le , c o n s tru c tio n  on  n e ith e r  
th e  s ta tio n  n o r  th e  B a y e rn w e rk  g r id  b eg an  b e fo re  th e  o u tb re a k  o f  W orld  
W ar I in  1914. V on  M ille r’s fo re b o d in g  p ro v e d  co rre c t; p riv a te  e n te rp r is e  
a n d  local g o v e rn m e n t c o n tin u e d  to  b u ild  sm all e lec trica l su p p ly  system s 
a n d  in so d o in g  m a d e  e v e n tu a l co o rd in a tio n  in c reasing ly  d ifficu lt. D issen
sion  w ith in  th e  g o v e rn m e n t a n d  in th e  leg is la tu re  f ru s tra te d  th e  ad o p tio n  
o f  in te r im  leg isla tion  s t ro n g  e n o u g h  to  p re v e n t tro u b le so m e  varia tio n s in 
th e  cha rac te ris tic s  o f  s u p p ly  a n d  a d u p lic a tio n  o f  facilities. D esp ite  passage 
o f  a 1913 law d e s ig n e d  to  re g u la te  n a tu ra l m o n o p o lie s , d iso rd e r ly  g row th  
c o n tin u e d .30

T h e  ex ig en c ies  a n d  trib u la tio n s  o f  w ar d id  n o t cau se  von  M iller to  w aver 
in his d e te rm in a tio n  to  o rg a n iz e  B av arian  e lec tric  su p p ly , how ever. H e 
vo lu n te e re d  his p ro fe ss io n a l serv ices fo r  d ev e lo p in g  d e ta ile d  p lan s and  
spec ifica tions fo r  th e  system , su b m ittin g  th e  p lan  fo r  th e  W a lchenseew erk  
in 1915 a n d  th a t fo r  th e  B a y e rn w erk  in  th e  s p r in g  o f  1918. H e  env isaged  
th e  W alch en seew erk  a n d  B a y e rn w erk  as p ro jec ts  to  be  p u rs u e d  a t w a r’s 
en d , w h en  r e tu rn in g  so ld ie rs  a n d  re lea sed  in d u s try  co u ld  s tim u la te  eco
n om ic  reco v ery . V on  M iller’s vision a n d  c o m m itm e n t tra n sc e n d e d  im m e
d ia te  c irc u m sta n c e  a n d  d e m a n d . T h e  p ro p o sa l h e  a d d re s se d  to  th e  B avarian  
M inistry  o f  th e  In te r io r  in O c to b e r  1915 rev ea led  a c o n tin u in g  p re o c c u 
p a tio n  w ith th e  u ltim a te  goal o f  a u n if ie d  B av a rian  e lec tric  su p p ly  system .31

O n ly  tw o o f  th e  n in e  sec tions o f  th e  W a lch en seew erk  p ro p o sa l d e a lt  w ith 
th e  W alch en see  p ro jec t p e r  se; th e  o th e rs  p e r ta in e d  to  th e  h y d ro e lec tric  
p ro jec t as a c o m p o n e n t o f  th e  B ay e rn w erk . T h e  tech n ica l c h a ra c te r  o f  th e  
in s ta lla tion  was d esc rib ed  succinctly : six 1 0 ,000-h .p . tu rb in e s ; g e n e ra to rs  
su p p ly in g  p o ly p h ase  c u r r e n t ;  a n ea rb y  sw itc h -a n d - tra n s fo rm e r  h o u se  to  
ca rry  th e  p o w er to  th e  tran sm iss io n  lines; a n d  th e  v a rio u s s tru c tu re s  n eed ed  
to  lead  w a te r to  a n d  fro m  th e  g e n e ra tin g  p lan t. T h e  r e p o r t  p ro v id e d  d e 
ta iled  in s tru c tio n  fo r  m a in ta in in g  th e  w a te r level o f  th e  W alch en see  as well 
as o f  th e  riv e rs  a n d  s tre a m s su p p ly in g  it. T h is  re q u ire m e n t  necessita ted  
u s in g  th e  W alch en seew erk  d u r in g  th e  day , w h en  loads p ea k e d , a n d  co n 
se rv in g  its s to re d  w a te r d u r in g  th e  n ig h t h o u rs , w h en  d e m a n d  fell. Von 
M iller en v isag ed  th e  W alch en seew erk  as a p eak -lo ad  p la n t in th e  un ified  
system ; h y d ro e le c tr ic  a n d  c o a l-fired  p lan ts  e lsew h ere  in B avaria  w ould 
ca rry  th e  base lo ad .32 T h e  o th e r  h y d ro e le c tr ic  sta tio n s, in c lu d in g  low -head , 
o r  ru n n in g -w a te r , p lan ts , w ou ld  be  b u ilt on  th e  ls a r  R iver n e a r  M unich .

D esp ite  th e  d ev as ta tin g  w ar a n d  all th e  p re o c c u p a tio n s  a n d  sh ifts in values 
c o n se q u e n t to  it, O sk a r  von M iller still m a n a g e d  to  b r in g  th e  B avarian  
Parliam en t to  c o n s id e r  a n d  act favo rab ly  on  his p lans. C o m p le ted  in M arch 
1918, th e  B ay e rn w erk  p ro p o sa l was a p p ro v e d  by b o th  ho u ses  in J u n e ,  only

" Ib id .,  13 Ju n e  1914, pp. 322-24.
51 Vorschliige (Us Herrn Oskar von Miller in Miinrhrn iiber den Ausbau und die Verwertung der 

Walclienseekraft an das llolie Kiinigl. llayer. Staalsministrrium des I m um , Miinchen, den 9 Oktober 
1915 (copy in ihe library of the Deutsches Museum. Munich). T h e  fifteen-page report is. 
among other things, a treatise on the economics of power systems. Sec also, Oskar von Miller, 
"Die Verw ertung dcr W alchcnsee-W asserkraft fiir ein Haycrnwcrk." EUklroteehnischr Zeitsehrifl 
37 (1916): 85-89, 102-5.

Vorscldiige Walchrnserkrafl, pp. 3-5.
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Figure XII,6. Painting of Walchensee and the power plant. 1924. Courtesy of the Deutsches Museum. Munich.

a few m o n th s  b e fo re  th e  a rm istice .33 T h e  B ayernw erk  was desc rib ed  as a 
reg io n a l g r id  o f  tran sm issio n  lines th a t w ould  o p e ra te  at 100,000 volts. Its 
ju r isd ic tio n  w ou ld  ex te n d  to  (bu t w ould no t include) th e  g e n e ra tin g  p lan ts  
a n d  d is tr ib u tio n  system s o f  c o n n ec ted  u tilities, in c lu d in g  th e  W alchensee- 
w erk , w hich  was d e f in e d  as a se p a ra te  en tity  ow ned  by th e  B avarian  slate. 
T h e  ex is tin g  u tilities g e n e ra tin g  a n d  d is tr ib u tin g  electric ity  w ere variously  
ow n ed ; th e  W alchensecw erk  w ould be th e  largest-capacity  g e n e ra tin g  fa
cility. S te p -u p  t ra n s fo rm e rs  w ould  raise  th e  vo ltages fro m  th e  level at th e  
pow er p lan ts  to  transm ission  vo ltage, a n d  step -dow n  tra n s fo rm e rs  a t d is 
tr ib u tio n  p o in ts  w ould  low er th e  voltages to  4 0 ,0 0 0 -5 0 ,0 0 0  volts. In  th e  
first stage  o f  B ayernw erk  d ev e lo p m en t, th e  100,000-volt transm ission  lines 
w ould  ex te n d  1,020 k ilom eters, a n d  fo r 600 k ilom eters w ould be do u b le .

”  Von Miller, Bayernwerk: Erlautenmgs-Berichl; C. Zell. "1):« Haycrnwrrk," Elekirotechnische 
Zeitschrift 3<J (1918): 301-63.
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Figure XII.7. A plan drawing of the 
Wnlchemrcwrrk. From Drime, 

DcutschlancU Giosskrnfivcrsorgunn, p.
IIS .

Figure X II.8. Crass section o f the 
Walchensee power plant. Courtesy of 

Bayemwerk AC. Munich.

" c c o o o ' d l  /
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In  th e  second  stage , a t least 250  k ilom eters  o f  transm ission  line w ould  be 
a d d e d . W hen  com p le te , th e  transm ission  system  w ould  take (he fo rm  o f  a 
rin g ; this, von M iller e x p la in ed , w ould  e n su re  th a t d is tr ib u tio n  cen te rs  
a lo n g  it w ould receive su p p ly  fro m  two s id e s .^  S uch  an  a rra n g e m e n t w ould  
g rea tly  increase  th e  re liab ility  o f  th e  system  a t a lim e w hen la rg e -a rea  supp ly  
system s w ere still p ro n e  to  instab ility  a n d  lig h tn in g  d am ag e .

In  o rd e r  to  d e te rm in e  th e  overall capacity  o f  th e  system , von M iller h ad  
to  an tic ip a te  d e m a n d . B ecause critics o f  th e  B ay ern w erk  (an d  th e  W al
ch en seew erk ) h ad  insisted  th a t th e  m ark e t fo r th e  system  w ould  be in su f
fic ien t, he  re so rte d  to  a de ta iled  analysis, o r  m odel, o f  e conom ic  d ev e l
o p m e n t in B avaria . T h e  B avarian  D e p a rtm e n t fo r  W a te rp o w er U tilization  
a n d  E lectricity  S u p p ly  h e lp e d  by c ircu la tin g  a q u e s tio n n a ire  d e s ig n e d  to 
allow  fo recastin g  o f  load  d e m a n d  in v arious sec to rs  o f  th e  B avarian  ec o n 
om y. V on M iller’s analysis o f  th is d a ta  en ab led  him  to  a n tic ip a te  n o t on ly  
th e  sy stem ’s to tal load  b u t a lso  th e  m ost a p p ro p r ia te  locations fo r th e  d is 
trib u tio n  po in ts, o r  load  cen te rs , w h e re  tra n s fo rm e rs  a n d  sw itches w ould 
c a rry  th e  electric ity  fro m  th e  tran sm issio n  r in g  in to  th e  low er-vo ltage  d is 
t r ib u tio n  system s.35

V on M iller also h a d  to  in te g ra te  th e  ex is ting  e q u ip m e n t o f  th e  c o o p e r 
a tin g  u tilities in to  th e  overall system  o f  g e n e ra tio n , tran sm issio n , a n d  d is 
tr ib u tio n . As he  h a d  a n tic ip a te d , th e  p ro b lem  h a d  been  co m p lica ted  by th e  
co n s tru c tio n  o f  d iss im ila r local system s o f  supp ly . L ike o th e r  e n g in e e rs  w ho 
w ere in te g ra tin g  sm all system s in to  la rg e r  o nes a f te r  th e  w ar, von M iller 
u tilized  co u p lin g  a p p a ra tu s ,  such  as ro ta ry  co n v e rte rs  (a.c.-d .c.). H e  d id  
n o t e lim in a te  d ivers ity  by m ak in g  a hom o g en ized  system ; he  system atically  
m a in ta in ed  a n d  lin k ed  d iv e rse  e lem en ts . W hen  d ec id in g  w hich o f  th e  e x 
isting  g e n e ra tin g  p lan ts  a n d  d is tr ib u tio n  lines to  in c lu d e  in th e  g r id , he 
g ene ra lly  chose  th e  m ost e ffic ien t ones. A d ap tab ility  to  th e  B ayernw erk  
w ould  be th e  g o v e rn in g  c o n s id e ra tio n  b eh in d  any  decision  to  c o n s tru c t new  
p lan ts  a n d  d is tr ib u tio n  system s.36

In  th e  section  o f  h is p ro p o sa l r e g a rd in g  th e  c o rp o ra te  s tru c tu re  o f  th e  
B ay ern w erk , von M iller su g g ested  an  o w n ersh ip  co m p ro m ise . H e  reco m 
m e n d e d  a m ix e d -e n te rp r is e  c o rp o ra tio n : 51 p e rcen t o w n ersh ip  by th e  s ta te  
(B avaria) a n d  49  p e rc e n t o w n ersh ip  by th e  various u tilities (local-govern- 
m e n t a n d  p riv a te ) th a t w ere  to  be in te g ra te d  in to  th e  system . H e  also
re c o m m e n d e d  th a t th e  s ta le  o f  B avaria  s h o u ld  have a m ajo rity  on  th e
B ay ern w erk  Aufsichlsrat (advisory  com m ittee). Such  an  o w n ersh ip  s tru c tu re  
w ou ld , h e  believed , p ro v id e  th e  adv an tag es o f  business, o r  co rp o ra te , o r 
g an iza tio n  a n d  m a n a g e m e n t, a n d  w ould  also, th ro u g h  g o v e rn m en t involve
m en t, p ro te c t th e  g en e ra l in te re sts  o f  th e  p eop le , especially  th e  in te re sts  
o f  B avarians living in ru ra l a rea s  w here  th e re  was little e lectric ity  o r  w ate r 
pow er. H e  p re d ic te d  th a t th e  B ayernw erk  w ould be co m p le ted  w ith in  tw o 
o r  th re e  y ears a f te r  th e  w ar a n d  th a t it w ould p ro m o te  po stw ar econom ic  
d ev e lo p m e n t.37

In  his re p o r t,  von M iller re ite ra te d  th e  econom ic p rin c ip les  o f  la rge ,

33 Von Miller, Bayemwerk: Erlauterunfp-Brricht, pp. 1-3. and appendix, items 6-9.
50 Ibid., p. 2, and appendix, items 1-5.
“ Ibid., p. 4, and appendix, items 10-11.
37 Ibid.. pp. 17-18.
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in te rc o n n e c te d  system s. H e  p re d ic te d  th a t in te rc o n n e c tio n  w ou ld  p e rm it 
h y d ro e lec tric  p lan ts  to  c a rry  80  p e rc e n t, a n d  s team  p lan ts  20  p e rc e n t, o f  
th e  a n n u a l load  on  th e  B ay e rn w erk ; i f  th e  sam e p lan ts  w ere n o t in te rc o n 
n ec ted , th e  s team  p lan ts  w ou ld  h av e  lo  c a rry  4 0 -4 5  p e rc e n t o f  th e  total. 
In  c o a l-p o o r  B avaria  th is  w as a m a jo r  co n s id e ra tio n . V on M iller also stressed  
th a t in te rc o n n e c tio n  w ou ld  p e rm it ju d ic io u s  use, o r  sch ed u lin g , o f  hy
d ro e le c tr ic  p lan ts  on  a daily  a n d  seasona l basis, so th a t low -head  h y d ro 
e lec tric  p lan ts  co n n e c te d  to  th e  g r id  w ou ld  c a rry  a heavy  lo ad  w hen rivers 
a n d  s tre a m s ra n  fu ll a n d  a lig h t load  in w in te r w hen  scan t ra in fa ll a n d  ice 
p re v e n te d  u tiliza tion . T h e  W alch en see -s to red  w a te r w ou ld  be u sed  fo r peak  
loads. C o a l-fired  p lan ts  c o n n e c te d  to  th e  system  w ou ld  be d ra w n  u p o n  
heavily  w hen  th e  low -head , o r  ru n n in g -w a te r , h y d ro e lec tr ic  p lan ts  a n d  th e  
W alch en seew erk  w ere  s h o r t o f  w ater. In  su m m a ry , as v a ry ing  co n d itio n s 
o f  su p p ly  a n d  d e m a n d  d ic ta te d , th e  low -head  p lan ts  w ou ld  c a rry  th e  base 
load  o f  th e  system , th e  W alch en see  w ou ld  ca rry  m ost o f  th e  p eak  loads, 
a n d  th e  e ffic ien t co a l-fired  p lan ts  w ou ld  ca rry  th e  re m a in d e r . T h e  savings 
r e su ltin g  fro m  th is ty p e  o f  load  m a n a g e m e n t w ou ld  be su b s tan tia l.38

In  h is n in e te e n -p a g e  re p o r t ,  w h ich  was acc o m p a n ie d  by th ir ty -o n e  pages 
o f  h ighly deta iled  a n d  in fo rm ative tables a n d  g rap h s, von M iller also po in ted  
o u t th a t th e  su m  o f  th e  p eak  loads in th e  system  w ou ld  be less th a n  the 
su m  o f  th e  p eak  loads o f  th e  v a rio u s p a r tic ip a tin g  p lan ts  if  th o se  p lan ts  
re m a in e d  o u ts id e  th e  system . T h e  re su lt w ou ld  be  less in sta lled  capacity  
a n d  less n e e d  fo r  re se rv e  as well. S ince th e  elec trica l su p p ly  in d u s try  is a 
cap ita l-in ten siv e  o n e , th is w ou ld  m e a n  a su b s tan tia l re d u c tio n  in u n it  costs. 
T h e  r e p o r t  a lso  show ed  th a t th e  ru ra l a n d  m o re  n o r th e r ly  reg io n s  o f  Ba
varia  w ou ld  g en e ra lly  d e m a n d  m o re  fro m  a n d  su p p ly  less to  th e  system  
th a n  M un ich  a n d  th e  o th e r  u rb a n  a reas  w h e re  elec trica l su p p ly  was a lread y  
well d e v e lo p e d . V on M iller's  co m m itm e n t to  ru ra l  e lec trif ic a tio n , even  if  it 
m e a n t su b sid iza tio n , was ob v io u s.39

W ith in  tw o w eeks o f  th e  a rm istice , von  M iller a n n o u n c e d  th a t h e  was 
p re p a re d  to  su p e rv ise  co n s tru c tio n  o f  th e  W alch en seew erk  a n d  th e  Bay
e rn w e rk . H e  in sis ted  th a t th e se  p ro jec ts  n o t on ly  w ou ld  p ro v id e  w ork  fo r  
r e tu rn in g  so ld ie rs , b u t w ou ld  also, a t a lim e  o f  social u n re s t ,  d ra w  to g e th e r  
v a rio u s classes in s u p p o r t  o f  a co m m o n  c o n s tru c tiv e  en d e a v o r . H e  a d v e r
tised  fo r w o rk e rs  fo r  th e  W alch en seew erk ; b eg an  to  assem ble co n s tru c tio n  
e q u ip m e n t a t th e  site ; a n d  su p e rv ise d  th e  s ta r t  o f  c o n s tru c tio n  by c o n tra c 
to rs  a t th e  W alch en see  (sec Fig. XI 1.9). F o r th e  B ay e rn w erk , h e  c o n c lu d ed  
co n trac ts  w ith elec trica l m a n u fa c tu re rs  fo r  h ig h -v o ltag e  tran sm issio n  tow 
ers; fin ish ed  su rv ey in g  a n d  m ad e  d e ta ile d  d raw in g s; a n d  p ro p o se d  p lans 
fo r  th e  h ig h -v o ltag e  t ra n s fo rm e r  s ta tions.'10

O n  22 J a n u a ry  1919 In te r io r  M in is te r E rh a rd  A u e r  o f  B avaria ’s new 
g o v e rn m e n t n a m e d  von M iller th e  Staatskommissar (sta le  co m m issio n er) fo r 
th e  W alch en seew erk . B ecause th e  g o v e rn m e n t was a rep u b lican  o n e , re 
p lac ing  th e  W itte lsbach  dy n asty  a n d  th e  co n serv a tiv e  w artim e m in iste ria l 
g o v e rn m e n t, von M iller’s co n serva tive  f r ie n d s  a n d  associates lam en ted  his

’"Ib id .. pp. 5 -7 . and appendix, iicms 12-29.
’"Ib id ., pp. 2. 8 -9 , and appendix, items I I . 12. 18. and 25.
<w Kristi. Der weiss-blaue Despot, pp. 185. 198; F.lehtrotechnische Zeitschrift 40 (1919): 303; ibid. 

41 (1920): 277.



Figure X1I.9. Tratisporting a section of 
penstock to the Walchensee power plant, 5 

May 1924. Courtesy o f the Deutsches 
Museum, Munich.
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association  w ith it.41 T h e  new  g o v e rn m e n t’s ab ility  to  act decisively a n d  
ex p ed itio u s ly  in m a tte rs  c o n c e rn in g  th e  B ay e rn w erk  a n d  W alchenseew erk , 
how ever, was th e  c r ite r io n  by w hich von M iller, th e  e n g in e e r , ju d g e d  it. 
H e  h a d  su rv iv ed  years  o f  d e lay  cau sed  in p a r t  by d iv id ed  m in is trie s  a n d  
con flic tin g  p a r lia m e n ta ry  in te re sts . A g o v e rn m e n t th a t was ab le  to  exerc ise  
po w er in s u p p o r t  o f  e n g in e e r in g  p ro jec ts  in a tim e  o f  social tu rb u le n c e  a n d  
econom ic  c o n fu s io n  was an  obv ious ally fo r  von  M iller.

V on M iller n e e d e d  th e  a u th o r ity  o f  his p osition  as co m m iss io n e r in o rd e r  
to  o rg a n iz e  a n d  m a n a g e  th e  p ro jec ts . H e  was u n w illing  to  e n tru s t  th e  success 
o f  his h igh ly  techn ica l e n te rp r is e s  to  th e  advice a n d  d irec tiv es  o f  p e rso n s  
he  considered  to  be u n in fo rm e d — politicians, bu reaucra ts , a n d  hastily fo rm ed  
co m m ittee s  a c tin g  o n  th e  basis o f  m a jo rity  ru le . H is apolitical a l t i tu d e  a n d  
policies e lic ited  critic ism  a n d  o p p o s itio n  d u r in g  his first y ea r as co m m is
sio n e r. S om e a rg u e d  th a t th e  s ta le  co m m issio n e r a n d  th e  m a n a g e r  o f  th e  
p ro jec ts  sh o u ld  n o t be th e  sam e p e rso n ; fo r e conom ic  a n d  aesth e tic  reasons, 
o th e rs  p ro p o se d  d if fe re n t ro u te s  fo r  th e  tran sm issio n  lines; still o th e rs  
be lieved  von  M iller was too  cau tio u s a n d  e x tra v a g a n t in th e  m easu re s  he 
took  to  e n s u re  th e  reliab ility  o f  th e  system  a n d  th e  la rg e  g e n e ra tin g  capacity  
o f  th e  B ay e rn w erk . A t th e  sam e tim e, th e re  w ere d ire  p red ic tio n s  o f  fa ilu re  
fo r th e  co m p lex  p ro jec t. T h e r e  w ere  also those  w ho believed  von M iller 
was a c tin g  w ith o u t a d e q u a te  p ro fessio n a l co n su lta tio n  a n d  adv ice fro m  
o th e rs .42

11 Kristi. Der weiss-lilaue Despot, p. 184; W. von Miller, Oskar von Miller, p. 94.
'IJ T o  explain his policies, von Miller wrote a lengthy letter on 18 November 1919 to Minister 

of In terior Fritz lindrcs. T he letter includes a summ ary history of the two projects. It is quoted 
at length in Kristi, Der weiss-btaue Despot, pp. l9.r>-99; see especially, pp. 195-96.
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In  von M iller's  o p in io n , m u ch  o f  th e  c ritic ism  was u n in fo rm e d  o r  r e p 
re se n te d  th e  views o f  p e rso n s  w ith special in te re s u .  T o  th o se  w ho th o u g h t 
him  u n re sp o n s iv e  to  su g g estio n s, he p o in te d  o u t th a t h e  o f te n  co n su lted  
tw o d is tin g u ish e d  e lec trica l en g in e e rs , P ro fesso rs  H . P rinz  a n d  W ald em ar 
P e te rso n . H e  a ssu re d  th o se  w ho  s u p p o r te d  h im  th a t fo rty  y ears o f  p re s id in g  
o v e r in n o v a tio n s h ad  ta u g h t  h im  th a t d o u b u  a n d  c ritic ism  w ere  inevitab le , 
b u t th a t th ey  usua lly  p ro v e d  to  be  ex a g g e ra te d . H e  h ad  fo u n d  th a t,  al
th o u g h  u n fo re se e n  d ifficu ltie s  usua lly  a ro se , th e  ex p e rie n c e d  in n o v a to r 
g e n e ra lly  re s p o n d e d  re so u rc e fu lly .43 H e sh o u ld  have a d d e d  th a t an  e n tr e 
p re n e u r  w ith h is c o m m itm e n t a n d  d o g g e d  p e rsev e ran ce  o f te n  o u tla s ted  an 
o p p o s itio n  th a t was n o t w on o v e r  by p e rsu as io n  o r  ov e rw h e lm ed  by m o
m e n tu m .

By th e  e n d  o f  1919, h ow ever, h a ra ssed  by h is o p p o n e n u  a n d  w itnessing 
th e  e ro s io n  o f  his a u th o rity , von M iller was read y  to  res ign . H e  d id  n o t do 
so, h ow ever, b e fo re  ca lling  to  th e  g o v e rn m e n t’s a tte n tio n  his ach ie v e m e n u  
in th e  face o f  m an ifo ld  d ifficu lties . H e  h ad  en g a g e d  in m o n th -lo n g  n e 
g o tia tio n s o v e r  co n tra c ts  a n d  ta r if fs ; b ro u g h t ab o u t a g re e m e n ts  a m o n g  such 
d iv e rse  in te re s ts  in  e lec tric  lig h t a n d  p o w er as th e  s ta te , cities, ru ra l  gov
e rn m e n ta l a u th o ritie s , a n d  p riv a te  e n te rp r is e ;  a n d  h e  h a d  m a in ta in e d  the 
s u p p o r t  o f  th e  leg is la tu re . H e  in fo rm e d  th e  m in is te r  o f  in te r io r  th a t w ithou t 
p o w er c o m m e n su ra te  w ith his re sponsib ility , he w ou ld  have to  co n sid er 
re s ig n a tio n .44

V on  M iller d id  n o t res ign  p rec ip ita te ly . H e  h e ld  on  to  his position  as 
c o n s tru c tio n  o n  b o th  p ro jec ts  p ro g re s se d , b u t in  th e  s p r in g  o f  1921 he 
finally  re s ig n e d  as sta te  co m m issio n e r. A n im m ed ia te  cause  fo r h is w ith
d raw al was th e  fa ilu re  o f  th e  g o v e rn m e n t to  s u p p o r t  his position  in a 
d is a g re e m e n t w ith a c o n so rtiu m  o f  B av a rian  cities a n d  severa l la rg e  pow er 
utilities. R e p re se n tin g  u rb a n , as c o n tra s te d  to  sta te , g o v e rn m e n t, th e  c o n 
so rtiu m  w an ted  th e  W alch en seew erk  to  be a p a r t  o f  th e  m ix ed -o w n ersh ip  
B ay e rn w erk  in stead  o f  b e in g  p u re ly  sta te  o w n ed  a n d  c o n tro lle d , as von 
M iller h a d  p la n n e d . V on M iller c o u n te re d  by p ro p o s in g  th a t th e  B ay e rn 
w erk , like th e  W alch en scew erk , be solely s ta te  o w n ed . T h e  B avarian  gov
e rn m e n t  c o m p ro m ise d  by fo rm in g  th re e  c o rp o ra tio n s  fo r  e lectrical supp ly  
in B avaria : o n e  fo r th e  low -head  h y d ro e le c tr ic  s ta tions o f  th e  m id d le  Isar 
R iver n e a r  M u n ich , a n o th e r  fo r  th e  W alch en seew erk , a n d  a th ird  fo r  the  
B ay ern w erk . F u r th e rm o re ,  th e  g o v e rn m e n t p ro v id e d  th a t th e se  c o rp o ra 
tions co u ld  ra ise  fu n d s  on  th e  p ub lic  m a rk e t.45

W h en  th e  th re e  s ta te  c o rp o ra tio n s  w ere fo rm e d  a n d  th e  new  o rg a n iz a 
tiona l s tru c tu re ,  w ith its ex ecu tiv e  a n d  adv iso ry  co m m ittees , b eg an  o p e r 
atin g , th e  p o sitio n  o f  Staatskommissar becam e su p e rf lu o u s . T h e  g o v e rn m e n t 
h o p e d  lo  p laca te  von  M iller by n a m in g  h im  lo  vario u s adv iso ry  co m m ittees  
a n d  a p p o in tin g  h im  g e n e ra l ad v ise r on  en e rg y  policy. In  M arch  1923 he 
gave u p  even  th is post, h o w ev er, w h en  th e  g o v e rn m e n t allow ed a n o th e r  
u tility , th e  G ro ssk ra f lw e rk  F ra n k e n  A G, to  d e v e lo p  hydroe lec tric ity  in d e 
p en d e n tly  in th e  in d u stria lly  a d v an ced  reg io n  a ro u n d  N iirn b e rg . T h is  
a g re e m e n t rem o v ed  fro m  th e  B ay ern w erk  a m a rk e t fo r electric ity  th a t

45 Kristi. Der weissblaue Despot, pp. 196. 198.
”  Von Miller lo Minister o f In terior Fritz Forties. 18 November 1919 (see note 42 above).
"  Kristi, Der weus-blnue Despot, pp. 206-10.
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w ould  have re la ted  well to  th e  rest o f  th e  system  a n d  co n tr ib u te d  to  its 
econom ic  s t re n g th . ,|6

Yet th e  B ay ern w erk , th o u g h  lim ited  in scope, a n d  th e  associated  W al- 
chen seew erk  w ere co m p le ted , a n d  on  26 J a n u a ry  1924 th e  B ayernw erk  
began  tran sm ittin g  po w er from  th e  W alchenseew erk  (see Fig. X II. 10). Fifty 
y ears la te r, ap p ro x im a te ly  h a lf  th e  electricity  su p p lied  by u tilities in B avaria  
o r ig in a te d  in th e  B ayernw erk .

In  e stab lish ing  th e  W alchenseew erk -B ayernw erk  system , von M iller d is
p layed  rem ark ab le  co n cep tu a l pow ers, technical co m p eten ce , an d  o rg a n i
zational ability. H e  also show ed by his decisions a n d  policies th e  m a n n e r  
in w hich large-scale  ad v an ced  techno logy  could  be in tro d u c e d  in to  a p r i
m arily  ag r icu ltu ra l reg ion . C h a rac te ris tic  o f  his ap p ro a c h  was an  aw areness  
o f  th e  u n iq u e  geog rap h ica l, political, econom ic, a n d  social factors th a t w ere 
sh ap in g  th e  p a r tic u la r  s itua tions he e n c o u n te re d  in Bavaria. H is w illingness 
to  re sp o n d  convincingly  to  B avarians w ho feared  th e  de fac in g  o f  th e  land -

Elektrizitalswerke E.V., Llektriulat in Bayern, 1919-1969 (Munich: VBE, 1969), pp. 16-
17.
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scape is o n e  e x a m p le  o f  his aw aren ess  a n d  flexibility . H is u n sh ak ab le  c o n 
viction th a t large-scale dev e lo p m en t o f  w ater pow er a n d  system atic, p lanned , 
reg io n a l e lec trifica tio n  w ere  a p p ro p r ia te  a n d  im p e ra tiv e  fo r B avaria  m an 
ifested  his vision a n d  his aw aren ess  o f  techno log ica l tre n d s . N o te  sh o u ld  
also be tak en  o f  th e  sen se  o f  t im in g  a n d  s itu a tio n  he e x h ib ited  as he , a 
po litical re p re se n ta tiv e  o f  th e  o ld  reg im e , seized  u p o n  th e  w illingness o f  a 
rad ica l p o stw ar re g im e  to  act d ram a tica lly  in a tim e  o f  g re a t ch a n g e , w hen  
th e  fo rces o f  tra d itio n  a n d  ro u tin e  w ere  w eak.

V on M iller is re p re se n ta tiv e  o f  th e  relatively  r a r e  e n g in e e r  w ho  is able 
a n d  w illing to  b eco m e d eep ly  invo lved  in po litics in o rd e r  to  p re s id e  over 
com p lex  ch an g e . H e  was an  e n g in e e r - e n tr e p re n e u r  w ho  took  p a r t  in the  
po litical p rocess  th a t d e te rm in e d  th e  fa te  o f  his p ro jec ts  a n d  w ho  took  into 
acco u n t a n d  p ro v id e d  fo r th e  f in an c in g , o rg a n iz a tio n , a n d  m a n a g e m e n t of 
h is p ro jec ts . F u r th e rm o re ,  h e  a t te m p te d  to  s te e r  a co u rse  th ro u g h  th e  rocks 
a n d  shoals o f  th e  b u re a u c ra tic  sea a n d  to  sail by th e  c h a n g in g  w inds of 
pub lic  o p in io n . In  o rd e r  to  e x p la in  th e  co m in g  o f  an  a d v an ced  system  of 
tech n o lo g y , o n e  m u s t lak e  in to  acco u n t th e  ro le  o f  in d iv id u a ls  like O skar 
von M iller.

In  1926, on ly  a few years a f te r  th e  B av arian s estab lish ed  a transm ission  
g r id , th e  B ritish  finally  en a c te d  leg isla tion  e s tab lish in g  a g r id  a n d  a m ore 
u n if ie d  system  o f  su p p ly . T h is  a ch iev em en t, in  a c o u n try  w hose electric  
su p p ly  h ad  lo n g  b een  p a ro ch ia l, was m o re  po litical th a n  techno log ica l a n d  
econom ic . N o in d iv id u a l p layed  as sa lien t a ro le  as von M iller h a d  in B avaria, 
b u t th e  in f lu e n c e  o f  C h a rle s  M erz was su b stan tia l. T h e  c o n flu e n c e  o f  events 
th a t b ro u g h t  th e  c h a n g e  in o rg a n iz a tio n  o f  B rita in ’s e lec tric  su p p ly  in d u s try  
can  be in te rp re te d  variously , b u t th e  now  e n d e m ic  B ritish  c o n c e rn  ab o u t 
th e  loss o f  n a tio n a l p re s tig e  a n d  p o w er a p p e a rs  to  h ave  b een  th e  m ajo r 
u n d e r ly in g  rea so n  fo r fo rm in g  a c o n sen su s to  b re a k  th e  c ru s t o f  co n se rv 
atism . T h is  c o n c e rn  fig u re s  p ro m in e n tly  in G re a t B rita in 's  n a tio n a l co n 
sc iousness to d ay  a n d  was ex p re s se d , if  less u rg e n tly , as ea rly  as th e  second  
h a lf  o f  th e  n in e te e n th  c e n tu ry . T h e  an x ie ty  has o f te n  re su lte d  in  a clash 
o f  o p in io n  a n d  a para ly sis o f  ac tion , b u t in 1926 th e  c o n sen su s was th a t at 
th e  co re  o f  th e  p ro b lem  lay th e  fa ilu re  o f  th e  c o u n try  to  d ev e lo p  th e  new est 
of e n e rg y  tech n o lo g ies . As a re su lt, B rita in ’s po litic ians gen e ra lly  ag re e d  
n o t on ly  a b o u t th e  n a tu re  oT th e  p ro b le m  b u t ab o u t th e  re m e d y  as well. 
F a ilu re  to  e lec trify  in d u s try  a n d  t r a n s p o r ta tio n  in th e  age  o f  e lec trifica tion  
was seen  as a ro o t cau se  o f  th e  c o u n try 's  fa iling  in d u s tr ia l  s tre n g th . Low- 
cost e n e rg y  a n d  th e  m o re  e ffic ien t in d u s try  th a t w ou ld  follow  u p o n  th e  
estab lish m en t o f  la rg e -a re a  e lec tric  su p p ly  w ere  c o n s id e re d  th e  so lu tions. 
T h e  fact th a t th e  re o rg a n iz a tio n  o f  B rita in ’s e lec tric  su p p ly  d id  n o t b rin g  
a d ra m a tic  reco v ery  o f  n a tio n a l s tre n g th  sh o u ld  n o t o b scu re  th e  com m it
m en t tha t was m a d e  in th e  1920s to  a p ro m is in g  a n d  u n tr ie d  so lu tion .

L ook ing  ah e a d  to  p eace tim e  policies, B rita in 's  w artim e p a r lia m e n ta ry  
co m m ittees  h ad  stre ssed  th e  n e e d  fo r  re fo rm , b u t th e ir  reco m m en d a tio n s , 
w hen  e m b o d ie d  in th e  E lectric ity  S u p p ly  A ct o f  1919, h ad  b een  g reatly  
w eak en ed  by th e  rem oval o f  co m p u lso ry  pow ers  fo r  th e  electric ity  com 
m issioners a n d  th e  su b s titu tio n  o f  v o lu n ta ry  ac tion  a n d  p e rsu as io n  (see pp . 
3 2 1 -2 2  above). I f  th e  econom ic  situ a tio n  in B rita in  h ad  n o t d e te r io ra te d  
in th e  po litical a n d  lab o r u n re s t  fo llow ing  th e  w ar, m o d es t re fo rm  m igh t 
have b een  to le ra te d , as m o d es t c h a n g e  h ad  b een  fo r decad es. B u t the
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c o u n try  e m e rg e d  fro m  th e  w ar w ith a d o m estic  a n d  fo re ig n  deb t ilint was 
estim a ted  to  be ten  tim es h ig h e r  th an  th a t o f  1914; coal m in ers  s tru ck  in 
1919, d is ru p tin g  th e  n a tio n 's  basic en e rg y  supp ly ; an ti in 1921 an  u n e m 
p lo y m en t f ig u re  o f  a lm ost a m illion led to  passage o f  th e  E m ergency  U n 
e m p lo y m en t Act. A fte r  th e  L iberal p a rty  sp lit, th e  L ab o u r p a rty  becam e 
fo r  th e  first lim e  th e  m a jo r o p p o sitio n  parly , an d  in 1924 Ram say M ac
D onald  fo rm e d  th e  first l a b o u r  cab ine t. T h e  C onserva tives  re tu rn e d  to 
p o w er th e  sa tne  year u n d e r  S tan ley  B aldw in, but they  h ad  to  c o n te n d  with 
th e  g rea t g e n e ra l s tr ik e  o f  May 1926. It was B aldw in ’s g o v e rn m e n t that 
p re s id e d  o v e r passage  o f  th e  E lectricity  S u p p ly  Act o f  1926. This act re 
o rg a n iz e d  B rita in 's  e lec tric  su p p ly  ind u stry .

T h e  g o v e rn m e n t, a n d  th e  e n g in e e rs  a n d  indu stria lis ts  w ho adv ised  it, 
knew  th a t th e  p ro b lem  o f  b r in g in g  a b o u t ch a n g e  in th e  e lec tric  su p p ly  
system  was p rim arily  political. O n e  o f  B rita in 's  le ad in g  c o n su ltin g  e n g in e e rs  
a n d  adv isers  to  th e  g o v e rn m e n t on  th e  reo rg an iza tio n  o f  e lec tric  supp ly . 
J. M. K en n ed y , said th a t th e  p la n n e d  ch an g e  “d oes not c o n te m p la te  th e  
a d o p tio n  o f  an y  policy as re g a rd s  g e n e ra tin g  s ta tion  co n s tru c tio n  o r  in te r 
co n n ec tio n  w hich has not b een  in successfu l o p e ra tio n  e ith e r  in th is o r  in 
o th e r  c o u n tr ie s .”'17 By th e  m id -1920s, th e  in te rn a tio n a l co m m u n ity  o f  e lec
trical m a n u fa c tu re rs , e n g in e e r in g  societies, a n d  lead in g  ind iv id u a l e n g i
nee rs  a n d  m a n a g e rs  was so closely knit by p u b lica tion  an d  p e rso n a l co m 
m u n ica tio n  n e tw o rk s th a t th e  p la n n e rs  cou ld  assum e th e  availability  o f  a 
pool o f  tech n o lo g ies  fro m  w hich to  draw .

T o  o rg an ize  a co m m u n ity  o f  co m m o n  in te re st in P arliam en t was m o re  
d ifficu lt. T h e  m a jo r c ircu m stan ces fav o rin g  a d o p tio n  a n d  im p lem en ta tio n  
o f  g o v e rn m e n t-sp o n so re d  reo rg a n iz a tio n  was th e  p re sen ce  o f  a C o n se rv 
ative g o v e rn m e n t th a t fav o red  it a n d  a L ab o u r o p p o sitio n  th a t su p p o r te d  
it as well. T h e  C o n serv a tiv e  c o m m itm en t was co n d itio n ed  by th e  w idely 
he ld  b e lie f th a t re o rg a n iz a tio n  o f  a lead in g  sec to r o f  th e  in d u s tria l econom y 
w ould  e n h a n c e  B rita in ’s po w er— electric , in d u s tria l, a n d  in te rn a tio n a l. The 
F ed e ra tio n  o f  B ritish  In d u s tr ie s , w hich re p re se n te d  a b ro ad  sam p lin g  o f  
priv a te  e n te rp r is e ,  d e se r te d  th e  rig id  s tance o f  o p p o sitio n  to  g o v e rn m e n t 
invo lvem en t in th e  in d u s tr ia l e conom y a n d  se ttled  fo r  token  a m e n d m e n ts  
to  th e  ev en tu a l e lectric ity  bill. A fte r  initial resistance, th e  In s titu tio n  o f  
E lectrical E n g in ee rs  also su p p o r te d  th e  bill. T h e  publicity  given th e  various 
re p o rts  o f  p a rlia m e n ta ry  co m m ittees  in p o p u la r  jo u rn a ls  em p h asized  the  
p ro m ise  o f  a labo r-sav ing  electric  age a n d  m arsh a led  public  s u p p o rt fo r 
th e  m easu res . T h e  p red ic tio n  o f  en g in ee rs  th a t th e  reo rg an iza tio n  w ould 
re su lt in im m en se  en e rg y  savings fo r th e  n a tio n  a n d  re s to re  its in d u stria l 
s tre n g th  also in flu en ced  public  o p in io n ." ’ The co m m ittee  re p o rt on  w hich 
th e  1926 act was based  in c lu d ed , fo r ex am p le , a tab le  show ing  in s im p lified  
fo rm  th e  “co n su m p tio n  p e r  h ead  o f  p o p u la tio n ’’ o f  e lectric ity  in various 
reg io n s o f  th e  w orld . G rea t B rita in  fell a t th e  e n d  o f  a list o f  reg ions, cities, 
a n d  co u n tr ie s  h e a d e d  by C alifo rn ia , C hicago , a n d  C an ad a  an d  in c lu d in g

•"J. M. Kennedy. lieport on the Operations of the Proposed Central Electricity Board, prepared 
Tor the Ministry or T ransport (June 1926). p. 8; copy in the Electricity Council Archives, 
London.

•i" Leslie H annah, Electricity Before Nationalisation (Baltimore: The Johns Hopkins University 
Press. 1979). pp. 96-97.
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T asm an ia , S h a n g h a i, a n d  S ydney . F o rm e r co lonies a n d  sm all co u n trie s  
seem ed  fa r  b e lte r  p r e p a re d  fo r  th e  e lectrical age  th a n  th e  n a tio n  th a t h ad  
o n ce  b een  th e  w o rld ’s u n d is p u te d  in d u s tr ia l  pow er. T h e  ad v a n ta g e  en joyed  
in several o f  th e se  reg io n s  b ecau se  o f  a b u n d a n t h y d ro e lec tric  p o w er was 
n o t s tre sse d .49

Prim e M in iste r B aldw in  d ed ic a te d  his e n e rg ie s  to  o rg a n iz in g  su p p o r t  for 
th e  re o rg a n iz a tio n  p lan  in P a rliam en t. H e  co u ld  c o u n t on  L a b o u r  su p p o r t 
because  m an y  o f  th e  L a b o u rite s  saw  th e  e s ta b lish m e n t o f  reg io n a l supp ly  
as a s te p  to w ard  e v e n tu a l n a tio n a liza tio n  o f  e lec tric  su p p ly . B aldw in  n am ed  
L o rd  W eir o f  E astw ood c h a irm a n  o f  a c o m m ittee  to  c o n s id e r  th e  n a tiona l 
p ro b lem  o f  e lec tric  su p p ly  a n d  to  re c o m m e n d  leg isla tion . W eir, a p ro m in e n t 
Scot in d u s tr ia lis t a n d  h e a d  o f  a Scottish  e n g in e e r in g  c o m p an y , h a d  m ade  
a n a m e  fo r  h im se lf  d u r in g  W orld  W ar I as d ire c to r  g e n e ra l o f  a irc ra ft 
p ro d u c tio n  a n d  th e n  as s e c re ta ry  o f  sta te  fo r  a ir. H e  m a d e  it c lea r th a t he 
believed  th e  e lec tric  su p p ly  in d u s try  was in n eed  o f  reo rg a n iz a tio n , a n d  he 
p ro m ise d  to  fo rm  a co m m ittee  th a t w ou ld  be sm all a n d  sp eed y  a n d  th a t 
w ould  re p o r t  in fav o r o f  “a new  elec trica l e n e rg y  policy invo lv ing  in its 
a p p lica tio n  c o u ra g e  a n d  possibly a co n s id e ra b le  financ ia l in v es tm en t.”50 
K n o w led g eab le  a b o u t co m m ittee  te m p o riz in g , W eir a lso  to ld  B aldw in  th a t 
h e  sh o u ld  n o t e x p ec t a re p o r t  th a t s im ply  f u r th e re d  d e v e lo p m e n t along  
ex is tin g  lines.

W h en  th e  W eir r e p o r t  was re lea sed  in 1926, it se rv ed  as th e  d o c u m e n t 
o f  re fe re n c e  fo r  re fo rm  advoca tes. T h e  c o n d itio n  o f  e lec tric  su p p ly  in 
B rita in  was d esc r ib ed  as “very  d isq u ie tin g .” B ut th e re  was a re m e d y — 
in te rc o n n e c tio n — n o t o n ly  fo r  th e  la rg e  a rea s  id e n tif ie d  by th e  legisla tion  
o f  1919, b u t fo r  th e  a rea s  b e tw een  th e m ; in te rc o n n e c tio n  w ou ld  c re a te  a 
n a tio n a l system . T h e  W eir c o m m ittee  d isco u n te d  th e  c o u n try ’s lack o f  hy 
d ro e lec tric ity  sites a t a lim e  w hen  w a te r  p o w er was b e in g  rap id ly  e x p lo ited  
an d  widely ce le b ra te d  th ro u g h o u t  m u ch  o f  th e  w o rld , b ecau se , it v e n tu re d , 
B rita in  co u ld  ex p lo it coal, h ad  th e  ad v a n ta g e  o f  a h ig h  level o f  u rb an iza tio n , 
an d  h ad  in close p ro x im ity  in d u s tr ia l  load  c en te rs . G re a t B rita in , W e ir’s 
co m m ittee  rea so n e d , "is in m any  re sp ec ts  an  ideal e lectrical a re a , a n d  is fa r 
m o re  com pact th an  o th e r  co u n tries .’’51 C om m en tin g  u p o n  the rep o rt, C harles 
M erz sa id , n o n p e jo ra tiv e ly , th a t B rita in 's  g rid  w ould  be m o re  like a h igh- 
vo ltage d is tr ib u tio n  system  th a n  a tran sm iss io n  system . H e  was u sin g  th e  
d istin c tio n  com m o n ly  m a d e  b e tw een  lo n g -d is tan ce  tran sm issio n  a n d  sh o rt-  
d is tan ce  d is tr ib u tio n . As he h ad  said ea r lie r ,

Proceeding on these lines [high-voltage distribution for the compact industrial 
districts o f England] we shall not be merely copying America o r Germany—we 
shall be doing som ething that is right for England because it is England, because 
England is radically different from o ther countries as regards the technical 
developm ent and layout necessary to secure cheap pow er.^

w Great Britain, Ministry o f T  ransport, Report of the Committee Appointed to Review the National 
Problem of the Supply of Electrical Energy (London: MMSO, 1926), p. 6. T he committee was 
headed by Lord W eir o f Eastwood. H ereafter cited as the W eir Report.

““ Weir to W ilfred Ashley, I December 1924, quoted in H annah, Electricity Before Nation
alisation, p. 90.

81 Ministry of T ransport, Review of the Supply o f Electrical Energy, p. 8.
M Charles H. Mcrz, "Electrical Power Distribution," Engineerine 102 (1916): 262-63.



3 5 3  P L A N N E D  S Y S T E M S

In  su g g estin g  th a t a p ro u d  n a tio n  cou ld  m ove fro m  a b ackw ard  s ta tu s  to 
an  adv an ced  o n e  w ith o u t sim ply  fo llow ing  th e  lead e rs , M erz ex h ib ited  
p sychological acuity .

T h e  G rid  was th e  essence  o f  th e  te chno logy  p ro p o se d  by th e  W eir co m 
m ittee  a n d  its co n su ltin g  en g in ee rs . C h a rle s  M erz gave th e  new  system  this 
nam e  a f te r  o b se rv in g  th a t th e  ne tw o rk  o f  h igh -vo ltage  tran sm issio n  lines 
th a t w ould  crisscross th e  c o u n try s id e  look  th e  sh a p e  o f  a g rea t g r id iro n  
im p o sed  u p o n  a m ap  o f  th e  co u n try . T h e  g r id iro n  o f  tran sm issio n  lines 
was to  in te rc o n n e c t se lec ted  s ta tio n s a n d  to  co n n ec t w ith ex is tin g  a n d  fu tu re  
d is tr ib u tio n  system s. T h e  G rid  was p re se n te d  to  th e  pub lic  as a na tio n a l 
system , b u t in fact it was first o rg an ized  as a n u m b e r  o f  reg io n a l t ra n s 
m ission system s w ith, be tw een  th e  system s, rela tively  sm all c o u p lin g  t ra n s 
m ission lines w hose c e n tra l co n tro ls  w ere located  in reg io n a l h e a d q u a r te rs .

T h e  ben e fits  th a t w ere ex p ec ted  to  a cc ru e  w ere know n  in in d u s tr ia l 
reg io n s o f  th e  w orld  w h e re  la rg e -a rea  su p p ly  a lread y  ex is ted . T h e  W eir 
co m m ittee  re p o r t ,  w hich was w ritten  fo r  m em b ers  o f  P a rliam en t a n d  fo r 
in te re s te d  p e rso n s  w ho lacked  techn ica l tra in in g , su m m arized  th e  “ technical 
c o n s id e ra tio n s” as follow s: “g en e ra tio n  in la rg e  s ta tions, favourab ly  s itu a ted  
as re g a rd s  fuel, w a te r a n d  load  w ith un its  o f  c o m p ara tiv e ly  la rg e  capacity ; 
th e  m in im u m  leg itim ate  a m o u n t o f  stan d -b y  p lan t; a n d  th e  h ig h est o b 
ta in ab le  load  fac to r, to  s ecu re  w hich s ta tions sh o u ld  be in te r-c o n n e c te d  w ith 
o n e  a n o th e r ." 53 A cco rd in g  to  th e  re p o r t ,  th e  ex is ting  load  fac to r in B rita in  
was “u n re a so n a b ly  low .” T h e  ju x ta p o s itio n  o f  load  fac to r a n d  n a tiona l 
s tre n g th  sh o w ed  th a t B rita in  was no  lo n g e r  in th e  e ra  o f  Ja m e s  W att; it 
h ad  e n te re d  th e  e ra  o f  C h a rle s  M erz.

M erz was a p rin c ip a l ad v ise r to  th e  W eir co m m ittee ; th e  p ro m in en ce  
g iven in th e  r e p o r t  to  th e  testim o n y  o f  S am uel Insu ll, h ead  o f  th e  C hicago  
e n te rp r is e  C o m m o n w ea lth  E d ison , was n o t an tic ip a ted . Insu ll was cited  
several tim es as a (if n o t the) le ad in g  a u th o rity  on  electric  supp ly . L ord  
W eir c h a ra c te r iz e d  h im  as “th e  g re a te s t au th o rity  on  e lec tric ity .”5,4 Insu ll's  
n am e , p ro m in e n tly  fe a tu re d  in  th e  re p o r t,  p ro v id es  a  re m in d e r  th a t B rita in  
was lo o k in g  to  A m erica  fo r  techno log ica l le ad e rsh ip  a n d  th a t Insu ll was an  
u n u su a lly  a rticu la te , if  so m etim es co lloquial, sp o k esm an  fo r th e  concep ts  
o f  th e  e lectrical e ra . I t sh o u ld  a lso be reca lled  th a t M erz a n d  In su ll w ere 
p e rso n a l f r ie n d s  a n d  p ro fe ssio n a l associates w hose ties co n s titu ted  a tech- 
n o lo g y -tra n sfe r  b rid g e . T h e  W eir r e p o r t q u o te s  In su ll’s “s trik in g  s ta tem en t"  
th a t th e  “only  lim it to  th e  a m o u n t o f  business [electric supp ly ] . . .  if  the  
p ro p e r  a m o u n t o f  b ra in s  is d ev o ted  to  th e  e n g in e e r in g  o f  selling th e  e n 
erg y ,” is th e  a m o u n t o f  cap ita l invested . In su ll h ad  also to ld  th e  co m m ittee  
th a t “an y  m an  w ho re fu se s  it ( in te rco n n ec tio n )— a n d  I will no t ex c lu d e  
E n g lan d — does n o t u n d e rs ta n d  th e  fu n d a m e n ta l econom ies o f  th e  busi
n ess ."55 T h e  B ritish  in 1926 w ere n o t averse  to  le a rn in g  th e  business o f  
e lectrical te chno logy  fro m  th e ir  A m erican  cousins, a n d  Insu ll was easie r to  
a ccep t as an  ad v ise r because h e  was B ritish -bo rn . The fact th a t C harles  
M erz h ad  o f ten  se rv ed  as a co n su ltan t to  Insu ll also boosted  n a tiona l p rid e .

“  W eir Report, p. 7.
MWcir to Wilfred Ashby, M.P., Weir Correspondence (9/1). Churchill College Archive*. 

Cambridge, England.
“  Weir Report, pp. 5 and 8.
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T h e  E lectric ity  S u p p ly  A ct o f  1926, w hich  in c o rp o ra te d  th e  re c o m m e n 
d a tio n s  o f  th e  W eir c o m m ittee  a n d  its techn ica l adv ise rs , rece ived  th e  royal 
a ssen t on  15 D ecem b er 1926. T h e  leg isla tion  p ro v id e d  fo r th e  c rea tio n  of 
a C e n tra l  E lectric ity  B o a rd  (C EB ) w ith ex ecu tiv e  po w ers  to  co n s tru c t a n d  
o p e ra te  th e  G rid . T h e  e lec tric ity  co m m issio n e rs  h a d  a lread y  b eg u n  p la n 
n in g  a n d  w ere  to  se rv e  as ju r id ic a l adv ise rs  to  th e  C e n tra l E lectricity  B oard  
in techn ica l m a tte rs . T h e  b o a rd  c o n c e p t was m o re  o rig in a l th a n  th e  tech 
nical a sp ec ts  o f  th e  G rid . A p ub lic  c o rp o ra tio n  th a t was ab le  to  ra ise  its own 
fu n d s , th e  CEB  was o rg a n iz e d  a n d  a d m in is te re d  by g o v e rn m en t-sa la r ied  
m a n a g e rs  a n d  e n g in e e rs  w ho  w ere  n o t p a r t  o f  th e  civil serv ice . T h e  salaries 
o f  its le a d in g  p e rso n n e l w ere  h ig h e r  th a n  th o se  o f  p e rso n s  w ith co m p arab le  
e x p e rie n c e  a n d  resp o n sib ility  in th e  civil serv ice . T h e  C EB  was e lig ib le  for 
financ ia l g u a ra n te e s  f ro m  th e  T re a s u ry  to  a id  it in ra is in g  fu n d s , b u t these 
cam e fro m  th e  sale  o f  in te re s t-b e a r in g , n o n v o lin g  slock to  th e  public . T h e  
C EB  n e v e r  u sed  th e  financial g u a ra n te e ,  b u t ra ised  m o n ey  en tire ly  on  its 
ow n c red it.  T h e  c h a irm a n  a n d  e ig h t b o a rd  m e m b e rs  w ere  n a m e d  by the 
m in is te r  o f  t ra n s p o r t  a n d  w ere su b jec t to  d ism issal (also by th e  m in is te r  of 
t r a n s p o r t)  on ly  if  a b sen t f ro m  th e ir  d u tie s  fo r  six m o n th s  o r  m o re . T h e ir  
te rm s  ra n g e d  fro m  five to  ten  years. As a c o rp o ra te  body , th e  b o a rd  had  
th e  s ta tu s  o f  an  a u th o r iz e d  e lectrical u n d e r ta k in g  (u tility ) w hich  ow n ed  a n d  
o p e ra te d  th e  G rid  on  b e h a lf  o f  th e  g o v e rn m e n t.5fi C o n serv a tiv es  w ere  sa t
isfied b ecau se  th e  C EB  was n o t a n a tio n a lized  a u th o r ity  o r  g o v e rn m e n t 
d e p a r tm e n t ,  b u t an  o rg a n iz a tio n  m a n a g e d  by “p rac tica l"  m e n  w ho  w ere in 
close to u ch  w ith in d u s try . A lth o u g h  th e  c o n cep t was o r ig in a l in m any  re 
spects, it was n o t as o rig in a l as som e o f  its p ro p o n e n ts  a n d  so m e  h is to rians  
believed . T h e  p u b lic -c o rp o ra lio n  co n cep t h a d  b een  e m b o d ie d  in th e  o r 
g an iza tio n  o f  th e  B ay e rn w erk  in B avaria  a n d  in th e  th e o ry  o f  G ian t Pow er 
d e f in e d  by G o v e rn o r  P incho t a n d  M orris  C o o k e  in P en nsy lvan ia  (see pp . 
3 3 4 -5 0  a n d  2 9 7 -3 1 2  above).

In  e ffec t, th e  c h a irm a n  o f  th e  C EB  b ecam e th e  m a n a g in g  d ire c to r  o f  th e  
G rid . H is was th e  on ly  fu ll-tim e  p o sitio n  on  th e  b o a rd . T h e  m in is te r o f  
tra n s p o r t  ch o se  as c h a irm a n  S ir A n d rew  D u n can , a Scot a n d  a m e m b e r  o f  
a firm  o f  in d u s tr ia l  law yers. D u n can  h ad  a ttra c te d  p ub lic  a tte n tio n  as a 
sk illed  n e g o tia to r  w ho  was k n ig h te d  a f te r  re so lv ing  th e  coal d isp u te  o f  1920. 
Forty -tw o  y ears o ld  in 1926, D u n can  h ad  a re p u ta tio n  fo r  C eltic c h a rm , 
tact, a n d  p a tie n c e .57 F o r th e  c h a irm a n  o f  th e  C E B , th ese  q u a lities  p ro v ed  
m o re  im p o r ta n t th a n  in tim a te  k n o w led g e  o f  th e  te ch n o lo g y  o f  la rg e -a rea  
su p p ly . D u n can  chose  A rch ib a ld  Page as th e  c h ie f  e n g in e e r  a n d  g en e ra l 
m a n a g e r  fo r  th e  C E B . P age h ad  b een  an  elec tric ity  c o m m iss io n e r b e fo re  
leav ing  th a t post to  b eco m e g e n e ra l m a n a g e r  o f  th e  C o u n ty  o f  L o n d o n  
P ow er C o m p an y , w hich  was o rg a n iz e d  to  su p p ly  th e  utilities o f  east L on d o n . 
T w o  se n io r  e n g in e e rs  w ere  n a m e d  to  assist h im : H a ro ld  H o b so n , w ho h ad  
w orked  fo r  M erz & M cL ellan ; a n d  J o h n s to n e  W rig h t, w ho h ad  tra in e d  
w ith th e  N ew castle  u p o n  T y n e  E lectric  S u p p ly  C o m p an y  (N E SC O ). T h e se  
th re e  e n g in e e rs  re m a in e d  w ith th e  C EB  u n til th e  m id -1940s, a n d  each

M Great Britain. Ministry o f T rans|>ort, Memorandum on the Electricity (Supply) Bill, 1926 (16 
Sc 17 Geo. 5. ch. 5 1) (London: I1MSO, 1926). pp. 1—4; I l;inn;ih, Electncity Before Nationalisation.
pp. 100-101.

”  H annah, Electricity Before Nationalisation, p. 102.
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serv ed  a te rm  as ch a irm a n . C h a rle s  M erz h ad  b een  a likely c a n d id a te  to  
head  th e  C E B , b u t he  was co n s id e red  too  close to  com m erc ia l in te re s ts  in 
th e  in d u s try , a n d  J o h n  Snell, techn ica l e x p e r t  a n d  h e a d  o f  th e  e lec tric ity  
com m issioners , w an ted  to  ad m in is te r  th e  G rid , b u t he  was c o n s id e re d  n o t 
tac tfu l e n o u g h  as a n eg o tia to r . A cco rd in g  to  his ow n testim o n y , S am uel 
In su ll h ad  b een  a sked  by th e  p r im e  m in is te r to  h ead  th e  C E B , b u t h ad  
re fu se d .50

T h e  leg isla tion  p ro v id in g  Page a n d  his associates w ith th e  au th o rity  to  
re o rg a n iz e  th e  n a tio n 's  e lec tric  su p p ly  in d u s try  re su lted  fro m  in n o v atio n s 
in tro d u c e d  by a co m m ittee  re p re s e n tin g  m an ifo ld  in te re s ts . T h e  te c h n o 
logical a n d  o rg an iza tio n a l ch an g es  b ro u g h t fo r th  by th e  1926 act w ere 
co m p lex  a n d  m a d e  p a lp ab le  th e  m u ltitu d e  o f  p riv a te  a n d  c o rp o ra te  in te r 
ests re p re s e n te d  in P a rliam en t. F u r th e rm o re , n o t all o f  th e  su b tle ties  o f  
c o n c e rn  co u ld  be m a d e  exp lic it in th e  legisla tion  a n d  th e  p ro c e d u re s  d e riv ed  
fro m  it. T h e re fo re ,  ju d g m e n t  a n d  political skill h ad  to  be u sed  to  b r in g  
a b o u t th e  in te n d e d  ch an g es.

T h e  C en tra ] E lectric ity  B o a rd , th e  e lectric ity  com m issioners , a n d  th e  
adv iso ry  c o n su ltin g  e n g in e e r in g  firm s av o id ed  th e  te m p ta tio n  o f  a ssu m in g  
th a t techn ica l ex p e rtis e  co u ld  solve th e  p ro b lem s. T h e y  rea lized  th a t d e 
cisions, in c o n tra s t  to  so lu tio n s to  p ro b lem s, w ere  n e e d e d ; o n e  best an sw er 
was n o t to  be  fo u n d . T h e ir  a u th o rity , they  also wisely ackn o w led g ed , was 
lim ited . Page, a n  e x p e rie n c e d  n e g o tia to r , u n d e rs to o d  th a t p ersu asiv e  skill 
was o f  th e  essence , fo r  th e  dec isions th e  b o a rd  m em b ers  h ad  to  m ake  
re q u ire d  th a t they  v e n tu re  bey o n d  th e  lim its o f  th e ir  d e f in e d  pow ers. In  
sh o rt,  Page a n d  h is associates h ad  to  fu n c tio n  as politic ians as well as e n 
g ineers .

T yp ica l o f  th e  cha llen g es th e  b o a rd  faced  a n d  th e  political tactics it e m 
ployed  w ere  th e  dec isions m a d e  ab o u t "se lec ted ” s ta tions. T h e  law p ro v id ed  
th a t, w ith  th e  adv ice  o f  th e  electric ity  com m issioners , th e  CEB  sh o u ld  select 
th e  p o w er sta tio n s to  in c lu d e  in th e  G rid . Q u an tita tiv e  g u id e lin e s  w ere to  
be ap p lied . I f  an  o p e ra tin g  p o w er s ta tion  g e n e ra te d  electric ity  a t a cost 
g r e a te r  th a n  w hat it w ould  cost to  p u rc h a se  po w er fro m  th e  G rid , this 
s ta tion  was n o t “se lec ted .” T h e  estim a ted  cost o f  su p p ly  fro m  th e  p o w er 
s ta tion  was ca lcu la ted  w ith o u t in c lu d in g  cap ita l costs, fo r  these  w ere “su n k ,” 
o r  n o t sub jec t to  ch an g e . O n  th e  o th e r  h a n d , th e  co m p ara tiv e  cost o f  
electric ity  su p p lie d  fro m  th e  G rid  in c lu d ed  cap ita l costs such  as e x p e n d i
tu re s  to  be m a d e  in c o n s tru c tin g  th e  G rid . T h is  fo rm u la  fo r  ca lcu la tion , 
w hich involved  m o re  com plex ities th a n  those n o ted , m ean t th a t th e  o p 
e ra tin g  costs o f  ex is tin g  s ta tions w ere to  be c o m p a re d  to  th e  o p e ra lin g -  
p lu s-cap ita l costs o f  th e  G rid . T h e  ap p ro a c h  was c o m p reh en s ib le . T h e  
elec tric  su p p ly  in d u s try  h a d  g row n  rap id ly  th ro u g h o u t th e  w orld  because 
th e  o p e ra lin g -p lu s-cap ita l costs o f  new  techno logy  o ften  w ere less th an  th e  
o p e ra tin g  costs o f  o ld technology . F or this reaso n , o ld  p lan ts  cou ld  o f ten  
be a b a n d o n e d  b e fo re  b e in g  am o rtized .

Page a n d  his associates u n d e rs to o d , how ever, th a t th e  cost ca lcu lations 
failed  to  lake  in to  accoun t n o t on ly  a n u m b e r  o f  econom ic  variab les b u t 
no n eco n o m ic  su b stan tive  consid e ra tio n s as well. Pow er s ta tion  ow ners  in 
sisted , fo r in stance , th a t they  in te n d e d  to  in tro d u ce  techno logy  tha t w ould

58 Forresl McDonald. Insull (Chicago: University of Chicago Press. 1962). p. 276.
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dram a tica lly  low er th e ir  costs. In  ad d itio n , th e  o p e ra tin g  a n d  cap ita l costs 
o f  th e  G rid  w ere  d e p e n d e n t  u p o n  u n p re d ic ta b le  varia tio n s in m ateria l a n d  
lab o r p rices. J u s t  as im p o r ta n t w ere  th e  n o n eco n o m ic  fac to rs  th a t th e  cal
cu la tio n s ig n o re d , b u t th a t Page, th e  po litic ian , co u ld  no t. A m o n g  these  
was th e  p r id e  th e  m a n a g e rs  a n d  e n g in e e rs  a n d  p riv a te  a n d  m u n ic ip a l o w n 
ers  o f  p o w er p la n ts  to o k  in  th e ir  o rg a n iz a tio n s  a n d  tech n o lo g y  a n d  in th e  
au th o rity  th ey  h e ld . T h is , as has b een  seen , was a c o n s titu e n t o f  p a ro c h i
alism . B ecause  o f  vested  in te re s ts ,  th e n , th e  b o a rd  se lec ted  m o re  s ta tions 
th a n  th e  W eir c o m m ittee  re c o m m e n d e d . T h e  r e p o r t  called  fo r  th e  n u m b e r  
o f  “se le c te d ” s ta tio n s  to  be lim ited  to  60 ; th e  elec tric ity  com m issioners  
id en tif ied  118; a n d  th e  C e n tra l  E lectric ity  B o a rd  d e s ig n a te d  140.59

As d e f in e d  in th e  E lectric ity  S u p p ly  Act o f  1926, th e  re la tio n sh ip  betw een  
th e  new  C e n tra l  E lectric ity  B o a rd  a n d  its p red ecesso rs , th e  electric ity  com 
m issioners , was co m p lex  a n d  le ft m u ch  to  in te rp re ta tio n  a n d  th e  g u id e lin e s  
o f  ex p e rie n c e . T h e  act gave th e  e lec tric ity  co m m issio n e rs  re sponsib ility  fo r 
in a u g u ra t in g  p la n n in g  fo r  th e  G rid  b ecau se  they  h ad  h a d  th e  ex p e rie n c e  
u n d e r  th e  act o f  1919 o f  e n c o u ra g in g  reg io n a l schem es. U ltim a te  re sp o n 
sibility fo r  o w n in g  a n d  o p e ra tin g  th e  G rid , h ow ever, w ould  be lo d g ed  with 
th e  C E B . D u r in g  p la n n in g  a n d  co n s tru c tio n  b o th  th e  e lectric ity  co m m is
s io n e rs  a n d  th e  C EB  w ould  have th e  a u th o r ity  to  re ta in  c o n su ltin g  en g i
n ee rs . B rita in 's  le ad in g  c o n su ltin g  firm s— M erz 8c M cL ellan , K en n ed y  8c 
D o n k in , a n d  H ig h fie ld  8c R o g e r S m ith — w ere  re ta in e d  to  adv ise  th e  b o a rd  
on  such  m a tte rs  as th e  ro u tin g  o f  h ig h -v o ltag e  lines a n d  th e  selec tion  of 
p o w er sta tio n s. A fte r  th e  G rid  b eg an  o p e ra tin g ,  th e  co m m issio n e rs  c o n tin 
u e d  to  fu n c tio n  as th e  b o a rd ’s te chn ica l ad v ise rs  a n d  as a q u asi-ju rid ica l 
body  h e a r in g  ap p e a ls  fro m  utilities ab o u t d ec is ions o f  th e  C E B  a n d  o p 
e ra tio n s  o f  th e  G rid . T h e  e lec tric ity  co m m issio n e rs , u n d e r  th e  g en e ra l 
d ire c tio n  o f  th e  M inistry  o f  T ra n s p o r t ,  re m a in e d  th e  re g u la to ry  a u th o rity  
fo r  su p p ly  co m p an ie s , o r  utilities, so th e  C E B , as an  a u th o riz e d  su p p lie r  
o w n in g  a n d  o p e ra t in g  th e  G rid , was sub jec t to  th e  c o m m iss io n e rs ’ re g u 
la to ry  d ec is io n s.90

As is e x p e c te d  in s itu a tio n s  w h e re  co m p lex ities , p re s e n t a n d  fu tu re ,  defy  
th e  lay ing  d o w n  o f  ru le s  a n d  p ro c e d u re s , con flic ts a ro se  b e tw een  th e  com 
m issio n e rs  a n d  th e  b o a rd . Leslie H a n n a h ,  th e  h is to rian  o f  e lectric  supp ly  
in B rita in , co n c lu d e s  th a t " th e re  was ra re ly  a ny  g re a t w a rm th  in th e  re la tions 
be tw een  th e  tw o bo d ie s  [b o a rd  a n d  co m m iss io n e rs ] ."61 T h e  electric ity  com 
m issioners , h e a d e d  by th e  e n g in e e r  S ir J o h n  Snell, p r e f e r r e d  technically  
n e a t so lu tio n s; th e  C E B  o p te d  fo r  cho ices th a t w ere m o re  heavily  w eigh ted  
by relatively im precise  econom ic considera tions an d  influenced  by th e  vested 
in te re s ts  w hose  c o o p e ra tio n  was so u g h t. Snell a lso h ad  d iffe re n c e s  w ith

H annah, Electricity Before Nationalisation, pp. 112-13.
0,1 An excellent analysis o f the functioning o f the C.EB and the commissioners is found in 

a report Merz 8c McLcllan prepared  for Consolidated Edison Co. o f New York. Report on 
Electric Service in New York, London, Paris, and Berlin (London: Merz 8c McLellan. 1937); I am 
grateful to Dorothy Ellison for calling this report to my attention. T he plan for the Grid that 
Merz 8c McLellan prepared  for the Ministry o f  T ransport was entitled National Electricity 
Supply: Technical Scheme (May 1926); J. M. Kennedy’s report for the same ministry was entitled 
Report on the Operations of the Proposed Central Electricity Board (June 1926); copies o f both are 
in the Electricity Council Archives, London.

01 H annah, Electricity Before Nationalisation, p. 108.
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C h arle s  M erz. B o th  m en  en jo y ed  su b stan tia l p re s tig e  in e n g in e e r in g  circles, 
so th e ir  d iffe re n c e s  w ere n o t easily reso lved . Snell h ad  se rv ed  w ith d is 
tin c tion  as an  e n g in e e r  a f te r  co m p le tin g  his stu d ies  a t K ing ’s C ollege, L o n 
d o n . W hile  M erz was m ak in g  his n am e  as an  adv iser to  a n d  d ire c to r  o f  the 
p riva te ly  ow n ed  N E SC O , Snell was m ak in g  his as an  e n g in e e r  fo r  m u n ic 
ipally ow n ed  utilities, in c lu d in g  o n e  on  th e  n o rth e a s t coast o f  E n g lan d  tha t 
re m a in e d  in d e p e n d e n t  o f  th e  N E SC O  n e tw ork . Snell, how ever, s h u n n e d  
th e  pa ro ch ia l a tta c h m e n ts  th a t fo s te red  sm all-scale su p p ly  a n d  advoca ted  
large-sca le  o p e ra tio n s  fo r  m un ic ipa lly  ow n ed  u tilities.

T h e  d iffe re n c e s  b e tw een  M erz a n d  Snell cam e  to  a h ead  a f te r  M erz’s 
co n su ltin g  firm  accep ted  th e  a ssig n m en t f ro m  th e  M inistry  o f  T ra n s p o r t  
to  advise  th e  co m m issio n e rs  in in itia tin g  p lan n in g  fo r th e  G rid . M erz 8c 
M cLellan was resp o n sib le  fo r p la n n in g  several o f  th e  reg io n a l system s th a t 
w ould  m ak e  u p  th e  G rid . T h is  re q u ire d  th a t th e  co m p an y  c o n d u c t a su rvey  
to  asce rta in  th e  o u tp u t  a n d  load  cu rv es o f  ex is ting  u tilities. T h e  co n su ltin g  
en g in e e rs  a lso id en tif ied  “se lec ted ” p o w er s ta tions a n d  re c o m m e n d e d  tra n s 
m ission-line ro u te s . M erz soon  d ec id ed , how ever, th a t th e  g u id e lin e s  Snell 
had  la id  do w n  w ould  re su lt in a flaw ed p lan  fo r  th e  CEB . A n tic ip a tin g  th a t 
th e  C EB w ould  call u p o n  his f irm ’s services d u r in g  th e  co n s tru c tio n  phase , 
M erz d ec id ed  to  w ith d raw  fro m  th e  p la n n in g  in o rd e r  to  avoid  b e in g  in 
th e  position  to  c a rry in g  o u t a p lan  w ith which he d id  n o t a g ree . Snell 
c o m p la in ed  th a t th e  w ork  o f  M erz 8c M cLellan was m ov ing  too  slowly a n d  
at too  g re a t an  e x p e n se  c o m p a re d  w ith th a t o f  o th e r  co n su ltan ts . A fte r  
several m ee tin g s, Snell accep ted  th e  f irm ’s w ithd raw al. A c o m p ro m ise  a l
low ed M erz 8c M cL ellan  en g in e e rs  to  com p le te  th e  p la n n in g  w hile w ork in g  
as ind iv idua ls . S u b seq u en d y  th e  CEB d id  re ta in  M erz 8c M cLellan as c o n 
su ltin g  en g in e e rs , as has been  n o te d .62

T h e  W eir r e p o r t  co rrec tly  p re d ic te d  th a t co n s tru c tio n  o f  th e  G rid  w ould  
n o t involve u n p re c e d e n te d  techno logy . B ritish  e n g in e e rs  h ad  so lved m any 
o f  th e  m ost d ifficu lt techn ica l p ro b lem s o f  th e  electrical e ra , b u t th e  G rid  
was a la rg e -a re a  tran sm issio n  system  th a t h ad  b een  in tro d u c e d  e a r lie r  e lse
w here . T h e  132,000  volts d ec id ed  u p o n  fo r tran sm issio n  was well below 
th e  220 ,000  u sed  in th e  U n ited  S tates a n d  G erm an y  by 1926, a n d  th e  
tran sm issio n  d is tan ces  w ere s h o rte r . T h u s , B rita in 's e n g in ee rs  c o n c e n tra te d  
o n  a host o f  rela tively  ro u tin e  p ro b lem s th a t w ere co m plica ted  m o re  by 
th e ir  n u m b e r , a lig h t sch ed u le , a n d  econom ic d im en sio n s th a n  by techn ical 
ch a llenge . T h e  econom ic  aspects w ere o f  th e  k ind  best co n s id e red  by e n 
g in ee rs  like C h a rle s  M erz a n d  his c o n su ltin g  en g in e e r in g  co lleagues, w ho 
w ere accu sto m ed  to  m ak in g  decisions based  on  an  o p tim u m  m ix o f  costs 
a n d  techn ica l efficiency.

S ta n d a rd iz a tio n  o f  vo ltage, p hase , a n d  freq u en cy  was o n e  o f  th e  econom ic 
a n d  techn ica l decisions G rid  e n g in ee rs  m ade. S tan d a rd iza tio n  was an  es
pecially m essy p ro b lem  in B rita in  because o f  th e  diversity  em b o d ied  in its

"® Correspondence in bound volume enlided "Electricity Supply Act (1926): Memoranda 
and Im portant Correspondence," Mcrz Sc McLellan Co. Archives, Ambcrley, Killingworth, 
near Newcastle upon Tyne, England. Sec especially J . Snell to Merz. 21 August 1926; Snell 
to Merz, 29 March 1927; Mcrz to Snell. 30 March 1927; notes on a meeting of Mcrz and 
Snell, 5 July 1927; notes on an interview, Snell, Mcrz. McLcllan, and Leggai. 7 July 1927; 
and m em orandum  Trom Leggai (or Merz Sc McLellan) to Merz. 14 July 1927. See also H annah. 
Electricity Before Nationalisation, pp. 111-12.
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small-scale technology. S tandard iza tion  o f  electricity supply  was like a C hinese 
box— p ro b lem s w ith in  p ro b lem s. O n  th e  level o f  h ig h -vo ltage  transm ission , 
th e  q u e s tio n  o f  vo ltage  a n d  p h ase  was n o t co m p lica ted  (in m u ch  o f  th e  
co u n try ) by e x is tin g  c o m m itm e n ts  a n d  e x ta n t e q u ip m e n t. M ost h igh -vo ltage  
tran sm issio n  u tilized  new  e q u ip m e n t. M o reo v er, th e  tra n s fo rm a tio n  o f  vo lt
ages f ro m  g e n e ra tin g  p lan ts  to  low -vollage d is trib u tio n  system s was a well- 
es tab lish ed  p rac tice . T ra n s fo rm e r s  co u ld  be  w ired  o n  o n e  side  fo r local 
co n d itio n s  a n d  o n  th e  o th e r  fo r  th e  s ta n d a rd  132,000  volts d ec id ed  u p o n  
fo r th e  m ain  tran sm iss io n  lines. T h e  t ra n s fo rm e r  was a co u p lin g  device 
th a t p e rm itte d  th e  in te g ra tio n  o f  subsystem s w ith d if fe re n t vo ltage c h a r
acteristics.

In  1926, ch o o s in g  a s ta n d a rd  ty p e  o f  c u r re n t  d id  n o t p re se n t serious 
p ro b lem s c ith e r , b ecau se  p o ly p h ase , o r  th re e -p h a se  a lte rn a tin g , c u r re n t 
h ad  b eco m e a w orld  s ta n d a rd  lo r  lig h tin g  a n d  pow er. D irec t c u r r e n t  s u r 
vived in  la rg e  cities w h e re  h igh ly  e ffic ien t d ire c t-c u r re n t E dison  sta tions 
p rev a iled  un til a f te r  th e  tu rn  o f  th e  ce n tu ry , b u t it was u n d e rs to o d  tha t 
th e  tra n s it io n  to  p o ly p h ase  c u r r e n t  w ou ld  be m ad e . In  th e  m ean tim e  a n 
o th e r  c o u p lin g  device, th e  ro ta ry  c o n v e rte r  (a.c .-d .c .), allow ed th e  d irect- 
c u r r e n t  a re a s  to  be fed  by p o ly p h ase  c u r re n ts  a n d  en co m p assed  in system s 
th a t w ere  p r im a rily  p o lyphase .

S ta n d a rd iz a tio n  o f  freq u en cy , h ow ever, was n o t as read ily  so lved , for 
f re q u e n c y  c o n v e rte rs  w ere  n o t as e ffic ien t a n d  re liab le  as ro ta ry  co n v erte rs . 
T h e re fo re ,  e q u ip m e n t h a d  to  be rew ired  if  th e  fre q u e n c y  was o th e r  than  
th e  G r id ’s s ta n d a rd  50 cycles. T h is  p ro b lem  was especially  se rio u s in the 
n o r th e a s t coasta l reg io n  su p p lie d  by N E S C O , th e  reg io n a l su p p ly  utility 
th a t h ad  e x p a n d e d  im pressively  u n d e r  th e  g u id a n c e  o f  M erz 8c M cLellan. 
N E S C O  h ad  p rev iously  s ta n d a rd iz e d  a t 40  cycles (see pp . 4 5 8 -5 9  below).

B e g in n in g  in th e  sp r in g  o f  1927 a n d  e n d in g  in A u g u s t 1931, p lans for 
th e  v a rio u s reg io n a l tran sm issio n  system s th a t w ou ld  to g e th e r  co n stitu te  
th e  N a tio n a l G rid  w ere  a d o p te d  at th e  ra te  o f  a b o u t tw o each  year. C o n 
s tru c tio n  o f  th e  G rid  e n d e d  on  sch ed u le  in a b o u t six years. In  1933 the 
C e n tra l E lectric ity  B o a rd  b eg an  o p e ra tin g  as a p o w er tran sm issio n  utility 
in ce n tra l  S co tlan d  a n d  e a s t-cen tra l E n g lan d , a n d  by 1936 th e  G rid  was in 
full com m erc ia l o p e ra tio n  in all reg io n s  e x cep t th e  n o rth e a s t coast o f  E ng
lan d , th e  lo ca tion  o f  N E S C O  a n d  th e  m a jo r  s tan d a rd iz a tio n  p ro b lem ; o p 
era tio n s  b eg an  th e re  in  1938 (see Figs. X I I .11 a n d  X I I .12). T h e  initially 
p la n n e d  G rid  cost ap p ro x im a te ly  £26 .7  m illion . D u rin g  th e  six years o f  its 
c o n s tru c tio n  150,000  io n s o f  steel w ere  u sed , m ostly  fo r 28 ,000  transm ission  
tow ers. T h e  C r id ’s o v e rh e a d  lines re q u ire d  12,000 to n s o f  a lu m in u m  a n d
200 ,0 0 0  p o rce la in  in su la to rs . B ritish  m a n u fa c tu re rs  w ere heavily  en g ag ed  
in th e  c o n s tru c tio n  o f  tra n s fo rm e rs  a n d  sw itchgear, m e te r in g , a n d  con tro l 
eq u ip m e n t. T h e  e x p a n s io n  o f  e x is tin g  p o w er s ta tio n s a n d  th e  constru c tio n  
o f  new  o n es also  k ep t tu rb in e  a n d  g e n e ra to r  m a n u fa c tu re rs  busy  a n d  gave 
th e m  e x p e rie n c e  th a t h a d  fo rm erly  b een  co n c e n tra te d  a m o n g  th e  A m erican  
an d  G e rm a n  m a n u fa c tu re rs .0'’ B o th  th e  c o n s tru c tio n  a n d  th e  o p e ra tio n  o f  
th e  G rid  s tim u la ted  th e  p o s l-W o rld  W ar I eco n o m y  o f  G rea t B rita in .

G reat Britain, Central Electricity Board, The Grid (booklet published by the CEB in 
I946(?|), pp. 4-7 . Charles I I. Merz described the Grid in "T he National Scheme o f Electricity 
Supply in G reat Britain" (Paper read before the British Association for the Advancement of 
Science. South Africa, 1929): copy in the Merz & McLellan Co. Archives.
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Figure XII. 11. S implified map of 
proposed English 132-kv. Grid, 1933. 

Adapted from the CEB's A nnual Report 
1932.

Figure XI1.12. Superimposed map of 
Great Britain showing the British Grid to 

be of no greater extent than California's 
interconnected power network. From 

Electrical W orld 82 (1923). 1036.

A b e tte r  u n d e rs ta n d in g  o f  th e  com plex  n a tu re  o f  th e  G rid  can  be d eriv ed  
fro m  c o n s id e ra tio n  o f  several o f  its c o n s titu e n t reg iona l system s. In  th e  
L o n d o n  a re a , th e  G rid , like th e  P en n sy lv an ia -N ew  J e rse y  In te rc o n n e c tio n  
in th e  U n ited  S tates, was a po w er pool (see pp . 3 2 5 -3 4  above). T h e  C en tra l 
E lectric ity  B oard  left u n c h a n g e d  th e  o w n ersh ip  o f  th e  “se lec ted ” p riva te  
a n d  local-au lh o rity -o w n ed  p o w er s ta tions th e re , but took ov er th e  d irec tio n  
o f  o p e ra tio n s  a n d  th e  p la n n in g  o f  e xp an sio n . T h e  CEB also assum ed  p ay 
m en t o f  th e  cap ita l a n d  o p e ra tin g  costs o f  th ese  selected  p lan ts . T he  e n tire  
electrical o u tp u t  o f  th e  s ta tions was a t the  disposal o f  th e  G rid , a n d  m ost 
o f  it was fed  in to  th e  transm ission  netw ork . T h e  supp ly  a u th o ritie s , o r 
u tilities, th en  p u rc h a se d  from  th e  G rid  all th e  e lectricity  they  n e e d e d  fo r 
th e ir  d is tr ib u tio n  system s. T h e  price  ch a rg ed  by th e  CEB re p re se n te d  the  
cost o f  p ro d u c tio n  ad ju s ted  fo r load fac to r p lus an  add itio n a l ch a rg e  for

GREAT BRITAIN AND CALIFORNIA 
The fo rm er h as  40.000,000 m ore In hab itan ts  th an  the la tte r  and  

com prises one of the g re a te s t  Industria l d is tric ts  In the world. I ts  
e lec trica l ou tpu t, how ever. Is no la rg e r th an  C aliforn ia 's , and while 
G re a t B rita in  Is p lan n in g  restric ted  power d is tric ts  m ade up of 
In terconnected  system s C aliforn ia  a lrendy  possesses an  Intercon
nected  netw ork  s tre tc h in g  from  one end of the  s ta te  to the other. 
T he m aps a re  d raw n  to the sam e scale.



3 6 0  N E T W O R K S  O F  P O W E R

t r a n s m is s io n .  T h e  p rice  was g u a ra n te e d  to  be low er th a n  w ould  be in c u rre d  
if  th e  se lec ted  sta tio n  g e n e ra te d  fo r  itself.

By th e  lim e  th e  G rid  b eg an  o p e ra tin g , th e re  w ere  th ir te e n  privately  
o w n ed  co m p an ie s  in th e  c o u n ty  o f  L o n d o n . T h e  JE A  co n cep t th a t was 
e stab lish ed  u n d e r  th e  E lectric ity  S u p p ly  A ct o f  1919 h a d  en c o u ra g e d  co n 
so lid a tio n , b u t th e  id ea  d id  n o t g a th e r  m o m e n tu m  un til passage  o f  th e  1926 
act in a n tic ip a tio n  o f  th e  G rid . All th ir te e n  co m p an ie s  w ere d is trib u to rs , 
bu t n in e  h ad  tu rn e d  o v e r  g e n e ra tio n  to  th e  L o n d o n  Pow er C o m p an y , the 
stock  o f  w hich  they  fully  o w n ed . O f  th e  o th e r  fo u r , th e  C ity C o m p an y  had  
a m a jo r p o w er p lan t a t B an k sid e , a n d  th e  C o u n ty  o f  L o n d o n  C om pany  
h ad  m a jo r  p o w e r p lan ts  a t B a rk in g  “A ” a n d  B a rk in g  “ B." C o n so lida tion  
h ad  also o c c u r re d  o n  th e  d is tr ib u tio n  side. Six o f  th e  co m p an ie s  h ad  placed  
th e ir  co m m o n  stock  u n d e r  th e  co n tro l o f  a h o ld in g  co m p an y , th e  L o n d o n  
A ssociated  E lectric ity  U n d e rta k in g s . S everal o th e r  co m p an ie s  h ad  com e 
u n d e r  th e  c o n tro l a n d  m a n a g e m e n t o f  th e  M e tro p o litan  C o m p an y  a n d  the 
C o u n ty  o f  L o n d o n  C o m p an y . T h e  p rices  c h a rg e d  cu s to m e rs  by th e  private  
co m p an ie s  v aried  a n d  allow ed fo r  p ro f it,  w hich  was reg u la te d  by th e  elec
tric ity  co m m issio n e rs . L o n d o n ’s th irty -tw o  lo ca l-au th o rity -o w n ed  utilities 
re m a in e d  com p le te ly  in d e p e n d e n t  as d is tr ib u to rs  o f  e lectric ity , b u t in term s 
o f  g e n e ra tio n  th ey  w ere  c o o rd in a te d  by th e  C e n tra l E lectric ity  B oard . All 
“se lec ted "  p o w er s ta tio n s, p riv a te  o r  lo c a l-au th o rity -o w n ed , w ere  d irec ted  
by th e  b o a rd . O th e r  sta tio n s m ad e  a g re e m e n ts  w ith th e  C EB  a b o u t o p e r 
atio n s; som e, fo r  in stan ce , o p e ra te d  as peak -lo ad  p lan ts . In  1935 th e  total 
capac ity  o f  a 50-cycle g e n e ra tin g  p la n t in L o n d o n  was 2 ,3 1 3 ,0 0 0  kw. an d  
its o u tp u t  was 4 ,4 1 8  m illion  kw h., 115 m illion  o f  w hich  was fo r  tra c tio n .64

T h e  o p e ra tio n  o f  th e  G rid  can  also be e x a m in e d  by co n s id e r in g  o n e  o f  
th e  reg io n a l schem es. T h e  sev en th , w hich  was a n n o u n c e d  in 1930, p e r 
ta in ed  to  so u th w es t E n g lan d  a n d  W ales. T h e  reg io n  h a d  a p o p u la tio n  o f  
ab o u t six m illion  a n d  an  a re a  o f  sligh tly  o v e r  17,000 m iles. In c lu d e d  in it 
w ere  h igh ly  in d u s tr ia liz e d  a rea s , m ines, a n d  seap o rts . B e fo re  th e  G rid  was 
es tab lish ed . 165 u tilities o w n ed  107 g e n e ra tin g  s ta tions. Six o f  th ese  sta tions 
w ere  ch o sen  to  b eco m e p a r t  o f  th e  G rid , a n d  tw o new  sta tio n s w ere c o n 
s tru c te d . T h e  C E B  h ad  th e  a u th o rity  to  a r r a n g e  fo r  a utility  in th e  a re a  o f  
su p p ly  to  p ro v id e  a new  sta tio n . I f  n o  such  a rra n g e m e n t  co u ld  be m ade , 
th e  e lec tric ity  c o m m issio n e rs  co u ld  a u th o riz e  th e  CEB  o r  som e o th e r  com 
pan y  o r  p e rso n  to  co n s tru c t th e  s ta tio n . T h e  new  sta tio n  w ould  th e n  be 
o p e ra te d  a c c o rd in g  to  G rid  p ro c e d u re s .0’’ T w o  o f  th e  se lec ted  sta tions, o n e  
a t B risto l a n d  a n o th e r  in S o u th  W ales, w ere d e s ig n a te d  as base-load  plan ts. 
T h e  tran sm iss io n  system  fo r th e  reg io n  consis ted  o f  623  m iles o f  h igh- 
vo ltage  cab le  a n d  25 tr a n s fo rm e r  s ta tions. E rec tion  o f  th e se  s ta tio n s was 
o p p o sed  o n  ae s th e tic  g ro u n d s  by lan d e d  sq u ire s .00

In  o p e ra tio n , th e  G rid  d id  not by itse lf  lasting ly  re su sc ita te  th e  B ritish 
econom y, all th e  b r ig h t p re d ic tio n s  o f  th e  p a rlia m e n ta ry  co m m ittees  n o t
w ith stan d in g . M o re -m u ted  ex p ec ta tio n s  w ere s ta led  as early  as 1927 (a fte r 
th e  1926 act h a d  b een  safely passed ) by A rch ib a ld  Page. Sensitive to  the

M Mcrz 8c McLcllan. Report on Electric Sendee. T he  description o f the London Grid presented 
here is based on this report (pp. 55-91). which descriltcs the situation a round 1936.

03 Electricity Act o f 1926, § 6.
“ L. W. W. Morrow. "Great Britain Elen ri fir* " Flenriml WnrU 06 flQSOt- 252-53
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se lf-esteem  o f  th e  m an ag e rs  a n d  e n g in ee rs  o f  ex is tin g  com p an ie s , w hose 
c o o p e ra tio n  was n e e d e d , Page d isco u n ted  th e  m o re  e x tre m e  s ta tem en ts  
m ad e  e a r lie r  a b o u t th e  b ackw ardness  o f  B rita in ’s e lec tric  su p p ly  in d u s try . 
H e  p o in te d  o u t th a t B rita in  h ad  a w ell-developed  gas in d u s try , w hose 
serv ice  re d u c e d  th e  d e m a n d  fo r  e lectric  ligh ting , as well as a lo n g -estab 
lished  p rac tice  o f  u sin g  steam  po w er in in d u s try  w ith o u t in te rv e n in g  e lectric  
p o w er tran sm issio n . H e  o b se rv ed  th a t a lth o u g h  th e  B ritish  s team  p lan t 
m ig h t be  less e ffic ien t th a n  its e lec tric  c o u n te rp a r t ,  th e  econom ics o f  re 
p lacem en t d id  n o t always favo r co nversion . Page also ra ised  d o u b ts  ab o u t 
th e  sign ificance  o f  p e r  cap ita  co n su m p tio n  o f  electric ity , a sta tistic  th e  co m 
m ittees  p ro m o tin g  th e  G rid  h a d  s tressed . H e  said  th a t p e r  cap ita  c o n 
su m p tio n  o f  coal a n d  oil m ig h t be b e tte r  in d ica to rs  o f  in d u s tr ia l d ev e lo p 
m en t, fo r  in B rita in  th e  c o n su m p tio n  o f  coal su b su m ed  th e  g en e ra tio n  of 
m ost e lectric ity  a n d  took  in to  a cco u n t o th e r  en e rg y  su p p lie s , such  as gas. 
H e  rig h tly  p o in te d  o u t th a t th e  sh a re  o f  th e  cost o f  e lectric ity  th a t was 
a ttr ib u ta b le  to  d is tr ib u tio n , in co n tra s t  to  tran sm issio n , a m o u n te d  to  b e 
tw een  20  a n d  75 p e rc e n t o f  th e  to ta l acco rd in g  to  location , a n d  th a t d is
trib u tio n  was in th e  h a n d s  o f  th e  u tilities. Page also ca u tio n e d  th a t savings 
fro m  th e  G rid  w ould  n o t be im pressive  in  a rea s  w h e re  m o d e rn  p o w er p lan ts 
a lread y  o p e ra te d .  H e  m ay have  m isled his au d ien ce , h ow ever, w hen  he 
said  th a t leg isla tion  h ad  n o t b een  as resp o n sib le  fo r  th e  de lay  o f  la rg e -a rea  
su p p ly  in B rita in  as th e  rivalry  betw een  la rg e  u n d e rta k in g s  a n d  an  "ov- 
e rzea lo u s d isp lay  o f  local pa trio tism  by th e  sm a lle r m u n ic ipa l u n d e r ta k in g s” 
had  b e e n .67 T h e  e a r lie r  legisla tion  in fact p ro te c te d  th e  paroch ia lism .

Even th o u g h  th e  G rid  d id  n o t rev o lu tio n ize  B ritish  in d u s try , b u t in stead  
b ro u g h t ch an g es  th a t w ere  m o re  in line w ith P ag e’s realistic  an tic ipa tions, 
th e  re o rg a n iz a tio n  o f  B rita in 's  e lectric ity  su p p ly  d id  re su lt in n o tab le  
ach iev em en ts . B ecause in te rc o n n e c tio n  p e rm itte d  th e  use o f  sm alle r, re 
serve  p lan ts , c ap ita l e x p e n d itu re s  w ere low er th an  if  su p p ly  h ad  been  from  
in d e p e n d e n t p lan ts . By 1938 th e  CEB  used  a safely  m arg in  o f  a p p ro x i
m ately  10 p e rc e n t re se rv e  capacity  c o m p a re d  to  th e  43 p e rc e n t e s tim ated  
re se rv e  fo r  1925. As a resu lt, th e  CEB  estim a ted  th a t £33  m illion  o f  cap ita l 
e x p e n d itu re  on  sp a re  p lan ts  was saved. It a lso e s tim ated  th a t in 1935, 
o p e ra tin g  costs fo r  spec ified  p o w er sta tions w ere 11 p e rc e n t less th an  th e  
cost o f  r u n n in g  th e  sam e s ta tio n s u n d e r  in d e p e n d e n t o w n ersh ip  in 1932, 
be fo re  th e  G rid  b eg an  o p e ra tio n s . D espite  a p ric in g  policy th a t by 1939 
re su lte d  in  a su rp lu s  o f  a t least £2 .75  m illion (a fte r p ay ing  in te re st on  
secu rities  a n d  p ro v id in g  a s in k in g  fu n d  fo r these), th e  CEB h ad  red u ced  
th e  p rice  o f  electric ity  in bu lk  (at th e  busbars , w here  it was fed  in to  th e  
tran sm isso n  system ) to  .34d  p e r  u n it in 1939 co m p ared  to  a cost o f  1.098d 
in 1923. T h e  cost o f  e lectric ity  was also red u ced  in th e  U n ited  S lates and  
G erm an y  d u r in g  th is p e rio d , b u t as h is to rian  Leslie H a n n a h  concludes,

It [reorganization and the Grid] was, on the whole, a happy experience and one 
with which the industry could be well pleased. In the space o f fifteen years 
between 1925 and 1940 the national grid system enabled the British supply 
undertakings to overcome their previous lag in development and inaugurate a 
vigorous expansion o f sales based on low prices for the consumer. By the late

*7 Archibald Page, "Inaugural Address." 1 EE Journal 66 (1927): 1 -1 1.
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I930’s Britain's electricity consum ption per head o f population equaled that in 
countries with similar income levels.08

An even  m o re  im p ressiv e  tr ib u te  is p a id  to  th e  o r ig in a to rs  a n d  d ev e lo p e rs  
oT th e  N atio n a l G rid  by th o se  w ho  a re  p e rsu a d e d  th a t it was a m a jo r reason  
fo r th e  clim b in th e  1930s o f  B rita in ’s in d u s tr ia l eco n o m y  fro m  th e  low er 
ra n k s  a m o n g  in d u s tr ia l  n a tio n s  to  a p o sition  b e h in d  only  th e  Soviet U n ion  
a n d  G e rm a n y  in ra le  o f  g ro w th .09

""I.eslie H annah, "A Pioneer of 1‘uhlic Enterprise: T he Central Electricity Board and the 
National (•rid, 1927-1940," in Essays in llntish Business History, ed. Barry Supple (Oxford: 
Clarendon Press, 1977), pp. 224-25. In th isartirle , H annah rites D. A. Wilson. “T he Strategy 
ol Sales Expansion in the British Electricity Supply Industry Between the Wars," in Management 
Strategy and Business Development, ed. Leslie H annah (London: Macmillan Sc Co.. 1976); Harry 
W. Richardson, “T he  New Industries Between the Wars," Oxford Economic Papers 12 (1961): 
and idem, Economic Recovery in Britain. 1912-19  (London: W cidenfeld Sc Nirolson, 1967).

""I am indebted to Leslie H annah lor calling my a ttention to this argum ent.



C H A P T E R  X I I I

The Culture of 
Regional Systems

Tu t  p la n n e d  p o w er pools a n d  g rid s  c o n s tru c te d  in th e  U n ited  States, 
G e rm a n y , a n d  E n g lan d  h e ra ld e d  th e  e ra  o f  reg io n a l e lec tric  supply  

system s, w hich lin k ed  cities, tow ns, co u n try s id e , a n d  re m o te  in d u s tr ia l sites. 
A longside  th e  p la n n e d  system s, such  as th e  B ay ern w erk  a n d  B rita in ’s G rid , 
th e  evo lv ing  system s o f  m ostly  priva te ly  o w ned  u tilities f lo u rish ed . As will 
be seen  in C h a p te r  X IV , th e  la tte r  h ad  a lo n g  h is to ry  a n d  w ere c h a rac te rized  
by in c re m e n ta l g ro w th . In  th e  1920s, how ever, en g in ee rs , m a n ag e rs , an d  
fin an c ie rs  rea lized  th a t a techno log ica l fo rm — th e  reg io n a l system — had  
fu lfilled  in h e re n t  im p lica tio n s a n d  cou ld  be co n s id e red  co n cep tu a lly  m a 
tu re . (A ctual g ro w th , o f  co u rse , w ould  c o n tin u e .)  T h is  rea liza tion  was m a n 
ifested  in th e  e n g in e e rs ' a n d  m a n a g e rs ’ concep tu a liza tio n  o f  u n d e rly in g  
techn ical a n d  eco n o m ic  re la tio n sh ip s ; th e ir  d e f t  id en tifica tio n  o f  critical 
p ro b lem s a n d  e fficac ious so lu tions; th e ir  in tro d u c tio n  o f  o rg an iza tio n a l 
fo rm s th a t w e re  well su ited  fo r ex p an s io n ; a n d  th e ir  d e v e lo p m e n t o f  o r 
g an ized  k n o w led g e  (science o f  techno logy) a b o u t reg io n a l po w er system s. 
J u s t  as th e  th e  un iv ersa l system  h ad  g a th e re d  m o m e n tu m  in th e  1890s, so 
reg io n a l system s g a th e re d  m o m e n tu m  a n d  f lo u rish ed  in th e  1920s. M o re
over, ju s t  as th e  e a r lie r  d iscussion  o f  th e  m o m e n tu m  o f  th e  un iversa l system  
su g g es ted  th e  c o n cep t o f  th e  c u ltu re  o f  techno log ical system s— in th is case 
th e  values, ideas, a n d  in s titu tio n s  th a t a ro se  in re sp o n se  to  th e  need s a n d  
o p p o r tu n itie s  fo r  g ro w th  th a t w ere  seen  a n d  d e f in e d  by p ro fessiona l e n 
gineers, m anagers, a n d  system  builders— so, loo, a cu ltu re  o f  regional pow er 
system s is d isce rn ib le . S u p p o rtiv e  o f  th e  d ev e lo p m en t o f  th e  technical co re , 
th ese  c o n te x tu a l e lem en ts  w ere  them selves sh ap ed  by th e  techn ical c h a r 
acteristics o f  th e  e x p a n d in g  p o w er system s.

T h e  techn ica l co re  o f  th e  reg io n a l po w er system  involved th e  w id esp read  
use o f  s team  tu rb in e s  in p o w er p lan ts, w hich a f te r  1900 re su lted  in the  
u n p re c e d e n te d  a n d  u n e x p e c te d  sp re a d  o f  pow er system s. S ta tion  e n g in e e rs  
a n d  m an ag e rs  o rig ina lly  in tro d u c e d  s team  tu rb in es  to  rep lace  th e  m o n 
s trously  la rge  rec ip ro ca tin g  en g in es used  in heavily p o p u la te d  a reas , w here  
th e  p rice  o f  real es ta te  was h igh . T u rb in e s , how ever, p ro v ed  to  be m o re  
e ffic ien t th a n  rec ip ro ca tin g  s team  eng ines , a n d  they  also low ered  in sta l
la tion , o p e ra tin g , a n d  labo r costs. T h e  largely u n fo re seen  co n seq u en ce  o f  
th e  in tro d u c tio n  o f  th e  tu rb in e  was the  sh a rp  acce le ra tion  o f  th e  q uest fo r

non
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load  su ffic ien t to  fu lfill th e  econom y-o f-sca le  p o ten tia l o f  a la rg e , e ffic ien tly  
lo ad ed  tu rb in e . T h e  tu rb in e s  w ere , in e ffec t, su p p ly  in search  o f  d e m a n d . 
A su p e rfic ia l analysis m ig h t p re se n t th e  lo ad -seek in g  tu rb in e  as an  in stance 
o f  tech no log ica l d e te rm in ism , b u t c lo ser s tu d y  will show  th a t th e  fo rce  of 
th e  tech n o lo g y  was c ircu m sc rib ed  by a host o f  no n tech n o lo g ica l factors 
w hich , to g e th e r  w ith  th e  te ch n o lo g y , sh a p e d  th e  even ts  a n d  tre n d s  tha t 
fo llow ed th e  in tro d u c tio n  o f  th e  tu r b in e .1

T h e  la rg e , lo ad -seek in g  s team  tu rb in e s  fo u n d  th e ir  c o m p le m e n t in far- 
flu n g  h ig h -v o ltag e  tran sm iss io n  lines w hich  fo llow ed th e  p o p u la tio n  sh ift 
to  th e  su b u rb s . I f  th e  tu rb in e  was loca ted  in  an  u rb a n  c e n te r  like C hicago , 
h ig h -v o ltag e  tran sm iss io n  lines c a rr ie d  e lec tric ity  o u t in to  th e  su r ro u n d in g  
reg io n . I f  th e  tu rb in e  was loca ted  at a m in e  m o u th  o r  brow n-coa l pit, 
tran sm iss io n  lines sp re a d  th e  p o w er o v e r  th e  reg io n  a n d  d is tr ib u te d  it to 
in d u s tr ie s , t r a n s p o r ta tio n  system s, com m erc ia l e n te rp r is e s , a n d  p r iv a te  re s 
idences. In  th e  1920s a n d  early  1930s, w hen  reg io n a l system s p ro life ra te d , 
v o ltages o f  100,000  a n d  h ig h e r  b ecam e s ta ie -o f- lh e -a r l,  so  transm ission  
o v e r h u n d re d s  o f  m iles b ecam e eco n o m ica l, p a r ticu la r ly  fo r  h y d ro e lec tric  
system s (see Fig. X II I .  1 a n d  T a b le  X I I I .1). F u r th e rm o re ,  p o in t-to -p o in t 
t ran sm iss io n s  grew  in to  n e tw o rk s , g rid s , o r  rin g s as th e  lo n g  lines w ere 
p u n c tu a te d  by m a jo r  sw itch ing  sta tio n s w h e re  o th e r  g e n e ra tin g  s ta tions fed 
p o w er in to  th e  system  o r  p o w er fo r  n e a rb y  loads was ta k e n  o u t.

E conom ic  c o n s id e ra tio n s  p u sh e d  th e  in tro d u c tio n  o f  la rg e r  tu rb in e s  and  
la rg e r , d iv e rs ified  su p p ly  a reas . E lectric  su p p ly  was cap ita l-in ten siv e  tech 
n o logy , a n d  th e  o v e rh e a d  s te m m in g  fro m  cap ita l costs was a substan tia l 
p a r t  o f  th e  cost o f  a u n it  o f  e lec tric  po w er. A dvoca tes  o f  la rg e , reg iona l 
system s a rg u e d  th a t th e  u n it cost o f  g e n e ra tio n  was an  in v erse  fu n c tio n  of 
th e  size o f  th e  tu rb in e s  a n d  g e n e ra to rs . T h e y  a p p e a le d  to  th e  lo n g -accep ted  
p ro p o s itio n  th a t c ap ita l cost p e r  u n it  o f  p o w er g e n e ra te d  d e c re a se d  with 
th e  in c rea se  o f  th e  physical size a n d  capac ity  o f  m ach ines . T h e  rea so n  for 
th is d e c re a se  was, in p a r t ,  a m a tte r  o f  g eo m e try , fo r  h e a l a n d  m agnetic - 
field  losses in c reased  w ith su rfa c e  a re a , a n d  th e  ra tio  o f  su rfa c e  a re a  to  
capacity  d e c re a se d  w ith th e  in c rease  in physical size o f  th e  tu rb in e  a n d  
g e n e ra to r . O th e rs  p o in te d  o u t th a t th e  la rg e , reg io n a l s tru c tu re  im p ro v ed  
a sy stem ’s load  fac to r. M o reo v er, s ince cap ita l ch a rg es  w ere  p a id  on  a 
system ’s full capac ity , a h ig h e r  load  fac to r m e a n t a re d u c tio n  in u n it cost.

T h e  g ro w th  o f  reg io n a l system s n o t on ly  p re se n te d  in te re s tin g  technical 
p ro b lem s to  e n g in e e rs  b u t it a lso ch a llen g ed  m a n a g e rs  a n d  fin an c ie rs . T e c h 
nical, o rg a n iz a tio n a l, a n d  financ ia l in v en tio n s  re su lted . T h e  tu rb in e , fo r  
in stan ce , p ro v e d  to  be an  e n g in e  th a t e n h a n c e d  o rg an iza tio n a l g row th . 
B e fo re  W orld  W ar I, th e  g e o g ra p h ic a l e x ten t o f  m ost utilities d id  not 
p ro v id e  a load  to  m atch  th e  su p p ly  p o ten tia l o f  tu rb in e -d r iv e n  cen tra l 
sta tions. U tilities h a d  o b ta in e d  th e ir  fran ch ise s , o r  concessions, d u r in g  an  
e ra  o f  sm a ll-a rea , d ir e c t-c u r re n t d is trib u tio n  a n d  rec ip ro ca tin g -s team -en - 
g in e  g e n e ra tio n . W ith  techn ica l ch a n g e , th is o rg an iza tio n a l s tru c tu re  be
cam e  o u tm o d e d , a n d  u tilities beg an  to  reach  o u t fo r  new  te rr ito ry  a n d  new 
c u s to m ers  a n d  to  in v en t new  o rg an iza tio n a l s tru c tu re s . U ntil th e  G rid .

'T h o m as P. H ughes, "Technological History and Technical Problems," in Science, Tech
nology, and the Human Prospect: Proceedings of the Edison Centennial Symposium, ed. Chauncey 
Starr and Philip Ritterbush (New York: Pergamon Press, 1980), pp. 148-49.
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Figure XIII. J. Increase in transmission 
voltages. From G iant Power Survey.

p. 27.

T able X III.I. T ransmission-Svstem Mileage in the United States, 31 December 1932

Voltage
Total System 

Mileage Percentage

6,600-22,000 83,995 33.41
22,000-110,000 124,466 49.51
110,000-220,000 27,665 11.00
Not designated 15,282 6.08

Total 251,408 100.00

Source: U.S.. Federal T rade  Commission, Utility Corporations (S. Doc. 92. 70th Cong., 1st 
sess., 1928), Pan  72A (1935), p. 41.

E n g lan d  was an  e x cep tio n  to  th is t re n d  because  local g o v e rn m e n ts  c o n fin ed  
p o w er system s to  th e ir  ju r isd ic tio n .

T h e  in tro d u c tio n  o f  th e  tu rb in e , w ith its h igh -vo ltage  tran sm issio n  lines, 
g e n e ra te d  u n p re c e d e n te d  cap ita l re q u ire m e n ts , loo. D u rin g  th e  e ra  o f  E d i
son , th e  cost o f  d is tr ib u tio n  lines a lm ost m atch ed  th e  cost o f  g e n e ra tin g  
e q u ip m e n t. In  th e  1920s th e  cost o f  a h igh -vo ltage  transm ission  system  was 
layered  o n  low -voltage d is tr ib u tio n  costs. T h e  transm ission  system  in c lu d ed  
o v e rlan d  steel transm ission  tow ers, c o p p e r  o r  a lu m in u m  lines w ith costly 
in su la to rs , a n d  a co m plex  a rra y  o f  lig h tn in g -p ro tec tio n  a p p a ra tu s , circu it 
b reak e rs , sw itches, tra n s fo rm e rs , a n d  sy n ch ro n o u s g en e ra to rs . T h e  cap ita l 
d e m a n d s  o f  th e  A m erican  u tilities d u r in g  th e  1920s, w hen  m any  reg iona l 
system s w ere u n d e r  c o n s tru c tio n , ex ceed ed  those  o f  th e  ra ilro ad s  d u r in g  
th e  decad es o f  th e ir  m ost ra p id  ex p an sio n .2

C o n su ltin g  en g in e e rs  also p layed  a high ly  im p o rta n t,  th o u g h  still largely  
u n ack n o w led g ed , ro le  in  fu r th e r in g  th e  g ro w th  o f  reg iona l system s. T h e  
technical, o rg an iza tio n a l, a n d  financial p ro b lem s in h e re n t in reg io n a l sys-

* U.S., D epartm ent o f Commerce, Bureau o f the Census, Historical Statistics of the United 
States: Colonial Times to 1957 (Washington. D.C.: CPO, 1960). pp. 432-33 (ser. 95) and p. 589 
(scr. 146). See also Forrest McDonald, Let There Be Light: The Electric Utility Industry in Wisconsin, 
1881-1955 (Madison. Wis.: T he American History Research Center, 1957), pp. 186-87.
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lem s d e m a n d e d  th e  e n t r e p re n e u r ia l  sp irit, co m p re h e n s iv e  e x p e rien ce , and  
ta len t possessed  by th e  c o n su ltin g  e n g in e e r in g  firm s a n d  th e ir  p rincipals. 
W h en  political p ro b le m s e n te r e d  th e  m ix  as a n  im p o r ta n t c o m p o n e n t, the  
co n su ltin g  e n g in e e r ’s b ro a d  view a n d  capac ity  fo r  a m u ltiface ted  response  
becam e e ven  m o re  im p o r ta n t.  T h e  c o n su ltin g  e n g in e e r  a ssu m ed  th e  m antle  
o f  th e  e n tr e p r e n e u r  re a d y  to  p re s id e  o v e r  techn ica l ch a n g e  in a com plex  
en v ironm en t. D em o n stra tin g  th e ir  e n tre p re n e u ria l ta len ts impressively, Merz 
8c M cLellan a n d  th e  firm  o f  O sk a r  von M iller re sp o n d e d  to  th e  politics
lad en  p ro b lem s o f  p la n n e d  g o v e rn m e n t g rid s ; in th e  U n ited  S tales, con 
su ltin g  e n g in e e r in g  firm s like S to n e  8c W eb ste r a n d  E lectric  B o n d  8c Share, 
w ould  d e m o n s tra te  a m aste rly  ab ility  to  co p e  w ith th e  heavily  m anageria l 
an d  financial p ro b le m s th a t a ro se  in th e  A m erican  e lec tric  su p p ly  system 
in th e  1920s.

T h e  reg io n a l system s o f  th e  tw en ties  c o n s titu te  th e  th ird  s tag e  in the 
evo lu tio n  o f  ligh t a n d  p o w er system s. T h e  E d ison  d ire c t-c u r re n t systems 
o f  th e  first s tag e  w ere  ch a ra c te r iz e d  by h o m o g en e ity  o f  su p p ly  a n d  load. 
G e n e ra to rs  a n d  co m p o n e n ts  o f  a sim ila r k in d  w ere  h o u se d  in  a single 
location . R ec ip ro ca tin g  s team  e n g in e s  w ere  u sua lly  o f  th e  sam e k ind  o r  had 
th e  sam e ch a rac te ris tic s— hig h  o r  low sp e e d , d ire c t o r  belt d riv e . T h e  d is
trib u tio n  system  took  a s ta n d a rd  vo ltage  fro m  th e  c e n tra l s ta tio n  a n d  d e 
livered  a s ta n d a rd  vo ltage to  co n su m ers . T h e  load  on  th e  system  was alm ost 
en tire ly  in can d escen t lam ps, th e  m o to r  b e in g  a ra rity .

T h e  system s o f  th e  second  p h a se  w ere  m o re  h e te ro g e n e o u s . T h e y  were 
c h a ra c te r iz e d  by th e  c o n cep t o f  tran sm iss io n  a n d  d is tr ib u tio n  in tro d u ced  
as th e  “u n iv ersa l sy stem ” a t th e  C h icag o  ex p o s itio n  o f  1893. G en e ra to rs  
with su b stan tia lly  d if fe re n t cha rac te ris tic s  in d if f e r e n t  p o w er sta tio n s were 
in te rc o n n e c te d . R ec ip ro ca tin g  s team  e n g in e s  a n d  s team  tu rb in e s  w ere  o ften  
u sed  in th e  sam e p o w er s ta tio n . V ary in g  o u tp u ts  fro m  th e  d if fe re n t kinds 
o f  g e n e ra to rs  (som e a lte rn a tin g  c u r r e n t ,  so m e  d ire c t)  w ere  c o m b in ed  in a 
sing le  tran sm iss io n  system  th ro u g h  th e  u se  o f  c o u p le rs— tra n s fo rm e rs  (in
c lu d in g  S co tt-co n n ec ted  t ra n s fo rm e rs ) , sy n c h ro n o u s  g e n e ra to rs , m o to r 
g e n e ra to rs , fre q u e n c y  co n v e rte rs ; c o u p le rs  a lso co n n e c te d  d if fe re n t kinds 
o f  load , lig h tin g  a n d  p o w er (s ta tio n a ry  a n d  trac tio n ).

T h e  reg io n a l system s o f  th e  1920s can  be ca teg o rized  as th e  th ird  stage 
in th e  ev o lu tio n  o f  e lec tric  su p p ly  system s. A gain , th e  h a llm a rk  is increased  
h e te ro g en e ity . W h ereas  in th e  u n iv ersa l system  o f  th e  seco n d  s tage, d if
fe re n t k inds o f  loads w ere system ically  jo in e d  a c c o rd in g  to  th e  co n cep t o f 
load  fac to r, in th e  th ird  stage , d if fe re n t  k inds o r  en e rg y  so u rces  were 
co m b in ed  a c c o rd in g  to  th e  m o re  recen tly  a rtic u la te d  c o n cep t o f  econom ic 
m ix. T h e  in tro d u c tio n  o f  tu rb in e s  a n d  h ig h -v o ltag e  tran sm issio n  m ad e  the 
th ird  s tag e  possib le , b u t th ey  w ere n o t th e  essence  o f  it. T u rb in e s  a n d  high- 
vo ltage tran sm issio n  s tim u la ted  th e  co n s tru c tio n  o f  fa r-f lu n g  system s, and  
th e  sp re a d  of th e se  was so ex ten siv e  as to  in c lu d e  n a tu ra l re so u rces  o f 
v arious k inds. T h e  e n g in e e rs  a n d  m a n a g e rs  o f  utilities look  ad v an tag e  o f 
th e  p re sen ce  o f  such  v aried  e n e rg y  so u rces  as h a rd  coal, b itu m in o u s  coal, 
b row n  coal, h ig h -h ead  w ater, a n d  low -head  w a te r in th e ir  su p p ly  a reas  to 
o b ta in  an  eco n o m ic  m ix. T h e  capac ity  to  e n co m p ass co m p lex ity  h ad  in
c rea sed .

T h e  c o m b in a tio n  of d iv e rse  en e rg y  so u rces  in th e  system  allow ed for an 
econom ic  m ix , a techn ica l-eco n o m ic  c o n cep t on  th e  su p p ly  s ide  th a t was



c o m p a ra b le  in im p o rta n c e  to  load  fac to r on  th e  load side. T h e  o rig in s  a n d  
evo lu tio n  o f  th e  c o n cep t a n d  p rac tice  a re  e x ceed in g ly  d ifficu lt to  d o c u m e n t, 
how ever. P robab ly  th e  c o n c e p t fo llow ed th e  p ractice . H av in g  co m b in ed , 
say, a co a l-fired  p la n t a n d  a h y d ro e lec tr ic  o n e  fo r  obv ious e conom ic  reasons, 
en g in eers  a n d  m an ag ers  responsib le fo r system grow th  th en  th o u g h t th ro u g h  
th e  g e n e ra l im p lica tio n s o f  th e ir  em pirica l p ro b es. B ecause b o th  G erm an y  
an d  th e  U n ited  S la tes  h ad  coal a n d  w ater po w er w ith in  econom ica l t ra n s 
m ission  d is tan ce , system s o rg a n iz e d  acco rd in g  to  th e  p rin c ip le s  o f  econom ic 
m ix sp re a d  rap id ly  in th e  two co u n tr ie s  a f te r  W orld  W ar I. In  w ate r-pow er- 
sh o r t E n g la n d , w aste -h ead  p o w er s ta tions w ere co n n ec ted  w ith  co a l-fired  
p lan ts , a varia tio n  on  th e  sam e th em e .

A n eco n o m ic  m ix is an  in te rc o n n e c tio n  o f  p o w er p lan ts  w hose energy  
so u rces  a re  u tilized  co m p lem en ta rily . F o r  ex am p le , an  ideal e conom ic  mix 
w ould  in c lu d e  an  u rb a n  p o w er p la n t u sin g  h a rd  o r  b itu m in o u s  coal, a 
lig n ite -fired  p la n t a t an  o p e n -p it  site, a h ig h -h e a d  h y d ro e lec tric  p la n t d ra w 
in g  fro m  a n a tu ra l lake at h ig h  e leva tion , a n d  a low -head  p la n t u sin g  the 
ru n n in g  w a te r o f  a river. T h e se  m ig h t be s e p a ra te d  fro m  o n e  a n o th e r  by 
fifty to  a h u n d re d  m iles, possibly m o re . T h e  o p e ra tio n  o f  th e  p lan ts  w ould 
be ca re fu lly  sc h e d u le d  to  tak e  a d v a n ta g e  o f  th e ir  c o m p le m e n ta ry  ch a ra c 
teristics. T h e  a d v a n ta g e s  d e r iv e d  w ere  m e a su re d  by an  in c rease  in econom y 
an d  reliab ility ; th e  m ean s  to  ach ieve  these  w ere technical.

S ch ed u lin g  th e  u se  o f  p o w er p lan ts  in an  ideal m ix was a c h a llen g in g  
a n d  ex trem e ly  in te re s tin g  p ro b lem  fo r  u tility  en g in e e rs  a n d  m an ag e rs . At 
th e ir  d isposa l they  o f te n  h ad  a varie ty  o f  re sp o n ses  to  ch an g in g , o r  t ra n s ie n t, 
n a tu ra l a n d  m a n -m a d e  events. T h e  h ig h -h ead  h y d ro e lec tric  p la n t cou ld  be 
used  sp a rin g ly , if  a t all, fo r  p eak  load  d u r in g  th e  w in te r freeze. T h e  ru n -  
o f-riv er, o r  low -head , p la n t was less u sefu l d u r in g  p e r io d s  o f  d ro u g h t.  T h e  
h ig h -h e a d  p la n t was s ch ed u led  fo r  m ax im u m  use d u r in g  s p r in g  thaw s; th e  
ru n n in g -w a te r  p lan t m ig h t be fully u tilized  fo r  base load  th e n  too . T h e  
p lan t fired  by h a rd  coal was s ch ed u led  fo r  heavy use d u r in g  th e  w in te r 
freeze  a n d  p ro b ab ly  d u r in g  p e r io d s  o f  d ro u g h t,  as was th e  p la n t fired  by 
b row n  coal. U tilization  o f  b row n-, b itu m in o u s-, a n d  h ard -co a l p lan ts  d e 
p e n d e d  on  co m p a ra tiv e  fuel costs. S trikes by hard -co a l m in e rs  o r  an  in 
c rease  in th e  cost o f  rail t ra n s p o r t  o f  h a rd  coal w ould  in crease  th e  d e m a n d  
fo r b ro w n  coal, fo r  in stance . L ayered  on  th e  cha llen g e  o f  s c h e d u lin g  th e  
u tiliza tion  o f  n a tu ra l re so u rces  econom ically  was th e  p ro b lem  o f  e ffic ien t 
use o f  th e  p lan ts , w hose o p e ra tin g  costs varied , in p a r t,  a cco rd in g  to  th e ir  
age. In  som e ac tua l system s, o ld th e rm a l p lan ts  w ere used  only  d u r in g  tim es 
o f  p eak  d e m a n d  a n d  w hen th e  m o re  econom ical un its  w ere b e in g  serv iced .

T h e  eco n o m ic-m ix  system  d e m a n d e d  com plex  co n tro ls  fo r  sch ed u lin g  
p o w er p la n t u tiliza tion . In creasin g ly  com plex  in fo rm a tio n  n e tw orks a n d  
re m o te  co n tro ls  w ere n e e d e d  in th e  co n tro l, o r  d isp a tch in g , cen te r . T o  
facilita te  co n tro l,  en g in e e rs  a n d  m ath em atic ian s w ro te  eq u a tio n s  desc rib in g  
th e  essen tia l p a ra m e te rs , variab les, a n d  fu nc tions o f  th e  d iffe re n t po w er 
system s, a n d  they  a tte m p te d  to  design  an a lo g  c o m p u te rs  to  solve th e  m ost 
ted io u s  o f  these. In  a d d itio n , load fo recasting  was he lp fu l to  d isp a tch e rs  
in s c h e d u lin g  p o w er p la n t use. L oad  fo recasting  re q u ire d  th e  keep in g  o f  
h istorical reco rd s , especially  load curves, an d  in fo rm a tio n  abou t ch an g es 
in p o p u la tio n , t ra n sp o rta tio n , in d u stria liza tio n , a n d  social p a tte rn s , a n d  th e  
w ea th e r. All o f  th e se  d irec tly  a ffec ted  th e  m ag n itu d e , location, a n d  varia tion
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o f  th e  load . U tilities w ith h y d ro e le c tr ic  p lan ts  in th e  m ix  also u sed  historical 
h y d ro g ra p h ic  d a ta  a n d  k e p t a ru n n in g  re c o rd  o f  ra in fa ll, snow fall, ru n 
o ff, a n d  o th e r  re lev an t de ta ils . T h e s e  ex ten siv e  d a ta -g a lh e r in g , reco rd 
k eep in g , a n d  d a ta -p ro c e s s in g  activ ities w ere  c a rr ie d  o u t as lo n g  as the ir  
cost d id  n o t ex ceed  th e  b e n e fits  m e a su re d  by low er o p e ra tin g  expenses, 
b e tte r  load  cu rv es, a n d  re liab ility  o f  service.

T h e  reg io n a l e lec tric  p o w e r system  s tim u la te d  u tility  m a n a g e rs  a n d  e n 
g in ee rs  to  th in k  in te rm s  th a t a re  now  assoc ia ted  w ith system s en g in ee rin g  
a n d  in fo rm a tio n -a n d -c o n tro l science. E n g in e e rs  in o th e r  fields— petro leu m  
re f in in g , fo r e x a m p le — also  w ere  th in k in g  system atically , b u t electrical e n 
g in ee rs  m ad e  th e  m o re  su b s tan tia l c o n tr ib u tio n  to  system s en g in ee rin g . 
D ecades ea r lie r ,  th e  m a n a g e rs  a n d  d es ig n e rs  o f  railw ay  system s h ad  ex 
p e r ie n c e d  th e  p ro b le m s o f  sch ed u lin g  tra ff ic  w h e re  a n d  w h en  it was n eeded , 
sw itch ing  to  m ee t th a t n e e d , a n d  fo recas tin g  loads. P ro d u c tio n -lin e  eng i
n e e rs  h ad  c o n c e rn e d  th em selves  w ith ro u tin g  a n d  flow, b u t electrical e n 
g in e e rs  d ea lt w ith a system  in w hich  s to ra g e  was u n c o m m o n — sto rag e  bat
te rie s  w ere  u sed  sp a r in g ly — a n d  th e  p ro d u c t flow ed a t th e  sp eed  o f  light. 
So c h a lle n g e d , th e  electrical e n g in e e rs  b eg an  w o rk in g  o u t a science of 
in fo rm a tio n  a n d  co n tro l.  In  th e  1920s, e n g in e e rs  in creasin g ly  u sed  concepts 
such  as " c o o rd in a tio n ,” “in te g ra tio n ,” “c o n tro l,” “ flow ,” “co n ce n tra tio n ,” 
“centralization ," a n d  “rationalization .” T h is  is th e  lan guage  o f  systems. A m ong 
th e se  co n cep ts , “ra tio n a liz a tio n ” is o f  u n u su a l in te re s t .3

R atio n a liza tio n  was m u ch  d iscussed  in th e  1920s. In  G e rm a n y  its p ro 
p o n e n ts , b o th  e x p e r t  a n d  p o p u la r , w ere  u n u su a lly  a r tic u la te  a n d  e n th u 
siastic. T h e y  gave Rationalisierung  v aried  a n d  co m p lex  d e fin itio n s . As a p 
p lied  to  in d u s try  in g e n e ra l,  th e  co n cep t was d ec id ed ly  in flu en ced  by 
d ev e lo p m e n ts  in e lec tric  su p p ly , a n d  assoc ia ted  w ith it w e re  th e  te rm s  used 
by th e  e n g in e e rs  a n d  m a n a g e rs  w ho w ere  b u ild in g  reg io n a l e lec tric  systems: 
coordination, integration, stability, plan, order, control, a n d  system.4 T h e  ra tio n 
a liza tion  m o v e m e n t in o ld e r  in d u s tr ie s , such  as coal a n d  iro n , involved 
reo rg a n iz a tio n  o f  b o th  th e  physical p lan t a n d  th e  m a n a g e m e n t s tru c tu re . 
T h is  re su lte d  in in c rea sed  p lan t spec ia liza tion  a n d  th e  a lig n m e n t o f  tech 
nically re la ted  specializing plants. Badly located an d  e q u ip p ed  plants, mines, 
a n d  b usinesses w ere  c losed . M ore e ffic ien t a n d  la rg e r-sca le  te chno logy  and  
m a n a g e m e n t m e th o d s  w ere  in tro d u c e d . E n g in ee rs  w ho h ad  b een  tra in ed  
in scien tific  analysis a n d  m a n a g e rs  w ho w ere fam ilia r w ith cost accoun ting , 
lab o r effic iency , a n d  ra tio n a l sch em es o f  o rg a n iz a tio n  w ere em ployed . 
S tan d a rd iz a tio n  a n d  re sea rch  w ere e n c o u ra g e d . T h e  ra tio n a lize rs , w hether 
m a n a g e rs  o r  en g in e e rs , w an ted  to  e lim in a te  m ate ria l w aste, m echanical 
fric tio n , a n d  h u m a n  c o n fu s io n . T h e  m ost am b itio u s o f  th e  ra tionalizers 
in te n d e d  to  e x te n d  th e ir  scope  b ey o n d  a sing le  p lan t, business, agency , o r

’ On the earlier development o f inform ation-and-conirol systems see Stuart Bennett, A 
History o f Control Engineering, 1800-1930  (New York: Pcregrinus, 1979); O tto Mayr, Zur 
Eruhgeschichle der Technisclien Regelungen (Munich: O ldenbourg, 1969); and Thom as P. Hughes, 
Elmer Sperry, Inventor and Engineer (Baltimore: T he  Johns H opkins Press, 1971).

i Robert A. Brady has provided a deeply inform ed analysis o f rationalization in The Ra
tionalization Movement in German Industry: A Study in the Evolution of Economic Planning (Berkeley: 
University o f California Press, 1933); sec especially his Introduction for a definition of the 
term. See also Merle C. T urney. " The Rationalization o f Electricity Supply in the United 
States” (Ph.D. diss.. University o f Illinois. 1937), esp. pp. 70-122.
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in d u s try  to  e n co m p ass th e  e n tire  econom y. T h e y  d ire c te d  th e ir  a tten tio n  
to  th e  ineffic ienc ies  o r  o ld e r  a n d  h eav ie r in d u s try , b u t they  w ere in sp ired  
by th e ir  co lleag u es in th e  new  a n d  h igh  techno logy  o f  electric ity  supp ly .

R a tiona liza tion  was a g o v e rn in g  s tra teg y  fo r  reg iona l u tilities in th e  1920s. 
I t c a rr ie d  m an y  sh a d e s  o f  m ean in g , b u t gene ra lly  it s ign ified  o b ta in in g  th e  
o p tim a l c o m b in a tio n  o f  econom ic  ga ins w ith a m in im u m  in p u t o f  econom ic  
re so u rces , in c lu d in g  cap ita l a n d  labo r. In  p rac tice  it b ro u g h t, a m o n g  o th e r  
policies, th e  o p tim u m  u tiliza tion  o f  availab le  g e n e ra tio n  eq u ip m e n t. New 
a n d  m o re  e ffic ien t u n its  c a rr ie d  s teady  base loads, w hile  th e  o ld e r , less 
e ffic ien t u n its  w ere  b ro u g h t in to  o p e ra tio n  only  d u r in g  p eak  loads. O b so le te  
g e n e ra tin g  p lan ts  w ere  rem o v ed  fro m  serv ice  a n d  rep laced  by tra n s fo rm e r  
su b s ta tio n s  th a t d re w  pow er, via e x te n d e d  tran sm issio n  lines, f ro m  la rge , 
m o d e rn  p lan ts . T h e  layou t o f  tran sm issio n  a n d  d is tr ib u tio n  ne tw o rk s was 
care fu lly  p la n n e d  to  o b ta in  th e  m ost a p p ro p r ia te  ex is tin g  a n d  fu tu re  loads. 
E conom ists a n d  e n g in e e rs  m ad e  d e ta iled  s tu d ie s  to  e n ab le  th em  to  choose 
be tw een  e x te n d in g  tran sm iss io n  lines o r  b u ild in g  new  p o w er s ta tio n s to 
su p p ly  a re m o te  load . R atio n a liza tio n  also called  fo r  labo r-sav ing  eq u ip m e n t 
a n d  eco n o m ies o f  scale. B ecause th e  level o f  cap ita l in v es tm en t was h igh , 
in v en tio n s a n d  in n o v a tio n s  re su ltin g  in th e  m o re  e ffic ien t use  o f  cap ita l 
an d  lab o r w ere cu ltiv a ted . T h e  g e n e ra l e n g in e e r in g  a n d  m a n a g e m e n t s tra t
egy em p h as ized  th e  eco nom ica l use  o f  la rge , c ap ita l-in ten siv e  technology .

T h e  sp re a d  o f  a system  also gave its o p e ra to rs  th e  o p p o r tu n ity  to  fulfill 
f u r th e r  p r in c ip le s  o f  load  fac to r. E conom ic m ix was th e  new er concep t, 
b u t load  fac to r a lso  p ro v id e d  g u id a n c e  in lo w erin g  costs. In  th e  1920s, 
em p h as is  was p laced  o n  d ev e lo p in g , by m ak in g  co m p lem en ta ry , a d iversity  
o f  load  in ru ra l a g r ic u ltu ra l a n d  in d u s tr ia l activities such  as m in ing . F rom  
an  eco n o m ic  v iew po in t, how ever, th e  iso lated  sm all fa rm  re m a in e d  an  u n 
a ttrac tiv e  load  becau se  th e  cost o f  d is tr ib u tio n  to  a sing le  fa rm  re q u ire d  a 
cap ita l in v es tm en t th a t was un like ly  to  be re p a id  th ro u g h  use. As som e 
p riv a te  u tilities n o te d , in o rd e r  fo r th e m  to  su p p ly  iso lated  fa rm s  at an  
a f fo rd a b le  p rice , they  w ou ld  have  to  ch a rg e  o th e r  co n su m ers  ra tes  which 
in e ffec t w ou ld  subsid ize  th e  fa rm ers . T h e  e lec trifica tion  o f  ru ra l a reas  
w ould  be fu r th e r  s tim u la te d  in th e  1930s, how ever, by reg u la to ry  re q u ire 
m en ts  a n d  by th e  c o o p e ra tiv e  v e n tu re s  o f  fa rm e rs  buy in g  in bu lk  from  
p riv a te  p o w er co m p an ie s  o r  g o v e rn m e n t agencies. O n  th e  o th e r  h a n d , 
th ro u g h  sales cam p a ig n s  fo r  h o m e  app lian ces  such  as stoves a n d  irons, th e  
utilities e n c o u ra g e d  in c reased  co n su m p tio n  by sm all co n su m ers  in tow ns 
a n d  cities.5

T h e  sp re a d  o f  reg io n a l p o w er system s stim u la ted  e n g in e e rs  a n d  m a n 
ag e rs  to  e x p lo it d iversity  a m o n g  w idely se p a ra te d  co m m unities , o r  load  
cen te rs , ingen iously . D iffe ren ces in living a n d  w ork in g  habits aris in g  from  
v aria tio n s in th e  lim e  o f  su n rise  a n d  su n se t, co n tra sts  in te m p e ra tu re  a n d  
ra in fa ll in h ig h la n d  a n d  low land  reg io n s— even d iffe ren ces  in social cus
tom s s te m m in g  fro m  v aried  e th n ic  com position  a n d  h isto ry— w ere used  to  
sh a p e  th e  load  cu rv e . In  th e  U n ited  S tates a few u tilities cou ld  take  a d 

*0(1 rural electrification in the United States, sec D. Clayton Brown. Electricity for Rural 
America: The Fight for the REA (W estport, Conn.: Greenwood Press, 1980). On the promotion 
o f appliances to increase load in the 1920s and 1930s, sec txrslic H annah, Electricity Before 
Nationalisation (Baltimore: The Johns Hopkins University Press, 1979), pp. 186-212.
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van tag e  o f  th e  d if fe re n c e  in lim e  zo n e  w ith in  o n e  a re a  o f  su p p ly , fo r the 
east s ide  e x p e rie n c e d  th e  la te  a f te rn o o n  p eak  load  an  h o u r  ea r lie r  than  
th e  west. In  G e rm an y , a utility  e x te n d in g  fro m  o n e  h is to ric  prov ince  to 
a n o th e r  c o m b in ed  ad v an tag eo u s ly  th e  d iv e rse  d e m a n d  th a t a ro se  from  
d if fe re n t re lig io u s ho lidays a n d  o th e r  p a tte rn s  o f  c u ltu re  involv ing  th e  use 
o f  ap p re c ia b le  a m o u n ts  o f  en e rg y . D iversity , how ever, was fully explo itab le  
on ly  if  p red ic tab le .

T h e  c o n cep t o f  re liab ility  a n d  re la te d  re se rv e  capacity  was fu r th e r  honed  
a n d  a p p lie d  by th e  system  b u ild e rs . A system  was ju d g e d  reliab le  if  the 
re se rv e  g e n e ra tin g  capac ity  e q u a le d  th e  la rg est likely fa ilu re  in th e  system, 
w h e th e r  o f  a g e n e ra tin g  u n it  o r  a tran sm issio n  line. W h e re  several systems 
in te rc o n n e c te d  w ith a lie line o f  su ffic ien t capacity , th e  in te rco n n ec ted  
system  th e n  n e e d e d  to  c a rry  a re se rv e  capacity  eq u a l to  th e  p ro b ab le  hazard  
in th e  co m b in a tio n . T h e  a ssu m p tio n  was m ad e  th a t on ly  o n e  o f  th e  m ajor 
h a z a rd s  w ou ld  o ccu r  at o n e  tim e  w ith in  th e  in te rc o n n e c tio n . I f  th re e  in 
d e p e n d e n t  system s, fo r  ex am p le , each  h ad  a likely fa ilu re  o f  100,000 kw., 
th e ir  re se rv e  w ou ld  to ta l 3 0 0 ,000  kw. In te rc o n n e c te d , they  w ould  carry  a 
c o m b in ed  re se rv e  o f  on ly  100,000 kw. D u rin g  p e r io d s  w hen  a given  system ’s 
u n its  w ere  sh u t d ow n  fo r  m a in te n a n c e  w ork , th e  excess capac ity  o f  the 
o th e r  system s w ith in  th e  in te rc o n n e c tio n  w ou ld  be d ra w n  u p o n . Such  o p 
e ra tin g  co n cep ts  a n d  p ro c e d u re s  a re  ro u tin e  to d ay , b u t in th e  1920s they 
w ere ju s t  b e in g  in tro d u c e d .6

P rac titio n e rs  o f  reg io n a l system s tech n o lo g y  a r tic u la te d  th e ir  concep ts 
a n d  s tra teg ie s  d u r in g  th e  1920s. T h e  co n cep ts  w ere  m o re  inclusive than  
th o se  d e f in e d  by S am uel In su ll fo r C h icago  in an  e a r lie r  e ra  (see pp . 216— 
21 above). T h e  syn thesis o f  d e sign  a n d  o p e ra t in g  p r in c ip le s  e x p re sse d  by 
e lec trica l e n g in e e rs  a n d  m an ag e rs  in n u m e ro u s  techn ica l a r tic les  a n d  books 
in th e  U n ited  S ta tes, G e rm an y , G rea t B rita in , a n d  e lsew h ere  can  be briefly  
su m m a riz e d  as follows:

1. O b ta in in g  eco n o m ies of scale w ith la rg e  g e n e ra tin g  u n its  (steam  and  
w a te r tu rb in es);

2. M assing  th e  g e n e ra tin g  u n its  n e a r  load c e n te rs  o r  econom ica l sources 
o f  en e rg y  a n d  n e a r  coo ling  w ater (g ian t p o w er p lan ts);

3. T ran sm ittin g  electricity to load cen ters (high-voltage transm ission  lines);
4. C u ltiv a tin g  m ass c o n su m p tio n  by c h a rg in g  low a n d  d iffe re n tia l  ra tes 

a n d  a llow ing  su p p ly  to  c rea te  d e m a n d ;
5. In te rc o n n e c tin g  p o w er p lan ts  to  o p tim ize  th e ir  d if fe re n t ch a rac te ris

tics;
6. In te rc o n n e c tin g  loads to  tak e  a d v a n ta g e  o f  d ivers ity  a n d  th e reb y  raise 

load  a n d  d e m a n d  factors;
7. C e n tra liz in g  c o n tro l o f  in te rc o n n e c te d  loads a n d  p o w er p lan ts  (estab

lish ing  d isp a tc h in g , o r  sy s tem -co o rd in a tin g , cen te rs);
8. F o recastin g  load  re q u ire m e n ts  in o rd e r  to  ach ieve  o p tim u m  o p era tio n s 

w ith in  th e  in te rc o n n e c te d  system ;

0 For an excellent description and analysis ol the o|>eration or m odern power systems, see 
Wallace E. Brand. "Northeast Electric Bulk Power Supply," Public Utilities Fortnightly, 9 June  
1966, pp. 65-88; and W. C. Astley, "The System," in Electric System Operation, ed. B. G. A. 
Skrotzki (New York: McGraw-Hill, 1954). pp. 1-54.
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9. L o w erin g  in sta lled  a n d  re se rv e  capacity  a n d  c o o rd in a tin g  m a in ten an ce  
sh u td o w n s  th ro u g h  th e  e x p lo ita tio n  o f  p o w er p la n t in te rc o n n e c tio n s ;

10. A ccep tin g  g o v e rn m e n t re g u la tio n  in o rd e r  to  estab lish  a n a tu ra l m o 
nopo ly ;

11. E a rn in g  a r e g u la r  a n d  a d e q u a te  re tu rn  o n  in v estm en t in o rd e r  to  ob ta in  
cap ita l a t rea so n ab le  in te re s t.

T h e s e  vario u s po lic ies a n d  tech n o lo g ie s  w ere in te rd e p e n d e n t  in th e ir  fu n c 
tio n in g  a n d  effec ts . In  th e  tw en ties all w ere  co n s id e red  to  be in teg ra l to 
th e  ach ie v e m e n t o f  o p tim u m  load  fac to r a n d  econom ic  m ix. N o t on ly  was 
th e  physical te c h n o lo g y  o f  reg io n a l system s co m plex , b u t th e  th e o rie s  of 
system  m a n a g e m e n t th a t evolved  w ere th e  m ost sop h is tica ted  inn o v a tio n  
since th e  fo rm u la tio n  o f  co m p lex  ra ilro a d  m a n a g e m e n t co n cep ts  in  the 
n in e te e n th  c e n tu ry .7

T h e  a rtic u la te d  p r in c ip le s  w ere  g u id e lin e s  fo r  th e  a c h iev em en t o f  low er 
costs a n d  g re a te r  re liab ility  o f  su p p ly , th e  p r im a ry  objectives o f  th e  reg iona l- 
system  b u ild e rs . M ost o f  th e  p r iv a te  a n d  g o v e rn m e n t-o w n e d  utilities b u ild 
ing  reg io n a l system s h e ld  to  th is goal; th e  p riv a te  utilities e m b ro id e re d  it 
by a d d in g  th e  p ro f it m o tive . N o t all u tilities so u g h t to  low er costs, how ever. 
F o r ex am p le , sm all u rb a n  u tilities w ere co n te n t to  o b ta in  a r e tu rn  on  th e ir  
in v estm en t; lo w erin g  costs by in c reas in g  size a n d  c o n su m p tio n  was n o t th e ir  
goal. Sm all m u n ic ip a l u tilities w ere also  satisfied  to  su p p ly  electric ity  a t 
p rices th a t a s su re d  a load  a p p ro p r ia te  to  th e  capacity  o f  th e  p lan t, a n d  to 
e a rn  re tu rn s  th a t w e re  accep tab le  to  th e  tax p ay e rs  ( ra tep ay e rs  in B rita in ).

H av in g  d e f in e d  o p e ra t in g  co n cep ts  a n d  objectives, th e  reg io n a l utility  
b u ild e rs  e v a lu a ted  th e  p e rfo rm a n c e  o f  th e  c o m p o n e n ts  o f  th e  system — th e  
p o w er s ta tio n s, su b s ta tio n s , tran sm issio n  a n d  d is tr ib u tio n  lines, etc. T h e  
physical v ariab les  o f  each  co m p o n e n t a ffe c tin g  th e  a c h iev em en t o f  th e  
b u ild e rs ’ ob jectives w ere  q u a n tif ie d  as costs, a n d  th e  system  en g in e e rs  th en  
so u g h t m ean s to  vary  th e  cha rac te ris tic s  o f  a co m p o n e n t in o rd e r  to  low er 
costs. T h e  e ffec t o f  a va ria tio n  o n  th e  o th e r  c o m p o n e n ts  a n d  o n  th e  c o n 
nec to rs  th e n  h a d  to  be  a sce rta in ed . F o r th is rea so n  it was d es irab le  to  m odel 
o r  to  d ev e lo p  e q u a tio n s  fo r  th e  system . T h is  s te p  was n o t d ifficu lt, fo r th e  
e n g in e e rs  w ere  accu sto m ed  to  s ta lin g  th e  physical ch a rac te ris tics  o f  th e  
system  qu an tita tiv e ly , a n d  cost .accountan ts a n d  m an ag e rs  co u ld  th e n  t ra n s 
la te  th e se  ch a rac te ris tic s  a n d  re la te d  effic iency  d a ta  in to  costs.

S uch  analyses rev ea led  im balances o r  b o ttlenecks w ith in  th e  system . T h e  
im balances w ere  seen  as d ra g s  o n  th e  m o v em en t o f  th e  syslem  to w ard  its 
goals, especially  th o se  o f  low er costs a n d  la rg e r  size. D esiring  to  rem ove  
an  im balance  o r  bo ttlen eck , th e  e n g in e e rs  an d  m an ag e rs  th en  d e f in e d  th e  
rev e rse  sa lien t in th e  syslem  as a p ro b lem  o r  set o f  p ro b lem s th a t, w hen  
so lved , w ould  rem o v e  th e  im p ed im en t. T h e  so lu tion  to  th e  p ro b lem  fo r  
o n e  c o m p o n e n t o f ten  re v e rb e ra te d  th ro u g h  th e  system  cau sin g  im balance  
in o th e r  c o m p o n e n ts  o r  co n n ec to rs  (transm ission  lines fo r in stance), a n d  
these  w ere  th e n  a ttack ed  as prob lem s.

C h an g es  in o u ts id e  forces such  as d e m a n d  a n d  su p p ly  also a ffec ted  th e

’ These principles were articulated by Samuel Instill, Charles Mcrz. and A. Koepchen. for 
instance. T heir  articles, reports, and speeches have been cited throughout this study. See also 
Thom as P. Hughes, "Regional Technological Style." in Technology and Its Impact on Soriely: 
Teknisha Mmeet Symposia No. I (Stockholm: Tekniska Musec!, 1970), p. 218.
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ach iev em en t o r  system  objectives. System  costs o f te n  in c rea sed  because o f 
c h an g es  in su p p ly  p rices  o r  b ecause  o f  co n d itio n s , such  as reg u la to ry  re 
q u ire m e n ts , o r ig in a tin g  o u ts id e  th e  system  a n d  b e y o n d  th e  co n tro l o f  its 
o p e ra to rs . T h e se  effec ts  w ere  usually  localized w ith in  p a r tic u la r  system 
c o m p o n e n ts  o r  c o n n ec tio n s , h ow ever, a n d  th u s  becam e id en tifiab le  as p ro b 
lem s. T h e  so lu tio n s to  th ese  p ro b le m s in tu rn  o f te n  cau sed  im balances and  
th e  n eed  fo r f u r th e r  co rre c tio n . As a re su lt o f  th e  o n -g o in g  p rocess of 
e n g in e e r in g  a n d  cost analysis a n d  p ro b lem  so lv ing , o r  in v en tio n  a n d  d e 
v e lo p m en t, th e  reg io n a l system  usually  re m a in e d  in a sta le  o f  dynam ic 
im balance . T h e  c h a n g in g  e n v iro n m e n t a n d  in te rn a l g ro w th  p re v e n te d  the 
a c h iev em en t o f  an  o p tim a l d y n am ic  eq u ilib riu m . O n ly  if  th e  system  had 
b een  clo sed— n ot in f lu e n c e d  by e x te rn a l fo rces— m ig h t a n  eq u ilib riu m  have 
b een  ach ieved  o n ce  g ro w th  e n d e d .

System  im balances co n s titu ted  rev e rse  salien ts, a n d  th e ir  id en tifica tion  
as critical p ro b lem s o f te n  led to  techn ica l so lu tio n s (see p p . 1 4 -1 5  above). 
M an ag e rs  a n d  cost a c co u n tan ts  tu rn e d  to  e n g in e e rs , in v en to rs , a n d  sci
en tis ts  fo r th e se  so lu tions. R everse  sa lien ts, critical p ro b lem s, a n d  so lu tions 
w ere last c o n s id e re d  in th is s tu d y  in th e  d iscussion  o f  th e  p e r io d  o f  transition  
fro m  d ire c t c u r r e n t  to  a lte rn a tin g  c u r r e n t  in th e  la te  1880s. B ecause the 
critical p ro b lem s o f  th e  d .c. system  co u ld  n o t be  a d e q u a te ly  so lved , the 
new , a l te rn a tin g -c u r re n t system  d ev e lo p ed  on  th e  basis o f  a so lu tio n  that 
co u ld  n o t be en co m p assed  in th e  o ld  system . In  c o n tra s t ,  d u r in g  th e  1920s, 
th e  e ra  o f  th e  m a tu re  reg io n a l system , critical p ro b le m s w ere  so lved  w ithin 
th e  c o n te x t o f  th e  ex is tin g  system , rev e rse  sa lien ts  w ere  c o rre c te d , an d  the 
sy stem ’s m o m e n tu m  was m a in ta in e d . C o n tro v e rs ie s  a ro se  a b o u t a lte rn a tiv e  
so lu tio n s, a n d  d if fe re n t reg io n s  in c o rp o ra te d  tech n o lo g ie s  w ith d iffe ren t 
cha rac te ris tic s , b u t th e se  d iffe re n c e s  w ere  n o t co n s id e re d  to  be so g rea t as 
to  h e ra ld  th e  em e rg e n c e  o f  a new  system .

T h e  n a tu re  o f  th e  c ritical p ro b lem s so lved  by e n g in e e rs  a n d  industria l 
scien tists in th e  1920s can  be in d ica ted  by co n s id e ra tio n  o f  som e o f  the 
o u ts ta n d in g  o n es  th a t w ere co m m o n  to  th e  U n ited  S ta les, G e rm an y , and  
G rea t B rita in . C o n tro l o f  th e  h e te ro g e n e o u s  reg io n a l system , w ith its diverse  
loads a n d  m ixed  e n e rg y  sou rces, was an  e m b ra c in g  critical p ro b lem . In 
a d e q u a te  c o n tro l,  o r  fa ilu re  to  co n tin u o u s ly  m a tch  su p p ly  to  d e m a n d , re 
su lted  in instab ility  in th e  system , w hich  m an ife s ted  itse lf  as v aria tions in 
vo ltage a n d  fre q u en cy . T h e  d isp a tc h in g  c e n te r  was th e  locus o f  th e  prob lem  
a n d  th e  site o f  th e  so lu tio n . The typical co n tro l,  o r  d isp a tc h in g , c e n te r  o f 
th e  1920s d if fe re d  fro m  th e  c o n tro l ro o m  o f  an  u rb a n  system  o p e ra tin g  a 
d ec a d e  e a r lie r  (see Figs. XI 11.2 a n d  X I11.3).8 T h e  e a r lie r  c e n te r  m igh t have 
had  a m a rb le -p a n e le d  sw itch b o a rd  w ith an  o rn a m e n ta l iro n  fram ew ork . 
A tte n d a n ts  m an u ally  o p e ra te d  sw itches m o u n te d  d irec tly  on  th e  board . 
The e a r lie r  c o n tro l ro o m  was p ro b ab ly  located  in th e  p o w er h o u se  to  allow 
pe rso n n e l d ire c t access to  th e  m a ch in e ry  o p e ra to rs . C o n tac t w ith o th e r

"T his description is bused on Georg von Siemens, History of the House of Siemens, trans. A. 
F. Rodger, 2 vols. (Fricbiirg/M unich: Albcr. 1957), 2: 142-45. Sec also Frank Gillooly. "Rein
forcing System O perator s Memory." F.lertncnl Worlil 74 (1919): 347-50; and System Operation. 
a pamphlet issued by the New York Edison and Allied Com panies in July 1927. I am indebted 
to Ms. Dorothy Ellison of the Consolidated Edison Com pany or New York Tor information 
on the history of load dispatching at Consolidated Edison and for the use o f several illustra-



Figure XIII. 2. Involution of the load- 
dispatching. or systems-operations, center of 

Consolidated Edison of New York: The 
system operator’s board in 1902.

Generators, transmission and distribution 
feeder lines, and ties between central 

stations are diagrammed. Tags hung on 
pegs indicate the state of system components.

The first system operator’s board used by 
Consolidated Edison was introduced in 

1898, but no photo of it survives. Courtesy 
of the Consolidated Edison Co. o f New 

York.
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Figure X III.3. Evolution o f load 
dispatching: Consolidated Edison’s semi
automatic system operator’s board, 1912. 

Courtesy of the Consolidated Edison Co. of 
New York.

p o w er p lan ts  was by te lep h o n e . W ith th e  ad v en t o f  th e  h ig h -iran sm issio n  
voltages o f  th e  1920s, c ircu it b reak e rs  a n d  switches h ad  to  be located  a safe  
d is tan ce  fro m  th e  co n tro l room  o p e ra to rs , e ith e r  in a n e ig h b o rin g  room  
o r, b e tte r ,  in an  o p e n -a ir  sw itchyard . T h e n ,  u sin g  rem o te -co n tro l e lectric  
signals to  e n e rg ize  e lec tro m ag n e ts  o r  sm all electric  m o to rs , th e  co n tro l room  
o p e ra te d  th e  o il-filled c ircu it b reak e rs  a n d  switches. By te le p h o n e  in s tru c 
tion , if  th e re  w ere o p e ra to rs  p re sen t,  th e  d isp a tc h e r  m a in ta in ed  co n tro l 
over circuit b reakers and  tu rbogenera to rs  a t locations tens o r  even h u n d re d s  
o f  m iles away. T h e  cen tra l co n tro l room  fo r th e  system  received  te le g ra p h
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signals from  re m o le  sen so rs  in d ica tin g  th e  s ta le  o f  vario u s u n a tte n d e d  un its 
a n d  se n t signals to  co n tro l th e  p e r fo rm a n c e  o f  th e se  un its . T h e  cen tra l 
co n tro l ro o m  rece ived  vo ltage, a m p e ra g e , a n d  freq u en cy  re a d in g s  and  
in fo rm a tio n  a b o u t th e  physical sta le  o f  tu rb in e s , bo ile rs, d am  w ater-flow , 
c ircu it b re a k e rs , a n d  sw itches in th e  fa r-f lu n g  tran sm issio n  n e tw o rk . L arge 
electrical m a n u fa c tu re rs  a n d  sm all co m p an ie s  spec ia liz ing  in in s tru m e n 
ta tio n — fo r in stance , L eeds 8c N o r th ru p  in th e  U n ited  S lates— d eveloped  
tran sm itte rs , rece ivers , a n d  d isp lays to  p ro v id e  c e n tra l co n tro l ro o m s with 
in fo rm a tio n  by te le m e te r in g .9 C o n tro l c e n te rs  in tu rn  c o n s tru c te d  large 
m odels  o f  th e  e v e r-c h a n g in g  system s. L igh ts  o n  th e  m o d e ls  in d ica ted  which 
tran sm issio n  lines, g e n e ra to rs , bus b ars , a n d  t ra n s fo rm e rs  w ere in use; the 
ligh ts fo r  closed  sw itches w ere  o n e  co lo r, th o se  fo r  o p e n  sw itches a n o th e r. 
S u r ro u n d e d  by h is in s tru m e n ts  a n d  co n tro ls , th e  d isp a tc h e r  becam e a p o p 
u la r  sym bol o f  h ig h  tech n o lo g y  in th e  tw en tie s .10

S erv in g  as a re fe re n c e  fo r  th e  co n tro l o f  system s, th e  freq u en cy  m etet 
was an  ex tre m e ly  im p o r ta n t in s tru m e n t fo r  th e  d isp a tc h e r . F o r form erly 
a u to n o m o u s  system s to  m e rg e  o r  fo r  system s to  e x c h a n g e  p o w er by in te r
co n n ec tio n , p rec ise  s ta n d a rd iz a tio n  a n d  reg u la tio n  o f  f req u en cy  was re 
q u ire d . In  th e  U n ited  S tates, 60  cycles was th e  s ta n d a rd  freq u en cy  fo r most 
system s; 50  cycles p rev a iled  in G e rm an y ; a n d  B rita in  was in th e  process  ol 
a b a n d o n in g  its p le th o ra  o f  varia tio n s a n d  se ttlin g  o n  50  cycles. A system 
c o n tro lle r  knew  th a t if  th e  freq u en cy  o f  th e  system  va ried  w ith in  tolerable 
lim its a ro u n d  th e  s ta n d a rd ,  th e  su p p ly  o f  e n e rg y  in to  th e  system  would 
eq u a l th e  e n e rg y  tak en  by load  a n d  losses. I f  th e  fre q u e n c y  fell c onsiderab ly , 
it was his jo b  to  signal th e  p o w er sta tio n s to  in c rease  en e rg y  su p p ly  by 
fu e lin g  bo ile rs m o re  rap id ly  in th e rm a l p lan ts  o r  by in c rea s in g  w ater flow 
in h y d rau lic  in sta lla tions. I f  th e  freq u en cy  ro se  sign ifican tly , he  w ould  call 
fo r  a d ec rea se  in th e  flow o f  e n e rg y  in to  th e  system . T h e  freq u en cy  m eter 
gave a d ire c t re a d in g  o f  th e  freq u en cy  o f  th e  w aves o f  a lte rn a tin g  c u rre n t, 
b u t m o re  im p o rta n tly  p ro v id e d  an  in d ire c t in d ica tio n  o f  th e  sp eed  o f  ro 
ta tio n  o f  th e  tu rb o g e n e ra to rs .  T h e  ro to rs  o f  th e  g e n e ra to rs  fe lt th e  load 
on  th e  system  in th e  s tre n g th  o f  th e  m ag n e tic  fie ld  w ith in  a n d  ag a in st which 
they  tu rn e d .  T h e  freq u en cy  o f  a p o w er system  was an a lo g o u s  to  th e  rev 
o lu tio n s  o f  th e  early  W all s team  e n g in es , th e  g o v e rn o rs  (con tro lle rs) of 
w hich in c rea sed  o r  d ec re a se d  s team  flow to  m a in ta in  a b a lance  betw een 
e n e rg y  in p u t a n d  o u tp u t.  In v e n to rs  a n d  e n g in e e rs  d e s ig n e d  au tom atic  
feedback  c o n tro ls , fo r  freq u en cy  re g u la tio n  a n d  qu ick  re sp o n se  w ere critical 
p ro b lem s, b u t b ecau se  th e  a u to m a te d  system  was so com p lica ted , m anual 
c o n tro l o f  g e n e ra tio n  was th e  g e n e ra l e x p e d ie n t in th e  1 9 2 0 s."

I he focus on  p ro b lem s o f  system  c o n tro l is rev ea led  by th e  list o f  topics 
d e a lt w ith in p a p e rs  p u b lish ed  by th e  A m erican  In s titu te  o f  E lectrical E n
g in ee rs  f ro m  1929 to  1934. T h e  top ics d if fe re d  rad ically  fro m  those  of 
p a p e rs  p u b lish ed  a g e n e ra tio n  e a rlie r. O f  th e  tw en ty -fo u r  new  topics in
tro d u c e d , m o re  th a n  hall p e r ta in e d  to  p o w er system s a n d  transm ission .

“ Leeds Sc N orihrup  has deposited its papers in the archives of the E leuthcrian Mills 
Historical Library in Wilmington (Creenvillc). Del.

"’Similar control centers were developed (rom other industries. See, for example, Eduard 
Schmiiing, "Process Control Rooms," IIA S t  lirvirw  2-t (1974): 66-71.

"  Uennetl, A llulory of Control Engineering, pp. 166-67. 171.
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T h o se  th a t w ere  w ritten  ab o u t m ost freq u en tly  w ere  “in te rc o n n e c te d  pow er 
system s a n d  stab ility"; “au to m a tic  sta tions, te le m e te r in g , a n d  su p e rv iso ry  
c o n tro l” ; “A -C d is tr ib u tio n  ne tw o rk s a n d  relays” ; “a u to m a tic  co n tro l of 
freq u en cy  a n d  voltage reg u la tio n " ; " tra n s fo rm e rs— ta p  c h a n g in g  u n d e r  
load  a n d  su rg e -p ro o f" ;  “m e rc u ry  a rc  rec tifie rs  a n d  in v e rte rs" ; "oil c ircu it 
b re a k e r s — th e o ry ,  d e s ig n , a n d  te s t in g ” ; " im p u lse  v o lta g e — g e n e ra t io n ,  
m e a su re m e n t, a n d  tes ting"; a n d  “new  types o f  fuses, l ig h tn in g  a r re s te rs , 
p ro tec tiv e  gaps, a rc in g  h o rn s , sw itchgear, e tc .” 12

T h e  list o f  sub jects a lso reveals a n o th e r  m a jo r “critical p ro b le m s” a rea  
p e r ta in in g  to  reg io n a l system s, in su la tio n . S u rg e -p ro o f  tra n s fo rm e rs , oil- 
filled c ircu it b reak e rs , im p u lse  vo ltage, a n d  new  types o f  fu ses  a n d  lig h tn in g  
a r re s te rs  all re la te  to  h ig h -vo ltage  tran sm issio n  a n d  especially  to  th e  in 
su la tio n  m a d e  n ecessary  by it. S u rg es a re  h ig h , tra n s ie n t vo ltages cau sed  
by sh o r t c ircu its  o r  l ig h tn in g ; c ircu it b re a k e rs  p re se n t se rio u s in su la tio n  
p ro b lem s; im p u lse  vo ltages a re  g e n e ra te d  in  e x p e rim e n ts  to  tes t th e  in 
su la tio n  used  in  p o w er system s; a n d  p ro tec tiv e  g ap s a n d  a rc in g  h o rn s  a re  
d e s ig n ed  to  ca rry  o ff, o r  in te r ru p t ,  ove rlo ad s cau sed  by lig h tn in g  b e fo re  
th e  e x tre m e  o v e rlo ad  d am ag es  eq u ip m e n t;  m e rc u ry  a rc  rec tifie rs  p ro v id e  
a m ean s o f  c o n v e rtin g  a lte rn a tin g  c u r r e n t  to  d ire c t c u r r e n t  in h igh -vo ltage , 
un iversa l system s. T h e s e  w ere  th e  critical e lectrical p ro b lem s o f  th e  rap id ly  
evolv ing  reg io n a l system s.

T h e  n eed  to  d ev e lo p  in su la tio n  th a t w ould  ad eq u a te ly  p ro te c t e q u ip m e n t 
a n d  tran sm issio n  tow ers  f ro m  h ig h  voltages, su rg es b ro u g h t on  by sh o rt 
c ircu its, a n d  th e  tra n s ie n t e x tre m e s  caused  by lig h tn in g  was so g e n e ra l th a t 
e lectrical e n g in e e rs  a n d  scien tists in th e  1920s ana lyzed , ca teg o rized , a n d  
q u a n tif ie d  th e ir  e x p e r ie n c e  a n d  ex p e rim e n ts  to  estab lish  a science o f  in 
su la tion . H ow  academ ics scientifically  a p p ro a c h e d  th e  h ig h -v o ltag e  p ro b 
lem  o f  c o ro n a  ab o u t th e  tu rn  o f  th e  cen tu ry  has a lread y  b een  ex p lo re d  
(see pp . 1 5 8 -6 0  above). In  th e  tw enties, som e o f  th e  sam e re se a rc h e rs  a n d  
m any  o th e rs  tu rn e d  to  th e  s tu d y  a n d  desig n  o f  in su la tio n . P o rce la in  in 
su la to rs  o f  co m p lex  desig n  a n d  u n u su a l m ateria l p ro p e rtie s  w ere  n e e d e d  
to  su sp e n d  th e  tran sm issio n  lines fro m  th e  g re a t c ro ss-co u n try  tow ers; 
b u sh in g s w ere  n e e d e d  to  c a rry  lines in to  tran s fo rm e rs ;  a n d  circu it b re a k e rs  
h ad  to  be a p p ro p ria te ly  in su la ted  w ith oil. T h e se  w ere  som e o f  th e  specifics 
th a t fell u n d e r  th e  g e n e ra l ru b r ic  o f  in su la tio n .13 As h a d  b een  th e  case.w ith 
in s tru m e n ts  fo r  system  co n tro l, som e com pan ies , such  as O h io  B rass in th e  
U n ited  S tates, specialized  in so lv ing  th e  critical p ro b lem s o f  in su la tion  (see 
Fig. X I I I .7, p. 380 , b e low ).14

11 Charles F. Scoll, "T he Institute's First H alf Century," Electrical Engineering 53 (1934): 
666. T he critical problem s of transmission were discussed in Frank Baum, “Some Power 
Transmission Economics," AIEE Proceedings 26 (1907): 743-57; P. W. Sothman, “Problems 
o f H igh-Tension Transmission Lines," ibid. 33 (1914): 201-14; and P. Junkcrsfcld. "Distri
bution o f Electrical Energy: Report o f the Sub-Committee on Distribution,” ibid., pp. 235- 
41.

”  G eorg Boll, "Nalionale und internalionalc Verbundwirlschaft au f Hoch- und Hochst- 
spannungslcilungcn," in Das Zeitalter der Elektriiitat (Frankfort on the Main: VDEW, 1967), 
p. 78; and idem, Geschichte des Verbundbetriebes (Frankfort on the Main: VWEW, 1969), pp.
129-38.

14 I am indebted to Joseph T . Lusignan, formerly an engineer at the O hio Brass Company, 
for calling my attention to the contributions o f A. O. Austin and Ohio Brass to the development 
of the m odern cap-and-pin suspension insulator for high-voltage transmission lines. Among
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A rev e rse  sa lien t o f  th e  e v e r-e x p a n d in g , co m p lex  reg io n a l system s was 
th e  inab ility  o f  e n g in e e rs  to  p recisely  ana lyze  a n d  d e f in e  th em  w ith  eq u a 
tions th a t show ed  fu n c tio n a l re la tio n sh ip s . E ffo rts  to  w rite  th e se  eq ua tions 
re su lte d  in c o m p lica ted  m a th em a tica l p ro b lem s, th e  so lu tio n  o f  w hich was 
ted io u s  a n d  tim e-co n su m in g , i f  n o t im possib le . W ith o u t a p rec ise  a n d  clear 
u n d e rs ta n d in g  o f  th e  system s, e n g in e e rs  h ad  to  re ly  o n  em pirica l, o r  cut- 
a n d -try , m e th o d s  to  im p ro v e  system  p e rfo rm a n c e . E n g in ee rs  w ho w ere 
th o ro u g h ly  tra in e d  in m a th em a tic s  d e f in e d  th is rev e rse  sa lien t as a  p rob lem  
calling  fo r  new  m o d e s  o f  eq u a tio n  so lv ing  a n d  m o re  c o m p lex  an a lo g  m odels 
o f  th e  system s. In  th e  U n ite d  S ta tes , e n g in e e rs  a t W es tin g h o u se  Electric 
a n d  G e n e ra l E lectric  a ssem b led  m in ia tu re  an a lo g  p o w er system s in o rd e r  
to  investiga te  th e  s tab ility  p ro b lem  (see Fig. X I 11.4). A t th e  M assachusetts 
In s ti tu te  o f  T e c h n o lo g y , P ro fe sso r  V a n n e v a r  B ush  (1 8 9 0 -1 9 7 4 )  o f  th e  elec
trical e n g in e e r in g  d e p a r tm e n t  a n d  tw o o f  h is g ra d u a te  s tu d e n ts , H aro ld  
H azen  a n d  H u g h  S p e n c e r , also  e m b a rk e d  on  th e  d esig n  o f  a device to 
sim u la te  a c o m p lex  p o w er system . T h e y  u sed  sm all t ra n s fo rm e rs  as g e n 
e ra to rs  a n d  m o to rs , v ariab le  re sis to rs  as loads, a n d  a rtific ia l transm ission  
lines. T h e  s im u la to r  h ad  th re e  g e n e ra tin g  sta tio n s, 200  m iles o f  line , and  
six load  c e n te rs  e n co m p assed  in  a space  o f  50 sq u a re  fee t. D raw ing  on 

F igurexin .4 . Network analyzer. 1937. adv ice  fro m  G e n e ra l E lectric  e n g in e e rs  a n d  o th e rs , th e  M .I.T . g ro u p  com -
Courtesy of the Genera^ ElecMf Co^. p ie te d  th e  d ev ice, th e  “n e tw o rk  a n a ly ze r ,” in  1929. D u r in g  th e  n ex t two

' d ecad es  n u m e ro u s  u tilities a n d  e lec tric  m a n u fa c tu re rs  u sed  th e  analyzer
in so lv ing  system  p ro b lem s. S im ila r dev ices called  n e tw o rk  ca lcu la to rs  and  
a.c. c a lcu la tin g  b o a rd s  w ere bu ilt e ls e w h e re .15

N e tw o rk  ana ly ze rs  m ad e  e x p e r im e n ta tio n  possib le  by va ry in g  th e  a r 
ran g em en t a n d  size o f  g enera to rs , transm ission  lines, a n d  tra n sfo rm e r  banks. 
M easu rin g  th e  e ffec ts  o f  v a ria tio n s in  o n e  o r  several co m p o n e n ts  on  the 
p e rfo rm a n c e  o f  o th e r  co m p o n e n ts , th e se  ana ly ze rs  te s ted  th e  sy stem ’s s ta 
bility. T h e  re su lts  o b ta in e d  on ly  a p p ro x im a te d  th e  rea l ev en ts  in th e  full- 
scale system , h ow ever, fo r  th e  ac tua l ev en ts  w ere  loo  co m p lex  fo r  exact 
sim u la tio n .

E n g in ee rs— a n d  physicists— also w an ted  to  be ab le  to  w rite  g e n e ra l system

the articles written by Austin are “ Insulation o f Some o f the H igher Voltage Lines" (Paper 
presented at the In ternational H igh-Tension Congress. Paris. 18-27 Ju n e  1931); and "A 
Laboratory for Making Lightning and O ther Tests upon Full Sized Insulator Strings and 
Towers" (Paper presented at the In ternational H igh T ension Congress. Paris, 6 -15 June  
1929). On the developm ent o f transmission towers and suspension insulators, see also H. W. 
Duck, "Some New Methods in High-Tension Line Construction,” AIEE Proceedings 26 (1907): 
981-87; and E. M. Hewlett, "A New T ype o f Insulator for High-Tension Transmission Lines," 
ibid.. pp. 975-79.

ISI am indebted to Professor Karl Wildes o f the M .I.T.'s D epartm ent o f  Electrical Engi
neering for the inform ation on which this account o f the network analyzer is based. Professor 
Wildes is w riting a history o f the electrical engineering departm ent at M .I.T. O ther sources 
for the background and invention o f the analyzers are Charles L. Fortescue, "Method of 
Symmetrical Coordinates Applied to the Solution o f Polyphase Networks," AIEE Transactions 
37 (1918): 628-716; the paper by H. L. Hazen, O. R. Schurig .and  M. L. G ardner, "Abridgment 
o r 'T h e  M .I.T. Network Analyzer.' " AIEE Journal 49 (1930): 872-75: H. A. T ravers and W. 
W. Parker, "An A lternating-Current Calculating Board," The Electric Journal 27 (1930): 266- 
70; and Eric Gross, "Network Analyzer Facilities Keep Pace with Industry Growth,” Electric 
Light and Power 34 (1956): 82-85. T he  last-named article lists the location and dale o f in
stallation o f forty network analyzers between 1929 and 1956.
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eq u a tio n s  a n d  to  solve th ese  in a rea so n ab le  a m o u n t o f  tim e. V an n e v a r  
B ush  su m m arized  th e  f ru s tra tio n  o f  th o se  w ho w ere  a tte m p tin g  to  solve 
eq u a tio n s  fo r  th e  syslem :

Electrical engineering, for example, having dealt with substantially linear 
networks th roughout the greater part o f its history, is now rapidly introducing 
into these methods elements the non-linearity o f which is their salient feature, 
and is baffled by the mathematics thus presented and requiring solution. 
Mathematical physicists are continually being ham pered by the complexity 
ra ther than the profundity  o f the equations."1

T h e  inability  to  ana lyze  a d eq u a te ly , solve e q u a tio n s  exp ed itio u sly , a n d  d e 
sign  a n d  p re d ic t  well was obviously  th re a te n in g  to  re ta rd  th e  fu r th e r  d e 
v e lo p m e n t o f  reg io n a l system s.

B etw een  1927 a n d  1931 B ush  a n d  his associates a t M .l.T . in v en ted  a 
co n tin u o u s  in te g ra p h  fo r  so lv ing  se c o n d -d e g re e  e q u a tio n s  a n d  th e  d if f e r 
en tia l a n a ly ze r (a dev ice w ith m echan ica l c o m p o n e n ts  a n d  a n  electrical 
d rive) fo r  so lv ing  d iffe re n tia l  eq u a tio n s . T h e  d iffe re n tia l  ana ly ze r, an  a n 
alog  device, n o t on ly  p ro v ed  u se fu l in so lv ing  p o w er system  p ro b lem s b u t 
a lso s tim u la ted  th e  d e v e lo p m e n t o f  g e n e ra l-p u rp o se  an a lo g  a n d  d ig ita l 
c o m p u te rs  (see Figs. X I1 1.5 a n d  X I11.6). In  th e  th irtie s , e n g in e e rs  a t th e  
U n iversity  o f  P en n sy lv an ia  b u ilt a d if fe re n tia l  an a ly zer to  h e lp  solve system  
stability  p ro b lem s. D u r in g  W o rld  W ar II ,  physicists a n d  en g in e e rs  th e re  
in v en ted  a n d  bu ilt th e  E N 1A C , th e  w o rld ’s first g e n e ra l-p u rp o se  d ig ita l 
c o m p u te r . T h e  w o rk  o n  th e  E N IA C  was in flu en ced  by th e  e a r lie r  e x p e 
rien ce  w ith  th e  d if fe re n tia l  a n a ly z e r .17

R egional system s p ro b le m  so lv ing  o c c u rre d  m ostly  w ith in  in stitu tio n a l 
settings. In  th e  1880s in d iv id u a l in v en to rs  h a d  m a d e  an  e ffective c o n tr i
b u tio n  to  th e  e m e rg in g  fie ld s o f  te ch no logy  such  as e lec tric  su p p ly , b u t by 
th e  1920s th e  m a tu re  system s h a d  a c cu m u la ted  in stitu tio n s th a t te n d e d  to  
ex c lu d e  ind iv id u a ls  u n s u p p o r te d  by collegial activity  a n d  ex p en siv e  e q u ip 
m e n t d e s ig n e d  specifically  to  re sp o n d  to  th e  p ro b lem s o f  a w ell-defined  
syslem . D u rin g  th e  tw en ties, in v en tio n , re sea rch , a n d  d e v e lo p m e n t c o n tin 
u ed  to  be c a rr ie d  o u t in th e  academ ic  w orld  (as w ork  o n  th e  d iffe re n tia l  
a n a ly ze r illu stra tes) a n d  in  th e  lab o ra to rie s  o f  th e  electrical m a n u fa c tu r 
e r s .18

T h e  h ig h -v o ltag e  lab o ra to rie s  th a t flo u rish ed  in th e  1920s w ere  a m o n g  
th e  n ew est o f  th e  re sea rch  o rg an iza tio n s  to  fo rm  close ties w ith th e  reg io n a l 
p o w er system s. S e t u p  by electrical m a n u fa c tu re rs , un iversities, a n d  in-

18 Vannevar Bush, “T he  Differential Analyzer: A New Machine for Solving Differential 
Equations," Franklin Institute Journal 212 (1931): 448.

l7See Thom as P. Hughes. “Eniac: Invention o f  a Com puter," Technikgeschichte 42 (1975): 
147-65; and H erm an Goldstinc, The Computer from Pascal to von Neuman (Princeton: Princeton 
University Press, 1972).

10 T he  discussion o f critical problem s has been limited in this section to the electrical syslem 
per sc, but engineers and inventors were also seeking solutions to critical problems in turbines 
and boilers for regional systems. These are discussed by Donald A. Wilson in "The Economic 
Development o f the Electricity Supply Industry in Great Britain, 1919-1939" (D. Phil., Oxford 
University, 1951), p. 234. Wilson provides an informed analysis of British technical practices, 
as com pared to American practices, in the field o r electricity supply. He concludes that British 
technical decisions, although less impressive in isolation, were almost always appropriate to 
Britain's economic circumstances.
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Figure X III.I. Vannrvar Bush (left) and 
Harold llaien  (second from right) at the 

product inlegraph, a step in the 
development of analog computers which 

preceded the differential anatyier. Courtesy 
of the M .I.T. Museum and Historical 

Collections. Cambridge, Mass.

Figure X III.6. Vannevar Bush unth the 
differential analyzer completed in 1931.

Courtesy of the M .I.T. Museum and 
Historical Collections, Cambridge, Mass.
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d u s lr ia l associations, th e se  lab o ra to rie s  w ere  p a r t  o f  th e  lo n g -s ta n d in g  t re n d  
th a t led  en g in e e rs  w ith a scien tific  a p p ro a c h  a n d  scien tists w ith in d u s tr ia l 
in te re s ts  to  tu rn  th e ir  a tte n tio n  to  th e  so lu tio n  o f  th e  critical p ro b le m s o f  
evo lv ing  p o w er a n d  ligh t system s. T h e  t re n d  was easily d isce rn ib le  by th e  
tu rn  o f  th e  c e n tu ry , w hen  th e  p ro b lem s o f  p o ly p h ase  system s w ere  be in g  
ad d re s se d  by e n g in e e rs  w ho d rew  o n  electrical th eo ry , tes ted  h y p o th eses  
in  la b o ra to ry  a n d  field  ex p e rim e n ts , d e r iv e d  q u a n tita tiv e  eq u a tio n s , a n d  
o b ta in ed  d a ta  e x p re ss in g  th e  re la tio n sh ip s  am o n g  co m p lex  fac to rs  in f lu 
e n c in g  th e  p e r fo rm a n c e  o f  e lec tric  system s.

In  G e rm a n y  in  1921, tw enty  u tilities a n d  ten  m a n u fa c tu r in g  firm s es
tab lished  th e  R esearch  C e n te r  fo r  H ig h  V oltage  A p p a ra tu s  (S tu d ien g e - 
sellschaft f iir  H o ch s tsp a n n u n g sa n la g e n  E .V .) T h e  c e n te r  c o n c e n tra te d  o n  
p ro b lem s assoc ia ted  w ith in su la tio n , lig h tn in g , s h o r t c ircu its , g ro u n d in g ,  
e lectrical in te r fe re n c e  fro m  h ig h  vo ltage tran sm issio n  w ith e lec tric  co m 
m u n ica tio n s, a n d  ice a n d  w ind  lo ad in g  o n  tran sm issio n  tow ers  a n d  lines. 
T h ro u g h  fu n d a m e n ta l re sea rch , scien tists a n d  en g in e e rs  so u g h t to  u n d e r 
s ta n d  th e  p h e n o m e n a . T h e  c e n te r  a lso b ecam e know n  fo r  its d e v e lo p m e n t 
o f  m e a su rin g  d e v ic e s .19 M o reo v e r, A EG  a n d  S iem ens, th e  G e rm a n  m a n 
u fa c tu re rs , es tab lish ed  facilities fo r in v estig a tin g  h ig h -v o ltag e  tran sm issio n  
an d  fo r  d e v e lo p in g  system  a p p a ra tu s .20

In  1926 S ta n fo rd  U n iversity  look  th e  lead  am o n g  U .S . u n ivers ities  in 
estab lish in g  a h ig h -v o ltag e  lab o ra to ry . T h e  u n iv e rs ity ’s loca tion  n o t fa r 
so u th  o f  San  F rancisco , C a lifo rn ia , h a d  s tim u la ted  th e  g ro w th  o f  its e lectrical 
e n g in e e r in g  activities, a n d  C a lifo rn ia ’s u tilities, w ith th e ir  p io n e e rin g  h igh - 
vo ltage system s, h e lp e d  s u p p o r t  th e  re se a rc h  p ro g ra m  o f  th e  h igh -vo ltage  
la b o ra to ry . H a rr is  R yan , an  acad em ic  w ho h a d  d o n e  m a jo r  re se a rc h  on  
h ig h -vo ltage  c o ro n a  e ffec ts  (see p. 158 above), h e a d e d  th e  la b o ra to ry , w hich 
was la te r  n a m e d  fo r  h im . In  1926 th e  lab o ra to ry  c o n c e n tra te d  on  th e  
cha rac te ris tic s  o f  a ir  as a h igh -vo ltage  in su la to r, oils as in su la to rs  in  tra n s 
fo rm e rs  a n d  sw itches, a n d  tran sm issio n -lin e  in su la to rs  a n d  in su la tio n  m a
te ria ls  w o rk in g  a t 2 2 0 ,000  volts a n d  u p w ard . A n o th e r  goal o f  th e  S ta n fo rd  
c e n te r  was to  s tu d y  th e  n a tu re  o f  lig h tn in g . A n a n te c e d e n t re sea rch  facility 
a t th e  u n ivers ity  h a d  b ro u g h t co llab o ra tio n  b e tw een  e n g in e e rs  f ro m  th e  
Pacific G as & E lectric  C o m p an y  a n d  th e  S o u th e rn  C alifo rn ia  E d ison  C o m 
pan y  a n d  facu lty  m em b ers  o f  S ta n fo rd ’s electrical e n g in e e r in g  d e p a r tm e n t  
in  re sea rch  a n d  ex p e rim e n ta tio n  th a t c u lm in a ted  in th e  d e v e lo p m e n t o f  
in su la to rs  fo r  th e  s ta te ’s 220 ,000 -vo ll transm ission  lines, o n e  fro m  th e  S ie r
ras  to  San F rancisco  a n d  th e  o th e r  fro m  th e  S ie rra s  to  Los A ngeles. By 
1929, g ra d u a te  s tu d e n ts  on  fellow ships also w ere en g a g e d  in th e  S ta n fo rd  
la b o ra to ry ’s p ro g ra m .21

O n e  o f  th e  w o rld ’s m ost h igh ly  public ized  h igh -vo ltage  lab o ra to rie s  was 
loca ted  at th e  S ch en ec tad y  p lan t o f  G en e ra l E lectric (w hich is n o t to  he

10 Boll, "Nationale iind internalionalc Vcrbundwirtschafl," p. 78.
*° Von Siemens, House of Siemens. 2: 105-11.
• 'T w o  information releases dated Stanford University, 17 September 1926. and a report 

on the laboratory's activities dated 15 February 1929, H arrisJ. Ryan Collection (SC 25, Misc. 
Box 4), S tanford University Archives, Stanford, Calir. I am indebted to Professor H ugh II. 
Skilling, form er executive head o f Stanford's Department of Electrical Engineering, for in
form ation about l la r r i s j .  Ryan and high-voltage research.
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e X III.7. High-voltage laboratory oj the Ohio Insulator Co. (Ohio Ihass Co.): Outdoor impulse gaps (lef t and right), test sertlon of 220-kilo- 
ansniLssion towers (left). Prom A. O. Austin, “A Laboratory for Making Lightning" (paper presented at the International High Tension Congies 
6 - /5  June 1929), p. 6.

c o n tu se d  w ith  th e  G e n e r a l  E le c tr ic  R e se a r c h  L a b o ra to r y ) . T h e  p u b lic ity  
p ro m o tin g  p o p u la r  c o n su m p tio n  o f  e lectricity  id en tifie d  th e  fa m o u s C h a rles 
S ie in m c iz  as th e  p re s id in g  g e n iu s  o f  th e  h ig h -v o lta g e  fa c ility , b ut F . W. 
P eek , J r . ,  c a r r ie d  o n  r e se a r c h  lh a i not o n ly  a ttr a c te d  th e  a tte n tio n  o f  in 
d u st r ia l a n d  a c a d e m ic  e n g in e e r s  b ut in f lu e n c e d  th e  d e s ig n  o f  G E ’s a p p a 
ra tu s  as  w ell (see  F ig . X I 1 1.8 ) . A s  a c a se  h is to ry . P e c k 's  r e se a r c h  sh e d s  light 
011 th e  h ig h -v o lta g e  e x p e r im e n t a t io n  that w as d o n e  fo r  r e g io n a l p o w er 
sy ste m s as w ell as th e  e v o lu tio n  th at h a d  ta k e n  p la c e  in th e  r e la tio n sh ip  
b etw een  sc ien c e  a n d  te c h n o lo g y  sin c e  th e e a r ly  y e a rs  o f  p o w e r  tran sm issio n  
(see  p p . 1 5 6 - 5 8  a b o v e) .

P e c k , lik e  R y a n , h a d  a t te n d e d  a u n iv e rs ity  th at in its e a r ly  y e a rs  w on 
re n o w n  fo r  its c o u rs e  in e le c tr ic a l e n g in e e r in g . H e  g ra d u a te d  fro m  S ta n fo r d  
w ith  an  A .U . in e n g in e e r in g  in 19 0 5 . T h e  h ig h ly  im p o rta n t d e v e lo p m e n ts  
in h ig h -v o lta g e  tra n sm is s io n  that w e re  th en  ta k in g  p la c e  in C a li fo r n ia , an d  
(h at u n d o u b te d ly  m a d e  a s t ro n g  im p re ss io n  o n  th e  y o u n g  stu d e n t , h e lp  
e x p la in  P e e k 's  c o m m itm e n t to th e  f ie ld . H is fo r m a l e d u c a tio n  w as com -
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Figure XIU.8. F. W. Peek, Jr. (far 
right, seated), with associates and visiting 
scientists at GE's Pittsfield works, 12 April 
1933. Courtesy o f the General Electric Co., 

Schenectady, N.Y.

p le te d  so m e  y e a r s  la te r  w h e n  h e  r e c e iv e d  th e M .E .E . fro m  U n io n  C o lle g e  
w h ile  w o rk in g  fo r  th e G e n e r a l  E le c tr ic  C o m p a n y  in S c h e n e c ta d y , N e w  Y o r k .

P e e k  jo in e d  G e n e r a l  E le c tr ic  in  19 0 5 ,  a n d  e v e n  th o u g h  th e  im p o rta n c e  
o f  e n g in e e r in g  r e se a r c h  o n  h ig h -v o lta g e  tra n sm iss io n  w as o n ly  b e g in n in g  
to b e  r e c o g n iz e d , h e  fo u n d  th e  m e a n s to  p u r s u e  his in te re st , r ig g in g  “ his 
f ir st  a p p a r a t u s  in  an  o ld  b o x  c a r  in  a r e m o te  c o r n e r  o f  th e  S c h e n e c ta d y  
p l a n t . . . e x p e r im e n t in g , re c o r d in g , s tu d y in g , a n d  r e b u i ld in g .”  In  19 0 9  h e  
w as o n e  o f  th e  fir s t  e n g in e e r s  to  jo in  C h a r le s  S te in m e tz ’s c o n su lt in g  e n 
g in e e r in g  d e p a r tm e n t  at S c h e n e c ta d y . It  a p p e a rs  th at h e  w as e n c o u ra g e d  
by  S te in m e tz  in th e  h ig h -v o lta g e  r e se a r c h , b u t w as n o t u n d e r  h is c lo se  
su p e r v is io n . A  G E  e n g in e e r , n o tin g  th e  d i f f ic u lty  o f  a s s ig n in g  c r e d it  w h en  
c lo se ly  a sso c ia te d  in v e s t ig a to rs  w o rk  s im u lta n e o u s ly  o n  s im ila r  p ro b le m s , 
re c e n t ly  o b se rv e d  th at P eek  w as an  in d e p e n d e n t  in v e s tig a to r  w h o  c a r r ie d  
o n  m u c h  in  h is o w n  w ay , “ w o rk e d  o u t his c irc u its  (im p u ls e  g e n e ra to r s )  
m o re  o r  le ss in d e p e n d e n t ly , a lth o u g h  it w o u ld  b e re a s o n a b le  to s u p p o se  
th at S le in m e tz , a s  h e a d  o f  th e  la b o ra to r y , w o u ld  b e in fo r m e d  as to th e  
w o rk  P eek  a n d  th e o th e r  m e m b e rs  o f  th e  la b o ra to ry  w e re  p e r fo r m in g  a n d  
th e  a p p a r a t u s  th at th e y  w e re  u s in g .22

P eek  g a in e d  a su b sta n tia l r e p u ta tio n  fo r  h is re se a rc h  o n  h ig h -v o lta g e  
p h e n o m e n a , e s p e c ia lly  th e c o ro n a  e f fe c t  a n d  lig h tn in g . T h e  sc ie n tific  c h a r-

”  W. W. Lewis t o j .  H. H agcngulh, 16 May 1968 (a Icllcr loaned to the au thor by Lewis). 
T he following pages on Peck are based in part on Thomas P. Hughes, "The Science T ech
nology Interaction: T he Case o f High-Voltage Power Transmission Systems." Technology and 
Culture 17 (1976): 65‘l-59.
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ac te r  o f  his re se a rc h  is a tte s te d  to  by his pu b lica tio n  o f  tw enty  scholarly  
p a p e rs  in  A IE E  Transactions be tw een  1911 a n d  1931. T h e  artic les, especially  
th e  se ries  o f  fo u r  p a p e rs  o n  “T h e  E ffec t o f  T ra n s ie n t  V o ltages on  D ielec
trics ,” s e riously  q u e s tio n  th e  d o u b tfu l p ro p o s itio n  th a t e n g in e e rs— a n d  Peek 
was em p lo y ed  as an  e n g in e e r  a n d  was so t itled — d o  n o t p ub lish . Peek  also 
w ro te  a book , w hich  is still u sed , e n tit le d  Dielectric Phenomena in High-Voltage  
Engineering .23

P eek ’s e d u c a tio n  a n d  p u b lica tio n s  su g g est th a t h is a p p ro a c h  to  en g i
n e e r in g  p ro b le m s was scien tific . H o w ev er, th e  p r im a ry  in f lu en ce  on  his 
cho ice  o f  p ro b le m s was n o t scien tific . F ro m  his e x p e rie n c e  Peek  believed 
th a t eco n o m ics— n o t science— called  th e  tech n o lo g ica l tu n e . T h e  increases 
in tran sm iss io n  vo ltages w e re  d ec id e d  u p o n , h e  w ro te , " p u re ly  fro m  the 
eco n o m ic  v iew p o in t.” T h e  rea l a n d  an tic ip a te d  d e m a n d  fo r  la rg e  am o u n ts  
o f  p o w e r at g r e a te r  d is tan ces  fro m  m a jo r  p o w er sites d ic ta te d  th e  striv ing  
fo r  h ig h e r  vo ltages, a n d  th e  h ig h e r  vo ltages b ro u g h t  th e  techno log ical 
p ro b le m s, such  as co ro n as. In  his ea rly  e n g in e e r in g  re se a rc h  P eek  focused  
on  th e  c o ro n a  p ro b le m  (see pp . 1 5 9 -6 0  above), b u t in  a b o u t 1913 h is in te re s t 
sh if te d  to  th e  e ffec ts  o f  l ig h tn in g  u p o n  h ig h -v o ltag e  tran sm iss io n  lines an d  
he c o n tin u e d  to  w o rk  in  th is fie ld  u n til his u n tim e ly  d e a th  in  an  au tom ob ile  
acc id en t o n  26  Ju ly  1933.

T h e  availab ility  o f  a scien tific  in s tru m e n t,  an  im p u lse  g e n e ra to r ,  was a 
m a jo r  rea so n  w hy P eek  sh if te d  his a tte n tio n  to  lig h tn in g  r a th e r  th an  to 
a n o th e r  re v e rse  sa lien t in th e  e x p a n d in g  h ig h -v o ltag e  tran sm iss io n  fro n t.24 
T h e  m a c h in e  was availab le  becau se  Peek  h a d  d e s ig n e d  a n d  c o n s tru c te d  a 
200 -k ilovo lt im p u lse  g e n e ra to r  to  in v estig a te  c o ro n a s .25 In  o r d e r  to  use the 
m ach in e  fo r  lig h tn in g  re se a rc h , he firs t d e te rm in e d  th e  vo ltage  a n d  wave 
fo rm  o f  rea l lig h tn in g  (inc lin a tio n  o f  w ave fro n t, tail, etc .). E stab lish ing  the  
ch a rac te ris tic s  o f  lig h tn in g  so th a t th e se  co u ld  be e x p re sse d  precisely , even 
q u an tita tiv e ly , was a re se a rc h  p ro jec t th a t w ou ld  ce rta in ly  h av e  b een  called 
science, even  n a tu ra l science, if  P eek 's m o tives h a d  n o t b een  ap p lica tion , 
o r  th e  so lu tio n  o f  a tech n o lo g ica l p ro b lem .

P eek ’s m o tives w e re  n o t th o se  o f  p u re  science, how ever. H is p rim ary  
rea so n  fo r  in v es tig a tin g  th e  n a tu re  o f  l ig h tn in g  was to  c re a te  p rec ise  sim 
u la tio n s o f  th e  v a rio u s fo rm s o f  it w ith  th e  im p u lse  g e n e ra to r . T h e s e  sim 
u la tio n s w ere  n e e d e d  to  test th e  v a rio u s  c o m p o n e n ts  o f  tran sm issio n  lines.

a ,T he  four lengthy papers, all titled as above, appeared in AIEE Transactions 34 (1915): 
1857-1909: 38 (1919): 1137-64; 42 (1923): 940-47; and 49 (1930): 1456-69. T he  book was 
published by McGraw-Hill in 1915.

’H It is also possible that Steinmctz and the company's m anagem ent influenced Peck's choice 
o f the lightning problem .

a iF. W. Peek, J r .. "Lighting. I," General Electric Review 32 (1929): 604; idem, "T he Effect 
o f T ransient Voltages on Dielectrics," AIEE Transactions 34 (1915): 1857; idem, “T he Effect 
o f T ransien t Voltages on Dielectrics. I ll ,"  ibid. 42 (1923): 940. W. W. Lewis, also a General 
Electric research engineer, writes that the 200-kv. transform er was used by Peek before he 
published his 1911 paper "Law o f Corona and the Dielectric Strength o f Air.” ibid. 30 (1911): 
1889-1988. According to Lewis, the "so-called impulse generator consisted o f the same 200- 
kv. transform er used in the corona tests" (W. W. Lewis to J . H. H agenguth, 16 May 1968). 
Ixwis's letter does not specify the modifications that look place as the 200-kv. testing trans
form er m etam orphosed into the “impulse generator,"  but Peek's dating the introduction of 
the impulse generator as "about 1913" ("Lightning. 1," p. 604) and Lewis's dating the first 
use of the transform er as 1911 suggest such modifications.
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D u rin g  tw o d ecad es  o f  l ig h tn in g  re sea rch , 1 913-33 , Peek inc rea sed  th e  
p o w er o f  his im p u lse  g e n e ra to rs  to  th e  o rd e r  o f  a m illion kilow atts in o rd e r  
to  a p p ro x im a te  “voltage a n d  o th e r  c o n d itio n s  [re su ltin g  fro m  lig h tn in g ] 
th a t usually  o ccu r  on  tran sm issio n  lines.20 As a resu lt, he tes ted  full-scale 
c o m p o n e n ts . Peek  also re lied  o n  th e  ac tion  o f  n a tu ra l lig h tn in g  o n  o p e ra tin g  
tran sm issio n  lines to  p ro v id e  d a ta , b u t th e  n a tu ra l ev en t was n o t as m a
n i p u l a t e  a tool as th e  m a n -m a d e  one.

In  1929 P eek  w ro te  w ith obvious satisfaction  th a t p ro g re ss  in o b ta in in g  
kno w led g e  o f  l ig h tn in g  h ad  been  so rap id  th a t “th e  subject m ay now  be 
said to  be on  an  e n g in e e r in g  basis," th e  in d ica tio n  o f  th is b e in g  th e  e x p re s 
sion  o f  l ig h tn in g  p h e n o m e n a  quan tita tiv e ly  in volts, am p e re s , a n d  u n its  o f 
t im e .27 F u r th e rm o re ,  Peek sta ted  th e  follow ing  g e n e ra l cha rac te ris tic s  o f 
l ig h tn in g : vo ltage, o n  th e  o rd e r  o f  100 m illion ; c u r re n t ,  o n  th e  o rd e r  o f
100,000 am p s; en e rg y , on  th e  o rd e r  o f  4 kw h.; po w er, on  th e  o rd e r  o f  a 
th o u sa n d  billion h .p .; tim e, on  th e  o rd e r  o f  a few  m icro seco n d s; g ra d ie n t 
a t b re a k d o w n , 100 k.v. p e r  foo l; a n d  th e  ch a rg e  fo rm e d  by th e  ac tion  o f  
a ir  c u r re n ts  on  r a in d ro p s .28 B eyond  th is a n d  o th e r  q u an tita tiv e  d a ta . Peek  
p ic tu re d  th e  w ave sh a p e  o f  lig h tn in g  on  a ca th o d e -ra y  oscilloscope, d e te r 
m in ed  th e  tim e  re q u ire d  fo r  a c loud  to  d isch a rg e , a n d  fo u n d  th e  a tte n u a tio n  
o f  lig h tn in g  waves trav e lin g  on  a transm ission  line .29

A rm e d  with in c reas in g  know ledge , Peek  m ad e  sub tle  a n d  p e rs is ten t e f 
fo rts  to  ap p ly  it. In  th e  app lica tio n , th e  sc ience-techno logy  re la tio n sh ip  is 
sta rk ly  rev ea led . Initia lly , in his A IE E  p a p e r  o f  1915, Peek  d iscussed  th e  
g e n e ra l effec ts  o f  tra n s ie n t vo ltages on  d ielectrics, lig h tn in g  b e in g  only  a 
special case o f  t ra n s ie n t vo ltages, a n d  in su la to rs  a n d  c o n d u c tin g  lines be in g  
special cases o f  cap ac ito rs  w ith a tm o sp h e ric  dielectrics. T h e  m a jo r fin d in g  
a n n o u n c e d  in  th is  p a p e r  was th a t th e  beh av io r o f  d ie lec trics w h en  sub jec ted  
to  c o n tin u o u s ly  a p p lie d  a lte rn a tin g  c u r re n t  d iffe re d  fro m  th e ir  b eh av io r 
w hen  e x p o sed  to  tra n s ie n t vo ltages, especially  ligh tn in g . H e  in tro d u c e d  th e  
te rm  impulse ratio, w hich  he  d e f in e d  as th e  ra tio  o f  th e  im p u lse  sp a rk o v e r  
vo ltage to  th e  c o n tin u o u s ly  ap p lied  sp a rk o v e r  vo ltage. Peek h ad  fo u n d  tha t 
s p a rk o v e r  across an  a ir  gap— o v er an  in su la to r fo r ex am p le— o c c u rre d  at 
a low er vo ltage fo r  th e  con tin u o u sly  ap p lied , o r  n o rm a l, h igh  voltage th an  
fo r th e  tra n s ie n t vo ltage wave. T h e  im p o rtan ce  o f  th is f in d in g — especially  
th e  values o f  th e  im p u lse  ra tio  th a t Peek d e te rm in e d  fo r  d if fe re n t t ra n s 
m ission -line c o m p o n e n ts— was obvious fo r th e  d e sign  e n g in e e r  a tte m p tin g  
to  p ro te c t th e  line aga in st tran sien ts .

W ith in  a few years o f  his d iscussion  o f  th e  laws g o v e rn in g  th e  ru p tu re  
o f  d ie lec trics  by tra n s ie n t a n d  n o n tra n s ie n t voltages, Peek a d d re sse d  the  
q u es tio n  o f  p rac tica l ap p lica tio n s .90 H is re sea rch  p e rm itte d  h im  to p ro v id e  
fo r  th e  d e sig n  e n g in e e r  fo rm u la s  a n d  tab les p re d ic tin g  th e  effec ts o f  lig h t
n in g  voltages o n  th e  lig h tn in g -a rre s te r  gaps, in su la to rs , a n d  bu sh in g s used  
in tran sm issio n  lines a n d  tra n s fo rm e rs . H is s im u la ted  lig h tn in g  h ad  p ro v ed

•"Peek, “T he Effect of T ransient Voltages on Dielectrics. III." p. 940.
’’ Peek, “Lightning. I," p. 002.
»"Ibid.
,BF. W. Peck, Jr .. “Lightning: Progress in Lightning Research in Field and Laboratory,” 

AIEE Trnnsacliotu 48 (1929): 436.
»»p. W. Peek, Jr ., “T he  Effect o f Transient Voltages on Dielectrics," ibid. 38 (1919): 1137-

56.
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lh a l th ese  co m p o n e n ts  w ou ld  fail (p e rm it sp a rk o v e r)  a t low er vo ltages with 
re g u la r  c u r re n ts  th a n  w ith tra n s ie n t vo ltages such  as l ig h tn in g . T h is  in 
fo rm a tio n  was especially  va luab le  to  d e s ig n e rs  o f  l ig h tn in g  a r re s te rs , fo r 
a n  a r r e s te r  th a t w ou ld  g ro u n d  d e s tru c tiv e  re g u la r  c u r re n ts  m ig h t fail to 
d o  so w ith tra n s ie n ts . P eek  p ro v id e d  d e ta ile d  in fo rm a tio n  on  a fasc ina ting  
varie ty  o f  c o m p o n e n ts , such  as d if fe re n t fo rm s  o f  p ro tec tiv e  l ig h tn in g  a r 
re s te rs  a n d  co m b in a tio n s  o f  fo rm s  invo lv ing  sp h e re s , p o in ts , a n d  ho rns. 
H e  fo u n d  lh a l “sp h e re s  d isc h a rg e  th e  very s te e p  w aves, th e  h o rn s  the 
m o d e ra te  ones, a n d  th e  p o in ts  c o n tin u o u s  h ig h -fre q u e n c y  waves, o f  s lan t
in g  f ro n t a n d  s ta tic .”31

Peek  also su p p lie d  d esig n  d a ta  fo r th e  g ra d in g  sh ie ld  fo r in su la to rs , 
tra n s fo rm e rs ,  a n d  tr a n s fo rm e r  in su la tio n . A sy n th esis  o f  his re sea rch  was 
th e  s ta te m e n t he m a d e  in 1929 on  l ig h tn in g -p ro o f  tran sm issio n  lines and  
th e  co o rd in a tio n  o f  line  a n d  t ra n s fo rm e r  in su la tio n .32 “A line o f  m o d e ra te  
h e ig h t,” h e  c o n c lu d e d , “p ro te c te d  w ith g ro u n d  w ires a n d  p ro p e rly  in su la ted  
[u sin g  his d a ta ], co u ld  usually  be m ad e  lig h tn in g  p ro o f  ag a in s t ind u ced  
vo ltages [ l ig h tn in g ] .” T h e  e n g in e e r ’s sen se  o f  b a lan ce  can  also be d isce rn ed  
in P eek 's re c o m m e n d a tio n  th a t in an  e n tire  tran sm iss io n  system  th e  tra n s 
fo rm e r  in su la tio n  sh o u ld  be s ligh tly  s t ro n g e r  th a n  th e  b u sh in g  flashover 
vo ltage, a n d  th a t th is vo ltage in tu rn  sh o u ld  be h ig h e r  th a n  th e  flashover 
vo ltage  o f  th e  line in su la to rs . “ It is obviously  n o t g o o d  e n g in e e r in g  to  m ake 
th e  t ra n s fo rm e r  (th e  m ost ex p en siv e) th e  w eakest link  in  th e  in su la to r 
c h a in ,"  h e  sa id .33

P eek ’s a r tic les  o n  h ig h -v o ltag e  tran sm iss io n  a n d  h is p a in s ta k in g  a n d  bold 
e x p e r im e n ta tio n  w ere  re sp o n ses  to  p ro b le m s th a t a ro se  as h igh -vo ltage  
tran sm issio n  evolved . T h e r e  is no  su b s tan tia l e v id en ce  th a t scien tific  d is
coveries s tim u la te d  e n g in e e rs  like Peek a n d  R yan  to  e m b a rk  o n  th e ir  in 
vestigations. T h e s e  m en  d e p e n d e d  u p o n  th e  c o rp u s  o f  science, b u t science 
was n o t an  im m e d ia te  cause  o f  th e ir  activity . H av in g  w o rk ed  fo r  large 
in d u s tr ia l c o rp o ra tio n s  lh a l w ere heavily  c o m m itte d  by in v es tm en ts  and  
c o m p e te n c e  to  th e  e x p a n s io n  o f  e lec tric  ligh t a n d  p o w er system s, especially  
h ig h -v o ltag e  tran sm iss io n , Peek was closely a ttu n e d  to  tech n o lo g ica l events. 
T h e  ev en ts  th a t p a r tic u la r ly  in te re s te d  h im  w ere  th o se  m a n ife s tin g  reverse  
sa lien ts  o n  e x p a n d in g  tech n o lo g ica l fro n ts .

T h e  w ork  th a t Peek acco m p lish ed  involved  a m e th o d  th a t sh o u ld  be 
called  scien tific . T h e  a u th o rit ie s  c ited  a n d  th e  perio d ica ls  fo r  w hich he 
w ro te  re p re s e n te d  o rg a n iz e d  kn o w led g e; h e  u sed  a n d  a tte m p te d  to  fo r
m u la te  g e n e ra l s ta te m e n ts  o r  laws; m a th cm a lic s  was an  analy tical tool and  
a la n g u a g e  fo r  h im ; h y p o th ese s  w ere  fo rm u la te d ; a n d  e x p e rim e n ts  w ere 
d e s ig n e d  fo r  th e  lab o ra to ry  o r  in n a tu re  to  lest th e se  hy p o th eses . S uch  an 
a p p ro a c h  is usually  labeled  scien tific.

T e c h n o lo g y  a n d  in s titu tio n s  such  as h ig h -v o ltag e  la b o ra to r ie s  te n d  to 
evolve to g e th e r . E d ison  a n d  his associates fo rm e d  a n  u rb a n  u tility  at abou t 
th e  sam e tim e  they  lau n c h e d  th e ir  re se a rc h -a n d -d e v e lo p m en l p ro g ra m  fo r 
d ev e lo p in g  an  e lec tric  lig h tin g  system . W hen  th e  un iv e rsa l su p p ly  system  
was in tro d u c e d , utilities m e ta m o rp h o se d  in to  light a n d  p o w er com pan ies ,

*' Ibid.. p. 1137.
’»Peek, “Lightning: Progress in Research." pp. 4-17-48.
”  Ibid.. p. 447.
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a n d  w hen  p o w er tran sm issio n  becam e feasible, new ly fo rm e d  po w er c o m 
pan ies  p re s id e d  o v e r its d e v e lo p m e n t. R egional p ow er system s also n e e d e d  
new  o rg an iza tio n a l s tru c tu re s . T h u s ,  in a d d itio n  to  h ig h -v o ltag e  la b o ra 
to ries, m u ltip u rp o se  co n su ltin g  e n g in e e r in g  firm s a n d  a new  g e n e ra tio n  
o f  h o ld in g  co m p an ie s  cam e in to  be ing . T h e  co n su ltin g  e n g in e e r in g  firm  
a n d  th e  h o ld in g  c o m p an y  d id  n o t su d d en ly  a p p e a r  in th e  1920s, fo r each  
h ad  a lo n g e r  h is to ry , b u t they  reach ed  fru itio n  th e n , as ev id en ced  by d if 
fe re n tia tio n  o f  fo rm  a n d  fun c tio n .

The g ro w th  o f  o rg an iza tio n s  tha t re la ted  system ically  to  reg io n a l p ow er 
tech n o lo g y  a d d e d  to  th e  m o m e n tu m  o f  th is te ch no logy . L arg e  n u m b e rs  of 
in v en to rs , en g in e e rs , w o rk e rs , scien tists, m an ag e rs , a n d  e n tr e p re n e u r s  w ith 
e x p e rt  kn o w led g e  o f, a n d  vested  in te re s t in , th e  tech n o lo g y  becam e  c o m 
m itted  to  its g ro w th . In  m any  cases th e  new  in s titu tio n s  m e rg e d  w ith th e  
u tilities to  fo rm  a su p ra sy s tcm  in c o rp o ra tin g  techno log ica l, business , a n d  
financial co m p o n e n ts . In  o th e r  cases, looser ties w ere fo rm e d , but th ese  
e n s u re d  th a t a h ig h -v o ltag e  re sea rch  la b o ra to ry , fo r  ex am p le , w ould  give 
p rio rity  to  th e  critical p ro b lem s o f a p a r tic u la r  u tility  o r  th a t a co n su ltin g  
e n g in e e r in g  firm  w ou ld  be re ta in e d  fo r  an  e x te n d e d  p e rio d .

H is to rian s  o f  science a n d  tech n o lo g y  have long  reco g n ized  th e  im p o r
tan ce  o f  re se a rc h  scien tists a n d  in d u s tr ia l lab o ra to rie s  in th e  evo lu tio n  o f  
e lec tric  su p p ly , b u t th e  ro le  o f  th e  co n su ltin g  e n g in e e r in g  firm  has usually  
b een  o v e rlo o k ed . T h e  c o n su ltin g  en g in e e rs  em e rg e d  in th e  1920s as e n 
t r e p re n e u r s  o f  reg io n a l system s, in te g ra tin g  th e  system s’ techn ical, eco 
nom ic, a n d  political fac to rs  a n d  p re s id in g  o v e r th e  g ro w th  process. E arlier, 
th e ir  fu n c tio n  h a d  b een  to  advise  u tilities a n d  o th e rs  w ho p u rc h a se d  elec
trical e q u ip m e n t a n d  co n s tru c te d  facilities. In  lim e, th e  m o re  successful 
c o n su ltin g  e n g in e e rs  es tab lish ed  firm s a n d  took  o v e r fo r som e u tilities 
re sp onsib ility  fo r  d e s ig n in g  a n d  c o n s tru c tin g  po w er p lan ts. T h is  was fa r 
m o re  econom ica l fo r  th e  u tilities th a n  m a in ta in in g  a p e rm a n e n t s ta f f  o f  
e x p e rts  on  la rg e -p la n t co n s tru c tio n . T h e  lead in g  co n su ltin g  en g in e e r in g  
firm s in G e rm a n y  a n d  E n g lan d — fo r ex am p le , th o se  o f  O sk a r  von M iller 
a n d  M erz Sc M cL ellan— also becam e involved  in adv ising  g o v e rn m e n t a u 
th o ritie s  on  e lec tric  su p p ly  m a tte rs  because  in these  co u n trie s , in co n tra s t 
to  th e  U n ited  S ta tes , g o v e rn m e n t-o w n e d  u tilities w ere co m m o n . In  th e  
U n ited  S lates, w h e re  g o v e rn m e n t was n o t a m a jo r sou rce  o f  fu n d s  fo r  the  
u tilities, co n su ltin g  e n g in e e r in g  firm s fo u n d  an  im p o rta n t ro le  in assisting  
th e ir  c lien ts w ith th e  p ro b lem s o f  financ ing . A n d  as such  ad v an tag es  o f  th e  
large-sca le  u tility  as eco n o m ies o f  scale in p u rch as in g  a n d  in su p p ly  becam e 
c lear, som e o f  th e  le ad in g  co n su ltin g  en g in e e r in g  firm s took  ov e r th e  m a n 
a g e m e n t o f  g ro u p s  o f  sm a lle r u tilities, th e reb y  passing  alo n g  to  th em  som e 
o f  th e  b en e fits  o f  large-scale  o p e ra tio n . Involved  in th e  d esign  a n d  co n 
s tru c tio n  o f  system s a d a p te d  to  local co n d itions, p ro v id in g  m an ag em en t, 
c lea rin g  away political obstacles a n d  lobbying  fo r  leg isla tion , a n d  o b ta in in g  
fin an c in g , th e  c o n su ltin g  en g in e e r in g  firm s w ere im pressive in th e  ro le  o f  
e n tr e p re n e u r s  p re s id in g  o v e r technological change . O fte n  th e ir  e n t r e p re 
n e u ria l re so u rces  w ere b ro u g h t to  b ea r  in p ro jects th a t in size rivaled  th e  
m a jo r railw ay p ro jec ts  o f  th e  la te  n in e te e n th  ce n tu ry .M

“ For instance, in 1854 a total of $10 million was invested in the W estern Railway or 
Massachusetts. In I860, at least $30 million was invested in the New York Central Railroad's
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T h e  f ir m  o f  O s k a r  v o n  M ille r  p re s id e d  o v e r  th e  p la n n in g  a n d  c o n stru c 
tion  o f  th e  W a lc h e n se e w e r k  a n d  th e  B a y e r n w e r k  in B a v a r ia , a n d  th e  M e rz  
8c M c L e lla n  f ir m  to o k  p a r t  in  th e  p la n n in g  o f  th e  B r it is h  G r id . S u b se q u e n t ly  
(see  p p . 4 4 3 - 6 0  b e lo w ), M e rz  &  M c L e lla n  to o k  re sp o n s ib il it y  fo r  th e  g ro w th  
o f  th e  N e w c a st le  u p o n  T y n e  E le c tr ic  S u p p ly  C o m p a n y  ( N E S C O ) , B r ita in ’s 
la r g e s t  p r iv a te ly  o w n e d  re g io n a l u tility . H e re , h o w e v e r , w e  w ill fo c u s  on  
th e h isto ry  o f  a f ir m — an  in s titu t io n — r a th e r  th a n  th e  h isto ry  o f  a p ro je c t. 
T h e  h isto ry  o f  th e  A m e r ic a n  f ir m  S to n e  8c W e b s te r  is o n e  o f  e v o lu t io n  an d  
d i f fe r e n t ia t io n  o f  fu n c t io n  a n d  is, t h e r e fo r e , an  e x a m p le  o f  o r g a n ic  g ro w th  
c o m p a ra b le  to  th at o f  th e  u tilitie s  it h e lp e d  to  d e s ig n , c o n str u c t , f in a n c e , 

a n d  m a n a g e .
C h a r le s  S lo n e  ( 1 8 6 7 - 1 9 4 1 )  a n d  E d w in  W e b s te r  ( 1 8 6 7 - 1 9 5 0 )  fo u n d e d  

th e  M a ss a c h u se tts  E le c tr ic a l E n g in e e r in g  C o m p a n y  o f  B o sto n  in 18 9 0 , on ly  

tw o  y e a r s  a f t e r  g ra d u a t in g  fr o m  th e  M a ss a c h u se tts  In s t itu te  o f  T e c h n o lo g y  
a n d  th e  in s titu te 's  n e w ly  e s ta b lish e d  c o u rs e  o f  s tu d y  in  e le c tr ic a l e n g in e e r 

in g . T h e  M a ss a c h u se tts  E le c tr ic a l E n g in e e r in g  C o m p a n y — th e  n a m e  w as 
c h a n g e d  to  S to n e  8c W e b s te r  in 1 8 9 3 — w as o n e  o f  th e  e a r lie s t  U .S . c o n 
s u lt in g  e le c tr ic a l e n g in e e r in g  f ir m s . It o f f e r e d  to  a d v ise  th o se  in te n d in g  to 
in v es t in th e  n ew  a n d  r a p id ly  d e v e lo p in g  f ie ld . It  w as r e a d y  to  d e sig n , 
e s tim a te , a n d  su p e r in te n d  c o n str u c t io n  o f  e le c tr ic  lig h t  a n d  p o w e r  p la n ts ; 
it w as a lso  p r e p a r e d  to  d e te r m in e  th e  e c o n o m y  a n d  e f f ic ie n c y  o f  e lec tr ica l 
e q u ip m e n t  in  its sm all te stin g  la b o ra to r y . In  a le t te r  to  p ro sp e c t iv e  c lien ts , 
s ig n e d  as a lw a y s  “ S to n e  8c W e b s te r ,"  th e  y o u n g  e n g in e e r s  p ro m ise d  to  b rin g  
to  b e a r  “ th e  sc ie n t if ic  k n o w le d g e  a n d  p ra c tic a l e x p e r ie n c e , b o th  o f  the 
c o m p a n y  a n d  o f  e x p e r ie n c e d  e n g in e e r s  in  a ll b ra n c h e s  o f  th e  p r o fe s s io n ." 35 
In  18 9 0 , o n  th e  r e c o m m e n d a t io n  o f  P re s id e n t  F r a n c is  A . W a lk e r  a n d  P ro 
fe s s o r  C h a r le s  C r o s s  o f  M . I .T . ,  th e  f irm  u n d e r t o o k  its f ir s t  m a jo r  p ro je c t: 
to d e s ig n  a n d  c o n str u c t  a 4 0 0 -h .p . h y d r o e le c tr ic  p la n t  a n d  a  sh o rt  tra n s
m iss io n  a n d  d is t r ib u t io n  sy stem  fo r  a N e w  E n g la n d  p a p e r  m ill.

T h e  p a n ic  o f  18 9 3  d e e p ly  in f lu e n c e d  th e  c h a r a c te r  o f  th e  f ir m . E a r lie r , 
d u r in g  th e  18 8 0 s , th e  e le c tr ic a l m a n u fa c tu r e r s , in c lu d in g  E d is o n , T h o m -  
s o n - H o u s lo n , a n d  W e st in g h o u se , lo o k  th e s e c u r it ie s  o f  th e  n e w ly  fo u n d e d  
u tilit ie s  as  p a y m e n t  fo r  e q u ip m e n t  a n d  r ig h ts  to  u se  th e  p a te n te d  corn-

physical assets, and by 1883 ilie toial investment in the company was close to S I50 million. 
By 1873 the Pennsylvania Railroad system represented an investment o f $400 million. These 
investments greatly impressed contem poraries and today impress historians studying the 
m anagers and financiers who were responsible for them. It should be noted, however, that 
the cost o f the Bayernwcrk, for which O skar von Miller's firm was consultant, was estimated 
to be 32 million marks, and that the cost o f the British G rid, for which Merz & McLellan and 
several o the r British firms served as design and construction consultants, was estimated to be 
£ 250 million. For the cosi ol the Bayeruwcrk, sec O skar von Miller, Bayemwerk tureinheitlichen 
Versorgung des rechtsrheinisclien Bayern mil Elektriiitat: Projekt Oskar von Miller. Februar 1918: 
Erlauterungsbericht (copy in the Deutsches Museum. Munich). For the cost o f  the Grid over a 
fifteen-year period, see Great Britain, Ministry of T ranspo rt. Report of Committee Appointed to 
Review the National Problem of the Supply of Electrical Energy (London: HMSO, 1926), p. 18. The 
inform ation on the railways is Dorn Alfred D. Chandler. J r .. and Stephen Salsbury, "The 
Railroads: Innovators in M odern Business Administration," in Bruce Mazlish, The Railroad 
and the Space Program (Cambridge, Mass.: M .l.T. Press, 1965), p. 129.

”  General letter headed "Dear Sir," I January  1890. in the files o f Slone ic W ebster, New 
York City (hereafter cited as S&W files). 1 am indebted to G. F. O verton for guidance in using 
these files and to the firm for permission to do so.
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p o n e n ts  o f  ih e  m a n u fa c tu re rs ’ system s. T h e  new  u tilities, m an y  o f  th em  in 
sm all tow ns, co u ld  se ld o m  p e rsu a d e  local investo rs  th a t th e ir  secu rities , 
especially  th e  c o m m o n  slocks, w ere rea so n ab le  risks. U n til th e  financial 
pan ic  o f  1893, th e  flaw s in  th e  a r ra n g e m e n t  be tw een  m a n u fa c tu re rs  a n d  
u tilities w ere  n o t fully  rev ea led . T h e  pan ic , how ever, c au sed  ban k s to  d e 
m a n d  p a y m e n t o n  loans m a d e  to  th e  m a n u fa c tu re rs , w ho fo u n d  it im p o s
sible to  ra ise  cash  to  m e e t th e  d e m a n d s  by m a rk e tin g  th e  utility  co m m o n  
stock they  h e ld .

U n d e r  th e  c ircu m stan ces, J .  P. M o rg an  a n d  o th e r  fin an c ie rs  in te re s te d  
in  th e  utilities, th e  loans, a n d  th e  stock re scu ed  G en e ra l E lectric , newly 
f o rm e d  by th e  m e rg e r  o f  E d ison  a n d  T h o m so n -H o u s to n , by p ay in g  cash 
fo r  th e  utility  slocks a n d  estab lish in g  a tru s t,  o r  synd ica te , to  m an ag e  or 
d isp o se  o f  th e  u tility  p ro p e r ly  a cq u ired . A t th is s tage, th e  recen tly  fo rm ed  
firm  S to n e  8c W eb s te r b ecam e involved . T h e  m a n a g e rs  o f  th e  syndicate , 
th e  S tre e t Railw ay 8c I llu m in a tin g  P ro p e rtie s  T ru s te e s , en g a g e d  th e  young  
p a r tn e rs ,  w ho h a d  ex ce llen t re fe re n c e s  in B o sto n ’s financ ia l a n d  en g i
n e e r in g  circles, to  a p p ra ise  th e  p ro p e r tie s  a cq u ired . As a re su lt, S to n e  a n d  
W eb ste r h a d  a re m a rk a b le  le a rn in g  e x p e rie n c e  th a t h e lp e d  d e f in e  th e  c h a r 
a c te r  o f  th e ir  c o m p an y .

T h ro u g h  analysis o f  th e  utilities, S to n e  8c W eb ste r o b ta in e d  a rich  sto re  
o f  in fo rm a tio n  a b o u t th e  u tility  in d u s try , g a in in g  insigh ts in to  its financial, 
m an ag e ria l, a n d  tech n o lo g ica l p ro b lem s. F u r th e rm o re ,  th ey  d ev e lo p ed  a 
k een  sense  o f  how  so m e  o f  th e  o u ts ta n d in g  p ro b lem s m ig h t be  solved. 
M any so lu tio n s w e re  o f  a g e n e ra l k in d , b e in g  ab s trac ted  fro m  co m m o n  
c ircu m stan ces in  th e  v a rio u s utilities. T h e y  also le a rn e d  o f  p rac tices  in o n e  
c o m p an y  th a t co u ld  be a p p lie d — o r  sh o u ld  be a v o id ed — in a n o th e r . T h e  
e x p e rie n c e  o f  S to n e  8c W eb s te r in 1893 m ig h t be c o m p a re d  to  th e  case 
h is to ry  a p p ro a c h  u sed  in  b usiness  schools.

N o t o n ly  was S to n e  8c W eb s te r’s e x p e rtise  as a co n su ltin g  en g in e e r in g  
firm  g rea tly  e n h a n c e d  by th is ex p e rie n c e , b u t th e  p a r tn e rs  invested  p ro f 
itably in  th e  u tilities  th ey  an a lyzed . A n an e c d o te  long  re m e m b e re d  a n d  
o f te n  to ld  a t S to n e  8c W eb ste r c o n ce rn s  o n e  p ro p e r ty  ex am in ed  d u r in g  th e  
p an ic  o f  1893.36 R eca lling  his visit to  th e  N ashville (T en n essee ) L igh t 8c 
P ow er C o m p a n y  to  ex a m in e  th a t p ro p e rly , C h arles  W eb ste r w rote:

After visiting Nashville and exam ining the property and making a report, I 
came to New York and Mr. J. P. Morgan, Sr. asked me to tell him what I 
thought o f the possibilities for the future development o f that and other en te r
prises. I was enthusiastic about them and told him that I thought, if the assets 
were carefully conserved and the property was wisely developed, it would result 
in a great property. . . .  He told me that, if I felt so confident about the future 
o f these things, he thought 1 ought to buy them .37

S lo n e  8c W eb ste r b o rro w ed  th e  m oney , b o u g h t co n tro l fo r  a few th o u sa n d  
do lla rs , " s tru g g le d  w ith it, m an ag ed  it, a n d  built it u p ” o v e r several years, 
a n d  so ld  it fo r  a p ro f it o f  o v e r $500 ,000 .

R eo rg an iz in g  u tilities fo r b an k e rs  a n d  o th e rs  led to  th e  f irm ’s acq u ir in g  
financial in te re s ts  in o th e r  u tilities a n d  to  its in d e p e n d e n tly  o f fe r in g  re-

59 An unpublished 6-page typescript, “M emorandum on ‘E ntrepreneur Business' o f  Stone 
Sc Webster," S&W files. This item was reputedly authored by Charles Slone.

37 Ibid.
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o rg an iza tio n  o r  c o n su ltin g  serv ices to  u tilities .38 O v e r  th e  n e x t d e c a d e  S lone 
8c W eb ste r d e v e lo p e d  a se t o f  in te r re la te d  serv ices a n d  in te re s ts . T h ese  
w ere  in s titu tio n a lized  in to  a  c o h e re n t  c o n c e p t a n d  s tru c tu re  th a t a n tic ip a ted  
hold ing -com pany  functions usually associated with th e  1920s. By 1906 Stone 
8c W eb s te r was p ro v id in g  c e n tra liz e d  m a n a g e m e n t, e n g in e e r in g , a n d  fi
n an c ia l serv ices to  tw en ty -e ig h t in d e p e n d e n t  p o w er, ligh t, gas, a n d  trac tion  
u tilities th ro u g h o u t  th e  U n ite d  S ta les. T h e  firm  h ad  financ ia l in te re s t in 
th e  slocks o f  th e  v a rio u s  c o m p an ie s , b u t each  co m p a n y  h a d  its ow n officers, 
b o a rd  o f  d ire c to rs , a n d  b an k  acco u n ts . T h e re fo re ,  S to n e  8c W eb s te r d id  
n o t fu n c tio n  as a h o ld in g  c o m p a n y  o r  tru s te e  fo r  th e  co m p an ie s . It d id , 
how ever, ex e rc ise  co n s id e ra b le  c o n tro l o v e r  th e  po lic ies o f  th e  com pan ies .

S to n e  & W eb s te r usua lly  n a m e d  its ex ecu tives  as m a n a g e rs  in ch a rg e  of 
th e  u tilities  it se rv iced . T h e s e  m a n a g e rs  re p o r te d  to  a S to n e  8c W ebster 
d is tric t m a n a g e r  a n d  to  a “s p o n s o r” in th e  B oston  office . T h e r e  w ere six 
sp o n so rs , a n d  to g e th e r  th ey  c o n s titu te d  th e  execu tiv e  co m m ittee  o f  S tone 
8c W eb ste r. C h a rle s  S lo n e  a n d  E dw in  W eb s te r d id  n o t s p o n so r  p a rticu la r 
u tilities, b u t p ro v id e d  a b ro a d  o v e rs ig h t o f  th e  e n tire  business . T h e y  called 
th em selv es  “th e  f irm .” U n til W o rld  W ar I, w h en  c ircu m stan ces  p laced  Stone 
in th e  N ew  Y ork  o ffice  a n d  W eb s te r in B oston , th ey  sat a t desks side by 
side , co n su lte d  each  o th e r  a t th e  e n d  o f  each  d ay  a b o u t d ec is ions m ade 
a n d  p e n d in g , a n d  s ig n ed  le tte rs  a n d  m e m o ra n d a  as “S lo n e  8c W eb s te r.”

B esides th e ir  line  fu n c tio n  in su p e rv is in g  th e  m a n a g e rs  in  th e  local u til
ities, th e  m e m b e rs  o f  th e  execu tiv e  c o m m itte e  h e a d e d  th e  s ta f f  d e p a rtm e n ts  
in th e  B o sto n  o ffice . T h e  p r in c ip a l d e p a r tm e n ts  w ere: e n g in e e r in g , p u r 
ch asin g , a u d itin g ,  c o rp o ra tio n ,  sta tistical, secu rities , a n d  lib ra ry . O f  these, 
S to n e  8c W eb s te r co n s id e re d  its statistical d e p a r tm e n t  “o n e  o f  th e  un iq u e , 
a n d  a t th e  sam e lim e  o n e  oT th e  m ost im p o r ta n t,  fe a tu re s  o f  th e  o rg a n i
z a tio n ."39 Each m o n th  th e  sta tistical d e p a r tm e n t  rece ived  tw o re p o r ts  from  
th e  m a n a g e d  co m p a n ie s . T h e  first co v e red  fin an ces, th e  seco n d  th e  o p 
e ra tin g  s ta tistics. W ith  th e se  th e  d e p a r tm e n t  an a ly zed  each  c o m p a n y ’s c o n 
d itio n . G ra p h s  a n d  tab les w ere  p re p a re d  th a t n o t on ly  fac ilita ted  th e  p ro 
je c tio n  o f  t r e n d s  b u t a lso  a llow ed c o m p a riso n s  o f  each  co m p a n y  with its 
p r io r  re c o rd  a n d  w ith o th e r  co m p an ie s . A m o n g  th e  m an y  statistical stud ies 
m a d e  o v e r  th e  years  was o n e  o n  th e  p e r fo rm a n c e  o f  s te a m -g e n e ra tin g  
p o w er p lan ts , a s tu d y  th a t re su lte d  in th e  in c rea sed  s tan d a rd iz a tio n  o f 
e q u ip m e n t a n d  o p e ra tio n s  as well as h ig h e r  e ffic iencies. In  ab o u t 1905 a 
c o m p a riso n  o f  p o w e r sta tio n  p e r fo rm a n c e  in m a n a g e d  co m p an ie s  revealed  
w ide v a ria tio n s in  p rac tice  a n d  p e r fo rm a n c e . As a re su lt, S to n e  8c W ebster 
a ss igned  e x p e r ie n c e d  o p e ra to rs  to  th e  p o w er p lan ts  fo r  a con sid e rab le  
len g th  o f  tim e . C o m b u s tio n  m e th o d s , m a in te n a n c e  sch ed u le s , a n d  o th e r  
o p e ra tio n s  w ere  ra tio n a lized , a n d  sav ings o f  1 0 -4 0  p e rcen t in o p e ra tin g  
costs w ere  ach iev ed  as a c o n seq u en ce .'10 T h e  statistics d e p a r tm e n t  was so 
c en tra l to  th e  S lo n e  8c W eb ste r system  th a t it h ad  g e n e ra l responsib ility  for

5" M em orandum  by Charles Slone on llie early history of Stone Sc Webster, 30 December 
1902, S&W files.

" ' 'T h e  Stone Sc Webster O rganization, and the Properties It Manages," Street Railway 
Journal, 7 July 1906; reprint in the S&W files.

♦""Historical Notes." prepared  in April 1930 by I.. B. Nash. S&W files.
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tra in in g  new m en  lo r  m an ag e ria l posts in th e  field a n d  fo r d e p a r tm e n ta l 
positions in th e  c en tra l o ffice.

T h e  e n g in e e r in g  d e p a r tm e n t  also kep t d e ta iled  reco rd s  a n d  d rew  on  
these  as it e n c o u ra g e d  s ta n d a rd iz a tio n  o f  th e  e q u ip m en t u sed  by th e  m a n 
ag ed  co m p an ies . S ince th e  reo rg an iza tio n  a n d  d e v e lo p m en t p lans d raw n  
u p  by th e  firm , th e  sp o n so rs , an d  th e  execu tive  co m m ittee  o f ten  called  fo r 
m o d e rn iz a tio n  a n d  ex p a n s io n  to  increase  th e  p ro fitab ility  o f  th e  various 
com p an ie s , th e  e n g in e e r in g  d e p a r tm e n t p re p a re d  p lans fo r re m o d e lin g  
p ow er houses  o r  lay ing  o u t new transm ission  a n d  d is tr ib u tio n  system s. 
C o n s tru c tio n  m ig h t be su p e rv ised  by th e  local co m p an y  fro m  B oston . S lone  
8c W ebste r, how ever, was d ev e lo p in g  its ow n co n s tru c tio n  facilities an d  
p e rso n n e l as well.

S to n e  & W ebste r also inc reased  th e  m arke tab ility  o f  its c lien ts’ securities. 
At a lim e  w hen  th e  e lec tric  light a n d  p o w er u tilities w ere rap id ly  ex p a n d in g , 
fin an c in g  th is cap ita l-in ten siv e  in d u s try  was a critical p ro b lem . T h e  sm all 
c o m p an y  fo u n d  th e  p ro b lem  especially  severe. If, how ever, it cou ld  iden tify  
w ith S lo n e  8c W ebste r, an  im m ed ia te  ad v an tag e  fo llow ed; fu r th e rm o re ,  the  
S tone  8c W ebste r secu rities  d e p a r tm e n t  acted  as fiscal re p re se n ta tiv e  o f  the  
m an ag ed  c o m p an ie s  by p lac ing  th e ir  securities. (Som e o f  th e  secu rities  w ere 
p u rc h a se d  by S lo n e  & W ebste r, p robab ly  som e in p a y m en t fo r services.) 
F o r m any  years th e  firm  h ad  re lied  heavily  u p o n  Lee, H ig g in so n  8c C o m 
pan y  o f  B oston  in m a rk e tin g  th e  secu rities, so m u ch  so tha t th e re  was 
c o n c e rn  th a t th e  firm  w ou ld  sim ply  be th o u g h t o f  as e n g in e e r in g  co n su ltan ts  
fo r th e  B oston  b ro k e ra g e  h ouse . O v e r  tim e, how ever. S to n e  8c W ebster 
increasing ly  p laced  secu rities  in d ep e n d e n tly . T h e  “black boo k ” c o n tr ib u te d  
to  th is ob jective. B eg u n  in 1902 a n d  c o n tin u e d  un til 1929, th is a n n u a l rep o rt 
cov e red  th e  o p e ra tio n s  o f  co m p an ie s  u n d e r  S tone  8c W eb ste r’s superv ision . 
T h e  "b lack  b o o k ” c o n ta in e d  a co n d e n se d  s ta tem en t o f  o u ts ta n d in g  secu 
rities, ra te  o f  d iv id e n d , ea rn in g s , a n d  o th e r  financial in fo rm a tio n . T h e  
e stab lish m en t o f  a pub lic ity  d e p a r tm e n t in 1903 also en h a n c e d  th e  r e p u 
ta tio n  o f  th e  m a n a g e d  co m p an ies .

The lib ra ry  d e p a r tm e n t  was n o t w ithou t an  im p o rta n t ro le  in th e  o r 
g an iza tio n  as well. B esides s to r in g  a n d  re triev in g  a g reem en ts , con trac ts , 
re p o rts ,  a n d  sim ila r m ateria l, it p re p a re d  “c u r re n t l i te ra tu re  shee ts"  by 
a b s tra c tin g  a rtic les  in th e  techn ical a n d  business l i te ra tu re  th a t w ere o f  
special in te re s t  to  S to n e  8c W eb ste r p e rso n n e l. "T h is  serv ice is no t in te n d e d  
to  lake  th e  p lace o r  p e rso n a l re a d in g  o f  th e  c u r re n t l i te ra tu re  on  th e  p a rt 
o f  in d iv id u a ls ,” how ever, a co n te m p o ra ry  c a u tio n e d .41 It was no t p re 
su m p tu o u s  o f  th e  l ib ra rian  to  ex p ec t th e  p e rso n n e l to  keep  ab rea st o f  the 
l i te ra tu re , fo r by 1912 alm ost h a lf  o f t  he  firm 's  600  officials a n d  em ployees 
w ere  co llege g ra d u a te s , a n d  o f  these, close to  100 cam e from  th e  M assa
ch u se tts  In s ti tu te  o f  T ech n o lo g y  a n d  50 cam e from  H arv a rd  U niversity .

S to n e  8c W ebste r d e p a r tm e n ts  m e tam o rp h o sed  in to  S tone  & W ebste r 
su b sid ia rie s .42 In  1906 th e  e n g in e e r in g  d e p a rtm e n t in c o rp o ra te d  u n d e r

"T he Slone & W ebster O rganization." p. 13.
«*The following description of the Stone »c Webster organization is based on a reprint in 

pam phlet form o f an article p repared by Electrical World for distribution at the National 
Electric Light Association convention in Seattle. Wash.. 11- M June 1912; a ropy of the reprint 
is in the S&W files.
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th e  n a m e  o f  th e  S lo n e  8c W eb s te r E n g in e e r in g  C o rp o ra tio n . In  1907 the 
m a n a g e m e n t fu n c tio n  p e r fo rm e d  by th e  ex ecu tive  com m ittee , sponso rs , 
a n d  vario u s d e p a r tm e n ts  coa lesced  in to  th e  S lo n e  8c W eb ste r M an ag em en t 
A ssociation, a co rp o ra te  organ iza tion . T h e  E ng ineering  C o rp o ra tio n  broadly 
e x te n d e d  its ra n g e  o f  activ ities. A m o n g  its w orks d u r in g  its f irst d ecad e  
w ere th e  ex p a n s io n  o f  th e  B oston  E leva ted  R ailway C o m p an y ; th e  design  
an d  co n s tru c tio n  o f  th e  d a m , p o w e r h o u se , a n d  tran sm issio n  lines o f  th e  
M ississippi R iver P ow er C o m p a n y  a t K eokuk , Iow a, o n e  o f  th e  w o rld ’s 
la rg est h y d ro e le c tr ic  in sta lla tio n s; a n d  th e  B ig C re e k - to -L o s  A ngeles tra n s 
m ission  system . T h e  firm  also  d es ig n e d  th e  C o n o w in g o  h y d ro e lec tric  p ro j
ect. T h e  secu ritie s  d e p a r tm e n t  o f  S to n e  8c W eb s te r m e rg e d  w ith th e  in 
v es tm en t b a n k in g  h o u se  o f  B lo d g e t 8c C o m p a n y  a n d  look  c o rp o ra te  fo rm  
as S to n e  8c W eb s te r a n d  B lodge l, Inc. By th e  eve o f  W o rld  W ar I, th e  
overa ll o rg a n iz a tio n  o f  S to n e  8c W eb ste r, w ith its su b sid ia rie s  a n d  m an ag ed  
co m p a n ie s , h a d  beco m e  a syslem  o f  m u tu a lly  re in fo rc in g  co m p o n en ts . (See 
Fig. X I 11.11.) It was e n tire ly  a p p ro p r ia te  th a t th e  o rg a n iz a tio n  to o k  as its 
sym bol th e  tr isk e lio n  d e s ig n e d  by th e  o r ig in a l p a r tn e rs . T h e  sign , w ith its 
th re e  a rm s  en c lo sed  in a tr ia n g le , re p re s e n te d  th e  in te rc o n n e c tio n  o f  fi
n an c in g . e n g in e e r in g , a n d  c o n s tru c tio n .

D esp ite  th e  p ro life ra tio n  o f  u tility  h o ld in g  c o m p an ie s , S to n e  8c W ebster, 
w hile  p e r fo rm in g  m ost o f  th e  fu n c tio n s  o f  a h o ld in g  co m p an y , d e lay ed  its 
ow n tra n s fo rm a tio n .  T h e  firs t s te p  to w ard  b eco m in g  a h o ld in g  com pany  
was ta k e n  in 1925 w h en  it p a r tic ip a te d  in  th e  fo rm a tio n  a n d  fin an c in g  o f  
th e  E n g in e e rs  Public  S erv ice C o rp o ra tio n ,  w hich  a c q u ire d  co n tro l o f  the 
V irg in ia  Railw ay & P ow er C o m p a n y  (la te r V irg in ia  E lectric  8c P ow er C o m 
pany) a n d  a b o u t tw en ty  o th e r  u tilities rece iv in g  m a n a g e m e n t serv ices from  
S to n e  8c W eb ste r. T h e  new  h o ld in g  co m p a n y  p e r fo rm e d  th e  serv ices S lone 
& W eb ste r h a d  fo rm e rly  p ro v id e d  fo r  th e  acq u ire d  co m p an ie s . A com pany  
o ff ic e r  e x p la in e d  th e  re so rt to  th e  h o ld in g  co m p a n y  fo rm  as a way o f  
av o id in g  a b so rp tio n  o f  th e  m a n a g e d  c o m p an ie s  by o th e r  rap id ly  sp re a d in g  
h o ld in g  co m p an ie s . In  1929 S to n e  8c W eb s te r b ecam e S to n e  8c W ebster, 
Inc ., o f  D elaw are , a h o ld in g  c o m p a n y  fo r  th e  S to n e  & W eb s te r g ro u p . By 
an  ex c h a n g e  o f  s tock , it a cq u ire d  90  p e rc e n t o f  E n g in ee rs  Public Service 
C o rp o ra tio n , w hich by 1933 h a d  in v ested  $9 5 ,1 1 6 ,6 7 5  in  six m a jo r  g ro u p s  
o f  ligh t, p o w er, a n d  s tre e t ra ilw ay  c o m p an ie s  in fo u r te e n  sta tes. S tone  8c 
W eb ste r, In c ., a lso h e ld  th e  S ie rra  Pacific E lectric  C o m p an y , a n o th e r  su b 
h o ld in g  co m p an y . In  a g g re g a te , th e  S to n e  8c W eb ste r g ro u p  by 1932 con 
sisted  o f  fo r ty - th re e  c o m p an ie s . In  a d d itio n , it c o n tin u e d  to  m an ag e  com 
pan ie s  o u ts id e  th e  g ro u p .  T h e  g ro u p  g e n e ra te d  a little  m o re  th a n  2 pe rcen t 
o f  th e  e lec tric ity  su p p lie d  by u tilities  in th e  U n ited  S tates.'13

T h e  tra n s fo rm a tio n  o f  S to n e  8c W eb ste r in to  a h o ld in g  c o m p an y  was 
p a r t  o f  a t r e n d  in th e  e lec tric  su p p ly  in d u s try , a n d  th e  co n su ltin g  en g i
n e e r in g  firm  was b u t o n e  n u c leu s  a ro u n d  w hich  a h o ld in g  co m p an y  could  
fo rm . E ven tu a l tra n s fo rm a tio n  in to  a h o ld in g  co m p an y  was no  m o re  fo re 
seen  by fo u n d e rs  o f  m an y  o f  th e  o th e r  p re d e c e sso r  o rg an iza tio n s  th an  it

4’ U.S.. Federal T rade  Commission, Utility Corporations (S. Doc. 92. 70lh Cong., 1st sess.. 
1928), Pari 66. (W ashington. D C.: GPO. 1934), pp. 564. 565, 661-63; idem, Electric Power 
Industry: Control o f Power Companies. 69th Cong., 2d sess.. 1927. S. Doc. 213, pp. xxxiii. 177- 
87 (hereafter cited as S. Doc. 213 (19271).
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was by C h a rle s  S to n e  a n d  E dw in  W ebste r. In  th e  1920s, h o ld in g  c om p an ie s  
d o m in a te d  th e  p riv a te ly  o w n ed  e lec tric  u tility  in d u s try . T h e y  grew  as the  
size o f  all u tilities  in c re a se d .44 In  1914 e igh ty-five u tility  c o rp o ra tio n s—  
som e o f  th e m  h o ld in g  c o m p an ie s— c o n tro lled  ab o u t 70  p e rc e n t o f  th e  total 
in sta lled  capac ity  o f  th e  e n tire  pub lic  e lec tric  u tility  in d u s try ; o f  these  c o r
p o ra tio n s , th irty -fiv e  c o n tro lle d  o n e -h a lf  o f  th is to ta l, six teen  c o n tro lled  
o n e - th ird , a n d  te n  c o n tro lle d  o n e - fo u r th .45 By 1924, hav in g  su p e rim p o se d  
them selves  o n  th e  la rg e— a n d  sm all— utilities, th e  la rg e  co m p an ie s  th a t 
d o m in a te d  th e  utility  in d u s try  h a d  becom e h o ld in g  co m p an ie s  (see Fig. 
X II I .  12). In  th a t year, h o ld in g  co m p an ie s  c o n tro lled  tw o -th ird s  o f  th e  gen-

44 Statistics on the growth o f U.S. electric utilities are  contained in various government 
agency reports. O ne 1911 survey was limited to hydroelectric installations. T he information 
for 1911 was published in U.S.. Bureau of Corporations (predecessor to the Federal T rade  
Commission), Water Power Development in the United States (Washington, D.C.: GPO, 1912). On 
the state o f the industry in 1914, see U.S., Department o f A griculture, Forestry Service, 
Electric Power Development in the United Stales, 64lh Cong., 1st sess., 1916, S. Doc. 316. On the 
status o f  holding companies in 1924. sec S. Doc. 213 ( 1927), which became, in efTect, the first 
volume of U.S., Federal T  rade Commission, Electric Power Industry: Supply of Electrical Equipment 
and Competitive Conditions, 70th Cong., 1st sess., 1928, S. Doc. 46. a history o f the electrical 
m anufacturers. For data on holding-coinpany activities in 1932, see U.S.. Federal T rade  
Commission. Utility Corporations (S. Doc. 92. 70th Cong., 1st scss., 1928) (Washington. D.C.: 
GPO, 1928-35). This m ultipart and mullivolume study has two summ ary volumes, one on 
utility propaganda and publicity (Pan 7 1 A) and the other on holding companies in general 
(Part 72A). An index for the 95-volume study is given in Paru 81A and 84D. An aperfu 
summ ary o f the state o f large corporations and holding companies in the electric utility field 
can be found in Part 72A, pp. 34-37.

45 Forestry Service, Electric Power Development, quoted in Federal T rade  Commission, Utility 
Corporations, Part 72A (1935), p. 35.
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Figure X III.12. Fields of operation (counties) of major U.S. electric utility holding companies, 1925. From U.S., Federal Trade Commission, 
Utility Corporations, Fart 72A, p. 56.

e r a l in g  c a p a c ity  o f  th e  in d u s try ; se v e n  h o ld in g - c o m p a n y  g r o u p s  c o n tro lle d  
4 0  p e r c e n t , a n d  o th e r  h o ld in g  c o m p a n ie s  c o n tr o lle d  2 5  p e r c e n t . W ith  1 3  
p e r c e n t , th e  h o ld in g  c o m p a n y  fo r m e d  b y  G e n e r a l  E le c tr ic , E le c tr ic  B o n d  
&  S h a r e  C o m p a n y , ra n k e d  as  th e  la r g e s t ; th e  In su ll g r o u p , M id d le  W est 
U t ilit ie s  C o m p a n y , h e ld  b e tw e e n  8 a n d  9 p e r c e n t . F o r  a n atio n  lo n g  w a rn e d  
to  b e  w a ry  o f  t ru s ts  a n d  m o n o p o lie s , th ese  w e r e  p ro v o c a t iv e  statist ics . B e 
tw een  19 2 4  a n d  1 9 3 2  th e  G e n e r a l  E le c tr ic  g r o u p  w as re o r g a n iz e d  an d  a 
n ew  g ia n t , th e  U n ite d  C o r p o r a t io n , w as fo r m e d . H o ld in g -c o m p a n y  d o m 
in a tio n  p e r s is te d , w ith  s ix te e n  la r g e  h o ld in g - c o m p a n y  g r o u p s  c o n tro ll in g  
m o re  th an  th r e e - fo u r th s  o f  th e  p r iv a te ly  o w n e d  in d u s try . F o r  all h o ld in g  
c o m p a n ie s , th e  e x te n t  o f  c o n tr o l w as o v e r  7 8  p e r c e n t .* 0

B e c a u se  o f  a se r ie s  o f  g o v e rn m e n t  stu d ie s  in  th e  U n ite d  S ta le s , th e  a d 
v e rse  p u b lic ity  g iv e n  th e h o ld in g  c o m p a n ie s  by a d v o c a te s  o f  g o v e rn m e n t  
o w n e rs h ip , a n d  th e  n o to r ie ty  s u r r o u n d in g  th e  In su ll h o ld in g  c o m p a n y  a l te r 
its f in a n c ia l c o lla p s e  in 1 9 3 2  a n d  a f t e r  its f o u n d e r s  w e re  tr ie d  fo r  m a il f ra u d  
in 19 3 4 ,  h o ld in g  c o m p a n ie s  b e c a m e  a m u c h -d isc u ss e d  a n d  m isu n d e rs to o d

<0 Federal T rade  Commission. Utility Corporations. Pari 72A. p. 37.
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aspec t o f  th e  elec tric  u tility  in d u s try .47 T h e  m o u n tin g  ten sio n  c u lm in a te d  
in 1935 w ith passage  o f  th e  Public U tility  H o ld in g  C o m p an y  Act.

T h e re  was m isu n d e rs ta n d in g  a b o u t th e  o rig in s  a n d  fu n c tio n  o f  th e  e lec
tric-u tility  h o ld in g  co m p an ies . P ro p o n e n ts  a n d  o p p o n e n ts  d e b a te d  th e  a d 
van tages a n d  d isad v an tag es  o f  th e  h o ld in g  co m p an y  fo r th e  co n su m er. 
B ecause th e  h o ld in g  co m p an ie s  cam e to  public  a tte n tio n  a i a lim e  w hen  
in v estm en t in  stocks in  g e n e ra l a n d  in u tility  stocks in  p a r tic u la r  was m o u n t
ing , th e  pub lic  o f te n  saw th e  h o ld in g  co m p an y  as th e  c re a tu re  o f  b an k e rs  
a n d  stock  b ro k e rs , n o t o f  en g in e e rs  a n d  m an ag e rs . F u r th e rm o re ,  th e  public  
assoc ia ted  th e  la rg e  h o ld in g  co m p an ie s  a n d  tru s ts  o f  th e  p ast w ith financial 
w izard ry  o r  sk u ld u g g e ry . T h e  techno log ica l o rig in s  a n d  fu n c tio n s  o f  h o ld 
ing  co m p an ie s  w ere  fa r  less sensa tiona l a n d  th u s  w ere n o t d iscussed  o r 
u n d e rs to o d .

C o n tra ry  to  p o p u la r  o p in io n , th e  o rig in s  a n d  d e v e lo p m e n t o f  several 
le ad in g  e lec tric -u tility  h o ld in g  com p an ie s  a re  to  be fo u n d  ro o te d  m o re  
d eep ly  in tech n o lo g y  a n d  m a n a g e m e n t h is to ry  th a n  in finance . C ap ita l 
fo rm a tio n  was th e  m a jo r p ro b lem  o f  th e  la rg e  u tilities to  w hich th e  h o ld in g  
com p an ie s  r e sp o n d e d  in th e  1920s, b u t th is n eed  fo r  cap ita l a ro se  from  
the  concen tra tion  o f  large-scale technology. Engineers an d  technically tra ined  
m an ag e rs  d o m in a te d  th e  ea rly  h is to ry  o f  m a jo r h o ld in g  com p an ie s . S. Z. 
M itchell o f  E lectric  B o n d  & S h a re , C h a rle s  S lo n e  a n d  E dw in  W ebste r, H . 
M. B yllesby o f  H . M. B yllesby 8c C o m p an y , a n d  S am uel In su ll all w ere  
tra in e d  as e n g in e e rs  o r  h a d  ex tensive  ex p e rie n c e  in e n g in e e r in g  a n d  m a n 
a g e m e n t b e fo re  h e a d in g  h o ld in g  co m p an ies . In  th e ir  m an a g e m e n t o f  th e  
h o ld in g  c o m p an ie s , th e se  m en  insisted  o n  th e  in tro d u c tio n  o f  system s tech 
nology  a n d  m a n a g e m e n t. In  o rd e r  to  in tro d u c e  cap ita l-in tensive  a n d  large- 
scale reg io n a l tech n o lo g y , how ever, th ey  h ad  to  f ind  ways to  Finance la rge- 
scale in v estm en ts .

T h e  m a jo r  h o ld in g  co m p an ie s  g rew  la rg e  by se rv in g  a n d  p re s id in g  over 
th e  m e rg e r  o f  sm all utilities. As has b een  seen , th e  u rb a n  u tility  co n so lid a ted  
a n d  sp re a d  o u t o v e r  th e  la rg e  cities u n til it p reva iled  as a re g u la te d  m o
n opo ly . F ro m  th is  activity  m any  econom ies a n d  ra tio n a l s tru c tu re s  p leasing  
to  th e  e n g in e e r , th e  m a n a g e r , th e  investo r— a n d  o f te n  to  th e  c o n su m e r— 
e m e rg e d . U n til th e  ad v e n t o f  e ffic ien t, h igh -vo ltage  transm ission  a n d  w ater 
a n d  s team  tu rb in e s , th e  sm all cities, tow ns, a n d  ru ra l a rea s  w ere su p p lie d — 
if  a t all— by u tilities lack ing  th e  ad v an tag es  o f  large-scale , cen tra lized  tech 
nology , m a n a g e m e n t, a n d  f inanc ing . T h e ir  re latively in ex p e rien ced  an d  
u n tra in e d  m a n a g e rs  a n d  e n g in e e rs  u sed  th e  less ad v an ced  techno logy , fo r 
in  th e  U n ite d  S tates, m a n u fa c tu re rs  invested  th e ir  in te llectual a n d  physical 
re so u rces  in  la rge-scale  ch a llen g es.48 W ith th e  ad v en t o f  tu rb in e s  a n d  h igh- 
vo ltage tran sm issio n , how ever, it becam e possible fo r reg iona l system s to  
in te g ra te  sm all co m m u n itie s  a n d  supp ly  som e o f  th e  ru ra l a reas. T h e  h o ld 
ing  co m p an ie s  th e n  p ro v id ed  these  system s with cen tra lized  en g in ee r in g ,

•7 On the history o f Insult's holding companies, see Forrest McDonald, Insull (Chicago: 
University o f  Chicago Press, 1962), pp. 237 ff.

•"T his impression needs to be examined through research into the policy and product or 
the major m anufacturers. U nfortunately, Harold C. Passer's Electrical Manufacturers (Cam
bridge, Mass.: H arvard University Press. 1953) carr ies the history o f U.S. m anufaciurers only 
■o 1900.
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m an ag em en t, a n d  fin an c in g .'19 T h e  h o ld in g  c o m p a n ie s  e ith e r  m erged  the 
u tilities o r  o rg an ized  th e  sm all u tilities  in to  c o n fe d e ra tio n s  re la ted  by phys
ical o r  financial in te rc o n n e c tio n s . A g o v e rn m e n t r e p o r t  c o n c lu d ed  that the 
h o ld in g  c o m p an y 's  fin an c in g , e n g in e e r in g ,  a n d  m a n a g e m e n t o f  utilities 
se rv in g  sm all c o m m u n itie s  was p ro b ab ly  th e  c h ie f  b e n e fit to  be derived 
from  th is o rg an iza tio n a l c o n c e p t.50

W ith  th e  o n s lau g h t o f  th e  D ep re ss io n , th e  d r o p  in  ho ld in g -co m p an y  stock 
values, a n d  th e  sp re a d  o f  d issa tisfac tio n  a m o n g  in v esto rs  in h o ld ing  com
pan ies. h ow ever, d o u b ts  in c rea sed  a b o u t th e  ad v a n ta g e s  o f  th e  electric- 
utility  h o ld in g  c o m p an y . E n su in g  g o v e rn m e n t in v estig a tio n s an d  reports 
he lp ed  d e f in e  th e  fu n c tio n s  o f  th e  c o m p a n ie s  as tech n o lo g ica l, m anagerial, 
an d  financial, b u t abuses  w ere  fo u n d  in  th e  f in an c ia l activ ities.51 T h e  p rin 
cipal ben e fit a cc ru in g  to  th e  o p e ra t in g  c o m p a n ie s  a n d  to  co n su m ers , if the 
service was no t ab u sed , was, in th e  o p in io n  o f  th e  F ed e ra l T ra d e  Com 
m ission, th e  h o ld in g  c o m p a n y ’s f in a n c in g  o f  th e  g ro w th  a n d  im provem ent 
o f  sm all, u n d ev e lo p e d  o p e ra t in g  utilities. A lso view ed positively was the 
h o ld in g  co m p a n y ’s ro le  in fac ilita ting  in te rc o n n e c tio n  a n d  large-scale ou t
pu t. T h e  h o ld in g  co m p an y  p ro v id e d  th e  sm all o p e ra t in g  co m p an y  with the 
e x p e rts ' so lu tio n s to  th e  p ro b lem s o f  g e n e ra tio n ,  tran sm iss io n , d istribu tion , 
an d  u tiliza tion  o f  electric ity . M o reo v e r, u n d e r  th e  aeg is o f  th e  holding 
co m p an y , "serv ice was im p ro v ed  a n d  e x te n d e d ,  co n su m p tio n  increased, 
a n d  costs o f  p ro d u c tio n  w ere re d u c e d  w ith  a c o n se q u e n t possibility  of, and 
te n d en cy  to w ard , low er ra le s , n o tw ith s ta n d in g  acco m p an y in g  financial 
p rac tices w hich  h ad  an  o p p o s ite  te n d e n c y  as to  ra te s .”52

In  th e  o p in io n  o f  th e  F ed e ra l T r a d e  C o m m issio n , th e  list o f  practices 
th a t “h ad  an  o p p o s ite  te n d e n c y ” was lo n g : th e  p y ra m id  o f  u tilities form ed 
by th e  h ie ra rch ica l h o ld in g -co m p an y  s t ru c tu re  o f te n  involved  th e  issuing 
o f  excessively sp ecu la tive  secu ritie s ; th e  h o ld in g  c o m p a n y  o f te n  charged 
excessive fees fo r co n su ltin g  serv ices; th e  w ritin g  u p  o f  th e  values o f  utility 
secu rities  o f te n  p laced  p re s su re  o n  th e  u tilities  to  c h a rg e  h ig h  ra tes  to  obtain 
a p ro fitab le  r e tu rn ;  by m ean s o f  s e c u rity -m a rk e t m an ip u la tio n , utility se
cu rities  w ere sold to  th e  p ub lic  a t h igh ly  in f la te d  values; th e  organizational 
a n d  financial s t ru c tu re  o f  th e  h o ld in g  c o m p a n y  fre q u e n tly  p e rm itted  a few 
m en  w ith a sm all in v es tm en t to  g a in  p rac tica l c o n tro l o f  im m ense  opera
tions; a n d  in te rs ta te  co n trac ts , o p e ra tio n s , a n d  o th e r  re la tio n sh ip s made 
d ifficu lt th e  co n tro l o f  h o ld in g  co m p a n ie s  by s ta te  re g u la to ry  com m issions. 
Like so m any  o th e r  co m p lex  o rg a n iz a tio n s , h o w ev er, th e  h o ld in g  com pany 
c a n n o t be ad eq u a te ly  d e f in e d  by a b s tra c tio n s  o r  c a teg o rie s  o f  advantages 
a n d  d isad v an tag es. T h e  h is to ry  o f  severa l o f  th e m  will revea l som e o f the 
com plex ities  a n d  irreg u la r it ie s  o f  th is o rg a n iz a tio n a l co n s tru c t.  In  the  fol
low ing  section  we will c o n s id e r  th e  E lectric  B o n d  & S h a re  C om pany, a 
h o ld in g  c o m p an y  estab lish ed  by a m a n u fa c tu re r ,  a n d  th e  U n ited  Corpo-

♦" Federal T rade  Commission. Utility Corporations, Pari 72A. p. 107.
60 Ibid.. pp. 834. 881. 1
*' This summ ary discussion o f the advantages and disadvantages o r holding companies is 

rom i u . ,  pp. 831-82. This docum ent, with its many parts and volumes, resulted from a 
Senate resolution calling Tor a consideration o r  "the value o r de trim ent to the public o f such 
holding companies, owning the stock o r otherwise controlling such public-utility corporations, 
immediately or remotely" (p. 831). and to r legislative recommendations.

M Ibid.. p. 881.
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ra tio n , a h o ld in g  c o m p an y  fo u n d e d  by an  inv estm en t a n d  b a n k in g  co n ce rn . 
W e have  a lread y  n o te d  S to n e  8c W eb s te r’s tra n s fo rm a tio n  fro m  a co n su ltin g  
e n g in e e r in g  firm  in to  a h o ld in g  co m p an y . T h e  Pacific G as 8c E lectric  C o m 
p an y  (see pp . 2 7 6 -8 0 )  a n d  th e  R hein isch -W estfa lisches E lek triz itiitsw erk  
(see p p . 4 2 3 -2 9 )  a re  ex am p le s  o f  u tilities th a t b ecam e h o ld in g  com p an ie s  
by ac q u ir in g  th e  stock  o f  th e  u tilities th ey  ab so rb ed . R e fe ren ce  has been  
m ad e , as well, to  S am uel In su lt 's  fo rm a tio n  o f  th e  M idd le  W est U tilities 
C o m p an y , w hich  becam e o n e  o f  th e  la rg est U.S. h o ld in g  co m p an ie s .

1 h e  h is to ry  of E lectric  B ond  & S h a re  is linked  w ith th e  h is to ry  o f  G en e ra l 
E lectric  a n d  th e  c a re e r  o f  S. Z. M itchell (1 8 6 2 -1 9 4 4 ). In  th e  1920s M itchell 
a n d  S am u e l In su ll w ere  th e  m ost w idely know n  h o ld in g -c o m p a n y  e n t r e 
p re n e u rs .  It is e s tim a ted  th a t d u r in g  th is p e r io d  M itchell's  co m p an y  c o n 
tro lled  m o re  o f  th e  u tility  b usiness th a n  In su ll's , fo r in 1924 E lectric  B ond 
8c S h a re  c o n tro lle d  at least 10 p e rc e n t o f  th e  en e rg y  g e n e ra te d  by th e  
industry , while lnsu ll's  M iddle West Utilities C om pany  con tro lled  only about 
8 p e rc e n t.33

T h e  o r ig in s  o f  th e  E lectric  B o n d  8c S h a re  C o m p an y , w hich was fo rm ally  
e stab lish ed  in 1905, can  be tra c e d  back to  1890. In  th a t yea r th e  T h o m so n - 
H o u s to n  E lectric  C o m p an y , th e  m a n u fa c tu re r  th a t in 1892 w ou ld  m erg e  
w ith E dison  G e n e ra l E lectric  to  fo rm  th e  G en e ra l E lectric  C o m p an y , es
tab lish ed  a su b s id ia ry  called  th e  U n ited  E lectric  S ecu rities  C o m p a n y  o f 
B oston . T h e  fu n c tio n  o f  th e  new  co m p an y  was to  h e lp  sm all, in d e p e n d e n t 
e lec tric  lig h t a n d  p o w e r co m p an ie s  fin an ce  th e  p u rc h a se  o f  g e n e ra to rs  a n d  
o th e r  e q u ip m e n t m a n u fa c tu re d  by T h o m so n -H o u s to n . Local so u rces  o f  
c ap ita l co n s id e re d  n e ith e r  th e  b o n d s  n o r  th e  slocks o f  th e  sm all, o ften  
in d iffe re n tly  ru n ,  e lec tric  ligh t co m p an ie s  to  be a g o o d  risk .53 As a resu lt, 
th e  co m p an ie s  co u ld  n o t e x p a n d  in re sp o n se  to  a m ark e t th a t M itchell 
ca lcu la ted  was g ro w in g  at a ra te  o f  a b o u t 10 p e rc e n t an n u a lly . T h e  p ro b lem  
was m o re  se rio u s  fo r  th e se  sm all utilities th a n  fo r m any  sm all e n te rp r is e s  
because  th e ir  c ap ita l in v es tm en t in re la tio n  to  incom e was u n u su a lly  h igh ; 
M itchell e s tim a ted  th a t fo r  th e se  utilities it to o k  an  in v estm en t o f  fro m  $4 
to  $6  to  p ro d u c e  a g ross  a n n u a l re v e n u e  o f  $ 1 .55

T h e  U n ited  E lectric  S ecu rities  C o m p an y  fin an ced  T h o m so n -H o u s lo n 's  
sm all c u s to m e rs  by tak in g  th e ir  n o n m a rk e ta b le  bo n d s a n d  u sin g  th em  as 
co lla te ra l fo r th e  b o n d s  issued  by U n ited  E lectric  Secu rities, w hich w ere 
m a rk e ta b le  b ecau se  o f  th e  co m p a n y ’s size, m a n a g e m e n t, a n d  re la tio n sh ip  
to  T h o m s o n -H o u s to n .50 D esp ite  th e  co n sid e rab le  m ark e t fo r th e se  b o n d s  
th a t d e v e lo p e d  o v e r  th e  years, how ever, th e  p ro b lem  o f  fin an c in g  local 
u tilities was n o t so lved . T h e  pan ic  o f  1893 saw m any  sm all u tilities sink  in to  
b an k ru p tc y , a n d  th o se  th a t su rv iv ed  faced  an  even  less resp o n siv e  invest
m e n t m ark e t. Even  in vesto rs  w ho h ad  been  w illing to  buy  th e  b o n d s  o f  th e  
sm all-tow n  u tilities (if  n o t th e  stock) insisted  a f te r  th e  pan ic  th a t th e  u tilities 
ra ise  m o re  cap ita l by issu ing  co m m o n  stock. In  sh o rt,  th e  b o n d  buyers

“ S. Doc. 213 (1927). p. 41.
M Sidney A. Mitchell. 5. 7.. Mitchell and the Electrical Industry (Now York: Farrar, Straus & 

Cudahy. I960), p. 60 (hereafter cited as S'. Z. Mitchell).
“  Mitchell, in an address to the Association of Edison Electric Illuminating Com panies in 

1920, quoted in S. Z. Mitchell, p. 118.
“ S. Doc. 213 (1927). p. 70.
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d e m a n d e d  m o re  o w n ers  a n d  few er c re d ito rs . T h e y  w an ted  th e  capital- 
h u n g ry  u tilities to  cover w ith m o rtg a g e  secu rities  no  m o re  th an  one-hair 
to  tw o -th ird s  o f  th e  cash cost o f  th e  p o w er p la n t a n d  o th e r  facilities.'’7 

G en e ra l E lectric, th e  successo r to  T h o m so n -M o u sto n  in 1893, inherited  
th e  U n ited  E lectric S ecu rities  C o m p an y  o f  B oston  a n d  su b seq u en tly  form ed 
th e  E lectrical S ecu rities  C o m p a n y  o f  N ew  Y ork  p r im a rily  to  fulfill its bond- 
p u rc h a s in g  fu n c tio n . U n d e r  th e  le a d e rsh ip  o f  C h a rle s  C offin  (1844-1926), 
its re so u rce fu l p re s id e n t, G en e ra l E lectric ad v ised  sm all utilities to  sell m ore 
ju n io r  secu rities , o r  stock , b u t fo u n d  th a t “m ere ly  p o in tin g  th e  way was not 
e ffec tiv e ."58 B ecause G en e ra l E lectric  h a d  ac q u ire d  o v e r  th e  years many 
sh a re s  o f  u n m a rk e ta b le , sm all-u tility  slock  in p ay m en t fo r  eq u ip m en t, it, 
loo , h ad  a g en e ra l in te re s t in so lv ing  th e  p ro b le m s o f  th e  u tilities. In  1905 
an  inven tive  so lu tio n  cam e  o u t of d e lib e ra tio n s  b e tw een  C o ffin  a n d  M itch
e ll.50 M itchell was called  on  fo r  assistance becau se  h e  h ad  b een  d ea ling  with 
sm all u tilities in th e  N o rth w est, co m p an ie s  w hose e lec tric  serv ice was poor 
a n d  w hose financial s tru c tu re s  w ere c ru d e — c o m p a n ie s  th a t w ere, in the 
v e rn a c u la r , "cats a n d  d o g s .”00 

M itchell h ad  p re p a re d  fo r  a c a re e r  in e n g in e e r in g  a t th e  U.S. Naval 
A cadem y . F in d in g  th e  p ro sp ec ts  o f  th e  navy  b leak  in 1885, how ever, the 
new ly co m m issio n ed  M itchell re s ig n ed  a n d  acc e p te d  em p lo y m en t with the 
E d ison  C o m p an y  in New Y ork. E arlie r, in 1883, he  h a d  b een  a ttrac ted  to 
e lectrical e n g in e e r in g  w hile in sta lling  in can d escen t l ig h tin g  on  th e  U.S.S. 
Trenton. M itchell w orked  a t th e  E dison  M ach ine  W orks, th e  m an u fac tu re r  
o f  d y n am o s, a n d  he also h e lp e d  to  w ire  th e  d is tr ib u tio n  system  o f  th e  Edison 
E lectric  I l lu m in a tin g  C o m p an y  in N ew  Y ork  C ity. W ith in  a year, how ever, 
h e  seized  th e  o p p o r tu n ity  to  lake  o v e r th e  exclusive E d ison  agency  in the 
N o rth w es t a f te r  H e n ry  V illard , E d ison 's f r ie n d  a n d  financ ia l adv iser, gave 
it u p . F rom  1885 to  1905 M itchell so u g h t a n d  fo u n d  financial backers, 
o b ta in e d  fran ch ise s , in sta lled  e q u ip m e n t, set u p  o p e ra t in g  a n d  m anage
m e n t p ro c e d u re s , a n d  cu ltiva ted  th e  g ro w th — o r at least e n su re d  the  su r
vival— o f  th e  re g io n ’s sm all e lec tric  ligh t u tilities. T h e  call M itchell got from  
C offin  to  d e lib e ra te  ab o u t “cats a n d  do g s"  is th e re fo re  u n d e rs ta n d a b le .01

T h e  so lu tio n  p ro p o se d  by M itchell a n d  C o ffin  was th e  fo rm a tio n  of the 
E lectric  B o n d  8c S h a re  C o m p an y . T h e  new  co m p a n y  tu rn e d  o v e r its slock 
to  G en e ra l E lectric in ex ch an g e  fo r th e  stocks o f  p o w er a n d  light com panies 
he ld  by G en e ra l E lectric hav in g  a p a r  value o f  $ 2 ,7 8 2 ,1 5 0 , bo n d s with a 
p a r  value o f  $ 1 ,47 6 ,0 0 0 , a n d  $1 ,3 0 0 ,5 7 6 .9 0  in cash. E lectric  B ond 8c Share 
co n v e rted  th e  ac q u ire d  secu rities  in to  m a rk e ta b le  assets by resuscita ting  
a n d  in v ig o ra tin g  th e  u tilities th a t h ad  issued  th em . T h is  was d o n e — as had 
b een  th e  case w ith S to n e  8c W ebste r— by p ro v id in g  m a n a g e m e n t, eng i
n e e r in g , a n d  financial services. E lectric B ond  8c S h a re  d id  not pu rch ase  a 
m ajo rity  o f  stock  in th e  clien t co m p an ies , but exe rc ised  c o n tro l th ro u g h  a 
co m b in a tio n  of m eans, in c lu d in g  m inority  stock a n d  c o n trac tu a l,  lee-based

" Ib id ..  p. 71.
"  Ibid., p. 9.3.
5” S. Z. Mitchell, p. 61.

Ibid.. pp. 61, 64.
"’ This biographical sketch o f Mitchell is based on ibid.. pp. 19-12.
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serv ices.02 In  1925 G en e ra l E lectric  d iv ested  itse lf  o f  d ire c t c o n tro l o f  B o n d  
8c S h a re  by d is tr ib u tin g  th e  co m p a n y ’s stock  to  G E  s to ck h o ld e rs .

S tre ssin g  m a n a g e m e n t serv ices, B o n d  8c S h a re  in tro d u c e d  a policy th a t 
v aried  f ro m  S lo n e  8c W eb s te r’s. B o n d  8c S h a re  re c o m m e n d e d  th a t th e  
d ire c to rs  o f  th e  c lien t co m p an y  elect a B o n d  8c S h a re  execu tiv e  as a n o n 
sa la ried  o ff ic e r  o r  m e m b e r  o f  its b o a rd . T h is  o ffice r— like th e  execu tives  
se rv in g  o th e r  c lien t utilities— w ould  rem a in  in B o n d  8c S h a re ’s N ew  Y ork  
o ffice ; a B o n d  & S h a re  m an  w ou ld  n o t be n a m e d  re s id e n t m a n a g e r  as was 
cu s to m ary  w ith  S lo n e  8c W eb s te r.63 F ro m  its la rg e  s ta f f  o f  m a n a g e rs  a n d  
adv ise rs , B o n d  8c S h a re  w ou ld , like S to n e  8c W ebste r, d e s ig n a te  a “s p o n s o r” 
fo r  each  clien t u tility . T h e  s p o n so r  w ou ld  visit, observe , in sp ec t, a n d  c o r 
re sp o n d  with th a t co m p an y . H e  w ou ld  ap p ly  his g e n e ra l k n o w led g e  o f  th e  
u tility  b usiness  to  th e  p ro b lem s a n d  o p p o r tu n itie s  o f  th e  specific  u tility  
c o m p an y . F u r th e rm o re ,  h e  w ou ld  have  a t h is d isposa l th e  la rg e  B o n d  8c 
S h a re  s ta f f  o f  specialists in in su ra n c e , taxes, ra le s , p ub lic  re la tio n s , sta tistics, 
a n d  o th e r  m a n a g e m e n t fu n c tio n s. T h e  co n tra c t a lso ca lled  fo r  a “sp o n so r  
e n g in e e r” ; h e , loo , w ou ld  stay in fo rm e d  by m ean s  o f  visits a n d  c o r re s p o n d 
ence . B esides th e  m a n a g e m e n t a n d  e n g in e e r in g  specialists, th e re  w ere  to  
be “sp o n so r  a c c o u n ta n ts” in  B o n d  8c S h a re ’s N ew  Y ork  o ffice . T h e  p ro b le m s 
th a t th e se  sp o n so rs  a d d re s se d  w ere  e x p a n s io n  o f  th e  business , utility  in 
te rc o n n e c tio n , ra te s , c ap ita l s tru c tu re , a n d  financ ia l p ro g ra m s .64

E lectric  B o n d  8c S h a re  soon  b eg an  o rg a n iz in g  h o ld in g  co m p an ie s  to  
co n tro l th e  c lien t u tilities  th ro u g h  m ajo rity  o w n e rsh ip  o f  th e ir  stock . B o n d  
8c S h a re  itse lf  c o n tin u e d  to  avo id  d ire c t c o n tro l o f  th e  u tilities th ro u g h  
o w n e rsh ip  o f  a m a jo rity  o f  th e ir  sh a re s . I t  es tab lish ed  a new  c o n tra c tu a l 
r e la tio n sh ip  w ith  its h o ld in g  co m p an ie s  r a th e r  th a n  w ith th e  o p e ra tin g  
u tilities. By 1925 E lectric  B o n d  & S h a re  h e ld  la rg e  b locks o f  vo tin g  stock 
in, a n d  h a d  v a rio u s se rv ic in g  a r ra n g e m e n ts  w ith , five h o ld in g  co m p an ies . 
B ecause it d id  n o t h ave  a m ajo rity  stock  in te re s t in any  o f  these , how ever, 
it consis ten tly  m a in ta in e d  th a t it was n o t itse lf  a utility  h o ld in g  co m p an y . 
T h e  F ed e ra l T ra d e  C o m m ission  a n d  “th e  in v es tm en t w o rld ” gene ra lly , 
how ever, b e lieved  th a t E lectric  B o n d  8c S h a re  h e ld  d e  fac to  c o n tro l because  
th e  o th e r  sh a re s  o f  th e  five co m p an ie s  w ere  w idely d isp e rse d  o r  b locks o f  
th em  w ere  h e ld  “by frien d ly  a n d  c o o p e ra tiv e  b an k in g  in te re s ts .”65 

T h e  h o ld in g  c o m p an ie s  o f te n  a cq u ired  th e ir  c o n tro llin g  stock  in  th e  
o p e ra tin g  co m p an ie s  w hen  E lectric  B ond  8c S h a re  tu rn e d  o v e r  to  th e  h o ld 
ing  c o m p an ie s  u tility  stock  o b ta in e d  by G en e ra l E lectric in ex c h a n g e  fo r  
e q u ip m e n t. T h e  h o ld in g  co m p an ie s  a lso a c q u ired  u tility  stock by p u rc h a se , 
u sin g  in co m e fro m  th e  sale o f  h o ld in g -co m p an y  secu rities, o r  by e x ch an g e  
o f  th e se  secu ritie s  fo r  o p e ra tin g -c o m p a n y  secu rities .66 B ecause S to n e  8c

Ibid., pp. 64-65; S. Doc. 213 (1927), p. 73.
05 In 1906 Slone 8c W ebster named local managers; see Street Railway Journal. 7 July 1906, 

p. 2. In a service contract used in the 1930s, Stone 8c W ebster Service Corp. expressed readiness 
to "recom m end" local executives (Stone 8c Webster Form no. A706. S&W files).

94 T his analysis o f the Electric Bond 8c Share service is draw n Trom a 1929 contract reprinted 
in Federal T rade  Commission. Utility Corporations, Part 72A, p. 672.

oojames C. Bonbrighl and G ardiner C. Means, The Holding Company: Its Public Significance 
and Us Regulations (New York: McGraw-Hill. 1932), p. 104. Bonbright and Means drew upon 
S. Doc. 213 (1927) in p reparing their study.

o" Bonbright and Means, The Holding Company, p. 104.
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W eb ster so m etim es o b ta in e d  stock  in e x c h a n g e  fo r  its en g in e e r in g  and  
m a n a g e m e n t services, it seem s likely th a t E lectric  B ond  8c S h a re  received 
u tility  secu rities  in  th is way as well.

D u rin g  th e  p e r io d  o f  ra p id  e x p a n s io n  o f  reg io n a l utilities, E lectric  Bond 
8c S h a re  a n d  th e  re la te d  h o ld in g  co m p an ie s  em p h as ized  cap ita l fo rm ation  
a n d  fo u n d  m ean s by w hich th e  utilities co u ld  d isp o se  o f  th e ir  d ifficu lt-lo - 
m a rk e t ju n io r  secu rities . S ee in g  every  citizen  as a c u s to m e r, M itchell, who 
was still h e a d  o f  E lectric  B o n d  8c S h a re , to ld  u tilities th a t they  n e e d e d  $ 30 - 
$ 80  fo r  each  in d iv id u a l a d d e d  to  th e  U.S. p o p u la tio n .07 T h e  stan d a rd  
financ ia l s t ru c tu re  d e s ig n e d  by E lectric  B o n d  8c S h a re  to  m eet th e  financial 
n eed s  o f  th e  u tility  co m p an ie s  c o n tro lle d  by th e  h o ld in g  co m p an ie s  called 
fo r  60  p e rc e n t cap ita liza tio n  th ro u g h  th e  sale  o f  b o n d s  to  th e  public , 20 - 
25 p e rc e n t cap ita liza tio n  th ro u g h  th e  sale o f  p r e fe r r e d  stock to  th e  public, 
a n d  2 0 -2 5  p e rc e n t cap ita liza tio n  in co m m o n  slock  th a t was to  lie taken  by 
a h o ld in g  c o m p a n y .08 F o r th e  h o ld in g  co m p an y , th e  ad v a n ta g e  o f  keeping 
th e  a m o u n t o f  c o m m o n  (vo ting  o r  c o n tro llin g ) stock  low was obvious; con 
tro l w ou ld  be less costly. F u r th e rm o re ,  a s will be e x p la in e d , th e  a rra n g e m e n t 
co u ld  m ean  fo r  th e  h o ld in g  co m p an y  a h ig h  r e tu rn  on  in v estm en t. T he 
in v en tiv en ess  o f  th e  fin an c ie rs  was c o m p a ra b le  to  th a t o f  th e  in v en to rs  and 
e n g in e e rs  w ho  h ad  d e s ig n e d  th e  tech n o lo g ica l s tru c tu re .  Fo llow ing  this 
p lan . E lectric  B o n d  8c S h a re  p a r tic ip a te d  in  th e  policy m ak in g  o f  th e  five 
m a jo r h o ld in g  co m p an ie s: th e  A m erican  G as 8c E lectric  C o m p an y  (fo rm ed  
in 1906);09 th e  A m erican  Pow er 8c L ig h t C o m p a n y  (1909); th e  N ational 
P ow er 8c L igh t C o m p an y  (1921); th e  A m erican  8c F o re ig n  P ow er C om pany, 
Inc. (1923); a n d  th e  E lectric P ow er 8c L ight C o rp o ra tio n  (1925).70 T h e  
N atio n a l P ow er 8c L igh t C o m p an y  also h ad  a m a jo r  h o ld in g  co m p an y  as a 
su b sid ia ry — th e  L eh igh  P ow er S ecu rities C o rp o ra tio n  (see p p . 439—41 be
low).

B ecause A m erican  Pow er 8c L ight rece ived  v a rio u s serv ices fro m  Bond 
8c S h a re , its h is to ry  is rep re se n ta tiv e  o f  th e  co n cep ts  a n d  ac tions o f  S. Z. 
M itchell a n d  h is associates. A m erican  P ow er 8c L ig h t was fo rm e d  as a 
h o ld in g  co m p an y  to  f in an ce  tw o K ansas utility  co m p an ie s  th a t w ere too 
sm all to  in te re s t in v esto rs  in th e ir  s e n io r  secu rities  a n d  h a d  n o  m arkiet for 
th e ir  c o m m o n  slock . T h e  o w n e r  o f  th e  tw o u tilities h ad  a sked  M itchell to 
fo rm  th e  h o ld in g  co m p a n y  to  take  th e ir  co m m o n  sh a re s . A m erican  Pow er 
8c L igh t th e n  ra ised  th e  m oney  fo r  th e  stock by se lling  its ow n securities. 
S u b seq u en tly , th e  h o ld in g  co m p a n y  a c q u ire d  o th e r  u tilities in th e  im m e
d ia te  vicinity, a n d  M itchell m e rg e d  th em  in to  th e  K ansas G as 8c Electric 
C o m p an y , a utility  th a t was la rg e  e n o u g h  to  in te re s t in vesto rs  in its p re 
f e r re d  stock  a n d  bo n d s. A m erican  P ow er 8c L igh t c o n tro lle d  th e  Kansas 
G as 8c E lectric  C o m p a n y  th ro u g h  co m m o n  stock, a n d  th e  h o ld in g  com pany  
e n te re d  in to  th e  cu s to m ary  c o n tra c tu a l re la tio n sh ip  w ith E lectric  B ond 8c

m S. Z. Mitchell, p. 118.
“ Federal T rade  Commission, Utility Corporations, Pan  72A, p. 87.
“ American Gas Sc Electric Co. originated before Bond Sc Share had built up its staff of 

experts, so American Gas Sc Electric supplied its own managers, engineers, and accountants 
to the operating companies whose common stock it held. American Gas Sc Electric relied on 
Bond Sc Share for financial services, however. In 1924, Bond Sc Share owned about 7 percent 
o f the voting stock or American Gas Sc Electric. Sec S. Doc. 213 (1927), p. 7.

70 Ibid.. d. xxxvii.



S h a re . In  1910, d ire c te d  by B o n d  8c S h a re , A m erican  P ow er 8c L ig h t ac
q u ire d  p ro p e r tie s  in W a sh in g to n  a n d  O re g o n . In  su b se q u e n t years  it o b 
ta in e d  c o n tro l o f  o th e r  g ro u p s  o f  c o m p an ie s  in T ex as , M in n eso ta , F lo rida , 
a n d  N eb rask a . By 1924 th e  o p e ra tin g  co m p an ie s  h e ld  by A m erican  P ow er 
8c L ig h t g e n e ra te d  ab o u t 2.4 p e rc e n t o f  th e  to tal co m m erc ia l o u tp u t  o f  
e lec tric ity  fo r  th e  e n tire  c o u n try .71

W h en  th e  c o m p a n ie s  a c q u ire d  w ere in th e  sam e g eo g rap h ica l a re a , as 
was th e  case in K ansas, th ey  w ere  u n ite d  by tran sm issio n  lines in to  a c o n 
tin u o u s  system  a n d  w ere  o f te n  m e rg e d  to  fo rm  la rg e r  o p e ra tin g  c om pan ies . 
As a re su lt, sm all, in e ffic ien t p lan ts  cou ld  be sh u t dow n , load  fac to r cou ld  
be im p ro v e d , v a ried  e n e rg y  so u rces  m ix ed , a n d  d iversity  e x p lo ite d — as they  
h a d  b een  d u r in g  th e  e ra  o f  m e rg e r  a n d  con so lid a tio n . B u t M itchell w en t 
b ey o n d  e x p lo ita tio n  o f  su p p ly  a n d  d iv ers ifica tio n  o f  load  to  in tro d u c e  th e  
d iv ers ity  p r in c ip le  on  a h ig h e r  level o f  ab s trac tio n ; h e  called  his idea  “ fi
n an c ia l d iv e rs ity .” B ecause  o f  th is a sp ec t o f  th e ir  policies, E lectric  B o n d  8c 
S h a re ’s h o ld in g  c o m p a n ie s  w ere  ca teg o rized  as th e  “d iv e rs ified  inv estm en t 
ty p e .’’72

T h e  p r in c ip le  o f  f inanc ia l d iversity , as fu lfilled  by th e  A m erican  Pow er 
& L ig h t C o m p a n y  a n d  o th e r  B o n d  8c S h a re  h o ld in g  com p an ie s , was e x 
p la in ed  by O w en  D. Y o u n g , h ead  o f  G en e ra l E lectric, as follows:

If one owns a light and power plant in a single community, his investment and 
his earn ing  power is [sic] subject to the risk o f that community. Floods may come 
and wipe it out; cyclones may hurl it down; crops may fail; business depressions 
(here may be acute. T he  capital invested in that plant, if owned by a single man, 
is subject to those contingencies. But if men combined their investments in a 
large num ber o f plants, widely diversified geographically, the floods will never 
come to all at once; the failure o f crops will never come to all at once; a depres
sion in business is unlikely to come to all at once, if the diversity is widely made. 
T herefore , a given investment in a group  o f plants is much safer than an invest
ment in a single plant o f similar am ount. Not only is the principal safer but the 
continuity o f re tu rn  is better insured.73

A cco rd in g  to  Y o u n g  a n d  M itchell, n o t on ly  w ere  th e  risks sp re a d  in th e  
h o ld in g  c o m p a n ie s  so th a t th e  in v e s to r’s p rin c ip a l was sa fe r  a n d  th e  c o n 
tin u ity  o f  r e tu rn  b e tte r , b u t th e  r e tu rn  m ig h t well be m u ch  la rg e r. M itchell 
e x p la in e d  th e  c o n c e p t in  a s im p lified  exam p le . H e  said  th a t  $ 10 0  invested  
by a h o ld in g  co m p a n y  in  th e  c o m m o n  stock o f  a u tility  sh o u ld  b rin g  a 
r e tu rn  o f  $9  as a d iv id e n d  o n  th e  u tility ’s co m m o n  stock. A ssu m in g  th a t 
th e  h o ld in g  c o m p a n y  h ad  ra ised  th e  $100  by m a rk e tin g  $60  o f  its ow n 
d e b e n tu re s  (n o n m o rtg a g e , o r  co lla te ra l, bonds), $20  o f  its p re fe r re d  stock, 
a n d  $2 0  o f  co m m o n  stock o f  its ow n, th e n  o n  th e  d e b e n tu re s  it w ould  have 
to  pay  6 p e rc e n t ($3 .60) a n d  on  th e  p re fe r re d  stock 7 p e rc e n t ($1.40), 
w hich  w ou ld  leave $4 fro m  th e  $9  e a rn e d  on  th e  u tility  co m m o n  stock to  
d e c la re  as a d iv id e n d  on  th e  h o ld in g  co m p an y  co m m o n  stock o r  to  be 
invested  in  th e  o p e ra tin g  co m pan ies . As M itchell observed , “F o r th a t pos
sible 20 p e rc e n t re tu rn  th e  h o ld in g  co m p an y  com m on  stock sh o u ld  be
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71 Ibid.. pp. 93-108 and xxix.
73 Federal T rade  Commission, Utility Corporations, Pan 72A. p. 84.
75 Q uoted in S. Z. Mitchell, pp. 84-85.
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sa leab le .”7* H e m ig h t have  a d d e d  th a t th e  o rg a n iz e rs  o f  h o ld in g  com panies 
w ere o f ten  read y  to  p u rc h a se  th e  co m m o n  slock them selves.

In  a r e p o r t  in 1927, a t th e  h e ig h t o f  th e  h o ld in g -co m p an y  e ra , th e  Federal 
T ra d e  C om m ission  o b se rv ed  th a t p ro m o te rs  o f te n  re ta in e d  o w n ersh ip  of 
th e  co m m o n  sh a re s  o f  th e ir  h o ld in g  c o m p a n ie s  a n d  o b ta in e d  ra te s  o f  re tu rn  
ra n g in g  from  19 p e rc e n t to  55 p e rc e n t .75 H ig h  r e tu rn s  co u ld  be achieved 
by in c reas in g  th e  p ro p o r tio n  o f  low -in te rest d e b e n tu re s  a n d  p re fe r re d  stock 
am o n g  th e  h o ld in g  co m p an y 's  secu rities . F o r in stan ce , if  th e  h o ld in g  com 
pany  in th e  e x a m p le  above h ad  in c rea sed  its d e b e n tu re s  to  65 p e rcen t and 
its p r e f e r r e d  stock  to  25 p e rc e n t, th e  r e tu rn  o n  th e  $ 1 0  o f  ho ld ing -com pany  
co m m o n  stock w ou ld  have b een  33 .5  p e rc e n t. S. Z. M itchell recogn ized  the 
possibility  o f  h ig h — even  excessive— re tu rn s  on  in v es tm en ts , b u t he ch a r
ac te rized  his ro le  as th a t o f  a re so u rc e fu l f in a n c ie r  o f  u tility  expansion  
r a th e r  th a n  a r e a p e r  o f  la rg e  p ro fits .

M a n ag em en t, d e s ig n , a n d  c o n s tru c tio n  serv ices w e re  alw ays cen tra l to 
th e  o rg an iza tio n s  e re c te d  by M itchell a n d  by S lo n e  8c W eb ste r. As financing  
in creased  in  im p o rta n c e  w ith th e  s tead y  g ro w th  o f  th e  cap ita l-in tensive 
utility  in d u s try , h ow ever, h o ld in g  c o m p a n ie s  w e re  fo rm e d  w hose activities 
w ere alm ost en tire ly  financial. C h a r te re d  in 1929, th e  U n ited  C o rp o ra tio n  
was th e  c re a tio n  o f  th re e  in v es tm en t b a n k in g  h o u ses—J . P. M organ  & 
C o m p an y , D rexel 8c C o m p an y , a n d  B o n b rig h t 8c C o m p an y , In c .70 W ithin 
a few years, th e  in v estm en t b a n k e rs  h a d  p rac tica l c o n tro l o f  a n e tw ork  of 
utilities e x te n d in g  (w ith o n e  m a jo r  b reak ) f ro m  th e  G re a t Lakes an d  the 
St. L aw ren ce  R iver to  th e  G u lf  o f  M exico. T h o s e  w ho  w ere  in fo rm e d  about 
U n ited  C o rp o ra tio n  labeled  th e  c o n tro l “p rac tica l"  becau se  U n ited  C o r
p o ra tio n  ow n ed  only  m in o rity  stock in th e  c o m p a n ie s  in its g ro u p .  M inority 
co n tro l p ro b ab ly  was co n g en ia l b ecau se  im m en se  a m o u n ts  o f  cap ita l were 
involved  a n d  because  g o v e rn m e n t re g u la tio n  a n d  p ub lic  a c c o u n tin g  seem ed 
less likely if  th e  c o rp o ra tio n  re m a in e d  su p e rfic ia lly  an  in v es tm en t com pany 
ra th e r  th an  legally a u tility  h o ld in g  c o m p an y . F u r th e rm o re ,  th e  prestige 
o f  th e  th re e  b a n k in g  h o u ses  was so g rea t a m o n g  th e  utilities, a n d  the 
in te rlo ck in g  oT th e  h o a rd s  o f  d ire c to rs  was so ex ten siv e , th a t co n tro l could 
be ex erc ised  w ith o u t m ajo rity  h o ld in g s .77

In  1931 U n ited  C o rp o ra tio n  v irtua lly  c o n tro lle d  five m a jo r  h o ld in g  com 
p an ies  an d , th ro u g h  these , n u m e ro u s  utilities. A m o n g  th e  h o ld in g  com 
p an ies  it c o n tro lle d  was th e  N iag a ra  H u d so n  P ow er C o rp o ra tio n . Unlike 
m any  o th e r  h o ld in g  c o m p an ie s , w ith th e ir  w idely d isp e rse d  p ro p erties , 
N iag a ra  H u d so n  co n tro lle d  utilities th a t w ere  co n tig u o u s  a n d  in te rco n 
nec ted . O rg an iza tio n a lly , how ever, N iag a ra  H u d so n  was a com plex  py ra
m id  ol su b h o ld in g  a n d  o p e ra tin g  co m p an ie s . A lso a p a r t  o r  th e  U nited 
C o rp o ra tio n  a n d  o rg an iza tio n a lly  on  th e  sam e level as N iag a ra  H udson  
was th e  C o m m o n w ea lth  8c S o u th e rn  C o rp o ra tio n , w hich h e ld  utilities in 
G eo rg ia , A labam a, a n d  T ennessee  a n d  w hich was la te r  involved  in a classic

77 Ibid., p. 80.
" S .  Doc. 213 (1927). p. xxiv.

I his account ol I lie United Corp. is draw n from llonbrighl and Means, The Holding 
Company, pp. 127-38; and from Federal T rade  Commission. Utility Corporations. Pari 72A. 
pp. 75-77 and 111-16.

17 Bonbright and Means, The Holding Company, p. 134.
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s tru g g le  w ith th e  T e n n e sse e  Valley A u th o rity . T h e  U n ited  G as Im p ro v e 
m en t C o m p an y , in which U n ited  C o rp o ra tio n  h e ld  a 26.1 p e rcen t in te re st 
in 1931, was p ro b ab ly  th e  o ld est u tility  h o ld in g  co m p an y  in th e  e lec tric  
su p p ly  field . O rig in a lly  in c o rp o ra te d  in Pennsy lvan ia  in 1882 to  in tro d u c e  
im p ro v e m e n ts  in th e  gas in d u s try , th e  e n te rp r is e  so u g h t co n tro l o f  gas 
co m p an ie s  in o rd e r  to  estab lish  a m a rk e t fo r  its p a te n te d  m e th o d  o f  m a n 
u fa c tu r in g  w a te r gas. In  lim e, e lectric  utilities w ere a d d e d  to  th e  list o f 
co m p an ie s  co n tro lle d  by th e  firm .

W ith its im m en se  h o ld in g s o f  in te rc o n n e c te d —o r  likely to  be in te rc o n 
n e c te d — utilities in th e  N o rth e a s t a n d  S o u th eas t, th e  U n ited  C o rp o ra t io n ’s 
sta tu s  a p p ro a c h e d  th a t o f  th e  su p e rp o w e r  system  m u ch  ta lk ed  a b o u t by 
M orris  C o oke  a n d  o th e rs  im m ed ia te ly  a f te r  W orld  W ar I. A c co rd in g  to  
ru m o rs  in financ ia l a n d  e n g in e e r in g  circles b e fo re  passage  o f  th e  Public 
Utility H o ld in g  C o m p a n y  Act o f  1935, th e  in v es tm en t b a n k e rs  w ould  p re 
side  o v e r  th e  physical in te rc o n n e c tio n  o f  th e ir  u tility  e m p ire .78 D espite  
o p p o s itio n  a r is in g  fro m  th e  n a tu ra l p re fe re n c e  o f  u tility  m a n a g e rs  to  m a in 
ta in  o p e ra t in g  au to n o m y  in stead  o f  b e in g  h o m o g en ized  in to  a s u p e r im 
posed  system , a n d  d e sp ite  o th e r  m an ife sta tio n s o f  p a rticu la rism , th e  ru m o rs  
look  on  c re d e n c e  w ith th e  fo rm a tio n  o f  th e  P en n sy lv an ia -N ew  Je rse y  In 
te rco n n ec tio n , w hich  invo lved  th e  P h ilad e lp h ia  E lectric C o m p an y  a n d  th e  
Public  Serv ice  E lectric  8c G as C o m p an y  o f  N ew  Je rse y , tw o o f  th e  la rgest 
utilities in th e  U n ite d  C o rp o ra tio n  g ro u p  (see pp . 3 3 1 -3 4  above). F u r 
th e r in g  th e  com p lex ity  o f  th e  s itu a tio n  was th e  fact th a t th e  th ird  m e m b e r  
o f  th e  P en n sy lv an ia -N ew  J e rse y  In te rc o n n e c tio n , th e  Pennsy lvan ia  Pow er 
8c L ight C o m p an y , was in th e  E lectric  B o n d  8c S h a re  g ro u p , w hich h ad  
h a rm o n io u s  re la tio n s  w ith th e  U n ited  C o rp o ra tio n  by v irtu e  o f  th e  close 
ties o f  th e  tw o su p e rp o w e r  h o ld in g  co m p an ie s  w ith th e  inv estm en t b a n k in g  
ho u se  o f  B o n b rig h t 8c C o m p an y  a n d  because  E lectric  B o n d  8c S h a re  o w ned  
stock in som e o f  th e  co m p an ie s  o f  th e  U n ited  C o rp o ra tio n  g ro u p .79 A n 
tic ip a tin g  th e  e m e rg e n c e  o f  a su p e rp o w e r  system , som e investo rs  a n d  utility  
co g n o scen ti to o k  as a p o r te n t th e  nam e  o f  a n o th e r  h o ld in g  co m p an y , th e  
A m erican  S u p e rp o w e r  C o rp o ra tio n , w hich was fo rm e d  by B o n b rig h t 8c 
C o m p an y  a n d  h a d  close in v estm en t lies w ith th e  U n ited  C o rp o ra tio n .

T h e  o n se t o f  th e  D ep ressio n  w recked  th e  fra il py ram id a l s tru c tu re  o f  
several U.S. h o ld ing  com panies, includ ing  Sam uel Insult's, and  raised doub ts 
ab o u t th e  ad v an tag es  o f  all o f  th em . T h e  m o u n tin g  d o u b ts  c u lm in a ted  in 
1935 with passage o f  the  Public Utility H o ld ing  C om pany Act, which sharp ly  
cu rta ile d  a n d  rev e rsed  th e  s p re a d  o f  th e  h o ld in g  co m p an y  by o u tlaw in g  
h o ld in g  co m p an ie s  w ith u tilities th a t w ere n o t physically  (technologically) 
co n n ec ted . T h e  a n tic ip a ted  rise  o f  su p e rp o w e r h o ld in g  co m p an ies  th a t 
w ould  p re s id e  o v e r  reg io n a l system s co v erin g  th e  e n tire  N o rth eas t o r  W est, 
o r  even  th e  w hole  n a tio n , was n o t to  be. In s tead , th e  p riv a te  u tilities a n d  
th e  fed e ra l g o v e rn m e n t fo u n d  them selves locked in a lon g -te rm  s tru g g le  
fo r  reg iona l-system  co n tro l a n d  o w n ersh ip , a stru g g le  m an ife sted  in the  
fig h t o v e r T V A  a n d  in f ru s tra te d  e ffo rts  to  c rea te  o th e r  T V  As. A m erica,

7" Q onbrighl anti Means doubled that die physical integration would occur, because of "the 
petty jealousies o f local politics in New York City and Philadelphia and the rivalries between 
New York, New Jersey and Pennsylvania" (ibid., pp. 128-30).

7" Ibid.. p. 133.
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like L o n d o n  a n d  E n g lan d  as a w hole  d ecad es  ea r lie r ,  saw  technical im pli
ca tions c o n tra d ic te d  by w h a t L loyd G eo rg e  labe led  “politics.”

In  B rita in , h o ld in g  co m p an ie s  d o m in a te d  th e  p riv a te ly  o w n ed  secto r of 
th e  su p p ly  in d u s try , b u t c o m p a re d  to  th e  U n ited  S la tes, th is sec to r held a 
sm all p e rc e n ta g e  o f  th e  n a tio n ’s g e n e ra tin g  capacity , a n d  th is sm all sector 
was in flu en ced  by fo re ig n  e n te rp r is e . A m erican  m a n u fa c tu re rs  h ad  long 
e x p o r te d  e lectrical m ach in e ry  to  B rita in ; in th e  1920s, A m erican  hold ing  
co m p an ie s  e x p o r te d  th e ir  p rac tices  as well. S am u e l In su ll’s ho lding 
co m p an y  a c q u ire d  in te re s t  in th e  B ritish  P ow er 8c L ig h t C o rp o ra tio n , a 
sm all B ritish  h o ld in g  co m p an y . A m u ch  la rg e r  in v o lv em en t by A m ericans 
w as o b ta in e d  th ro u g h  th e  G re a te r  L o n d o n  a n d  C o u n tie s  T ru s t  (G LCT). 
T h e  U tilities P ow er 8c L igh t C o rp o ra tio n  o f  C h icago , a sm all U.S. ho ld ing  
co m p an y  th a t c o n tro lle d  less th a n  1 p e rc e n t o f  th e  g e n e ra tin g  capacity  in 
th e  U n ited  S lates, ow n ed  th e  G L C T . G L C T 's  cap ita l, £ 3 0 0 ,0 0 0  in 1926 and  
£400 ,0 0 0  in 1927, was u sed  to  a cq u ire  sm all B ritish  u tilities  w ith d is tri
b u tio n  system s th a t co u ld  d raw  fro m  th e  G r id ’s tran sm iss io n  n e tw ork . Most 
o f  th e  cap ita l cam e fro m  th e  U n ited  S la tes, b u t to  re lieve  som e o f  the 
c o n c e rn  ab o u t th e  p e n e tra tio n  o f  fo re ig n  cap ita l, th e  co m p a n y  n am ed  B rit
ons as executives. G L C T  c o n c e n tra te d  its acq u is itio n s e ffo r ts  in  so u th e rn , 
ru ra l  E n g lan d  a n d  in  1928 a c q u ire d  95 p e rc e n t o f  th e  sh a re s  o f  E d m u n d - 
sons E lectric ity  C o rp o ra tio n ; w ith tw en ty -n in e  u tilities, E d m u n d so n s  was 
o n e  o f  B rita in ’s la rgest h o ld in g  co m p an ie s . By th e  e n d  o f  1929 G LC T 
c o n tro lle d  fifty -fo u r  u tilities, m ost o f  w hich  w ere  ru ra l  a n d  sm all.

L ike th e  A m erican  h o ld in g  c o m p an ie s , G L C T  a n n o u n c e d  p lans to ra 
tiona lize  its h o ld in g s  th ro u g h  in te rc o n n e c tio n s  a n d  m a n a g e m e n t an d  fi
nanc ia l services. T h e se  e ffo r ts  w e re  f ru s tra te d ,  h o w ev er, f irs t by th e  d is
p e rse d  c h a ra c te r  o f  th e  c o m p a n y ’s h o ld in g s  a n d  th e n  by th e  financial 
d ifficu lties  o f  th e  A m erican  o w n ers  in  th e  1930s. T h e  o w n ers  initially  held 
th e  co m m o n  stock  o f  G L C T , o b ta in e d  a h ig h  r e tu rn  o n  th e ir  investm ent, 
as in th e  U n ited  S ta tes, a n d  lim ited  th e  p a rtic ip a tio n  o f  B ritish  capital to 
fixed  in te re s t secu rities . In  th e  th irtie s , h ow ever, th e  A m erican  paren t 
c o m p an y , U tilities P ow er 8c L igh t, e x p e rie n c e d  se rio u s financ ia l difficulties 
a n d  was n o  lo n g e r  ab le  to  fin an ce  its B ritish  sub sid ia ry ; th u s , th ro u g h  the 
p u rc h a se  o f  c o m m o n  stock, B ritish  cap ita l b eg an  to  d isp lace  A m erican . In 
1935 a B ritish  c o n so rtiu m , in c lu d in g  L azards, th e  B ritish  m e rc h a n t bank, 
took  c o n tro l o f  G L C T  fro m  th e  A m erican s, l iq u id a ted  it, a n d  established 
E d m u n d so n s , th e  fo rm e r  s u b h o ld in g  c o m p an y , as th e  p a re n t  h o ld in g  com 
p any . E d m u n d so n s  th e n  c o n tin u e d  to  ra tio n a lize  th e  d is tr ib u tio n  com pa
n ies it h e ld .80

T h e  P ow er S ecu ritie s  C o rp o ra tio n ,  th e  la rg est o f  th e  B ritish -ow ned  ho ld 
ing  co m p an ie s  in th e  1920s, was h e a d e d  by G eo rg e  B a lfo u r, a cham pion  
of h o ld in g  c o m p an ie s  a n d  la rg e -a rea  su p p ly . A co n serva tive  m em b er of 
P a rliam en t a n d  h ead  o f  a u tility  m a n a g e m e n t firm , B a lfo u r  B eatty , B alfour 
o rg an ized  th e  P ow er S ecu rities  C o rp o ra tio n  in 1922. H e  becam e chairm an 
a n d  o w n e r  a lo n g  w ith th re e  la rg e  h eav y -eq u ip m en t m a n u fa c tu re rs , A rm 
s tro n g  W h itw o rth , Babcock 8c W ilcox, a n d  B ritish  T h o m so n -H o u s to n . T h e  
new  o rg an iza tio n  look  o v e r  all of B a lfo u r B eatty 's u tility  in te re s ts  a n d  used 
B a lfo u r  B eatty  s co n su ltin g  e n g in e e rs  a n d  m a n a g e m e n t e x p e rtise  fo r them .

H annah. Electricity Before Nationalisation, pp. 227-34.



T h e  co m b in a tio n  o f  e lectrical m a n u fa c tu re r  a n d  u tility  h o ld in g  c o m p an y  
was a lread y  well know n  in th e  U n ited  S tates. T h e  Pow er S ecu rities  C o r
p o ra tio n  becam e th e  la rg est e lec tric -u tility  h o ld in g  co m p an y  in B rita in . 
F ro m  th is base a n d  w ith th is in te re s t,  B a lfo u r  fo u g h t th e  im p le m e n ta tio n  
o f  th e  E lectric ity  S u p p ly  A ct o f  1919 a n d , ex c e p t w h en  legally  re q u ire d  to  
d o  so, o p p o se d  c o o p e ra tio n  w ith th e  electric ity  com m issioners . H is s tro n g  
voice a d d e d  to  th e  d isso n an ce  a m o n g  p riv a te  a n d  pub lic  in te re s ts  a n d  
p ro p o n e n ts  o f  la rg e - a n d  sm all-a rea  su p p ly .81
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Ibid.. pp. 71-73, 81.



C H A P T E R  X I V

RWE, PP&L, and 
NESCO: The Style of 
Evolving Systems

Th e  e v o lu tio n  o f  th e  reg io n a l system s c o n s id e re d  h e re  was a long  p ro c 
ess c o m p a re d  to  th e  sh o r t  g e s ta tio n  p e r io d s  o f  th e  p o s t-W o rld  War 

I p la n n e d  system s d iscussed  in C h a p te r  X II. T h u s ,  th e  evo lv ing  systems 
w ere s h a p e d  by fac to rs  a n d  tech n o lo g y  fro m  d if f e r e n t  s tages  in th e  history 
o f  e lec tric  su p p ly  system s. C o n s id e r , fo r  e x a m p le , th e  las tin g  im p rin t ol 
W orld  W ar I o n  th e  R h ein isch -W eslfa lisches E lek triz iia isw erk  (RW E) in 
G e rm an y ; th e  traces  o f  E dison  d ir e c t-c u r re n t u tilities  th a t co u ld  be found  
in th e  reg io n a l system  o f  th e  P ennsy lvan ia  P o w er & L ig h t C o m p a n y  (PP&L) 
in  th e  1920s; a n d  th e  in f lu e n c e  o f  th e  E lectric  L ig h tin g  A ct o f  1882 and  
th e  p o w er bills o f  1900 on  th e  N ew castle  u p o n  T y n e  E lectric  S u p p ly  C om 
pany  (N E S C O ) in E n g lan d .

M o reo v e r, reg io n a l system s evolved  so co m plex ly  th a t th ey  alm ost defy 
c o h e re n t d e sc r ip tio n . Som e utilities e x p a n d e d  by ac q u ir in g  o th e rs  a n d  then 
by techno log ica lly  in te g ra tin g  th e  o rg an iza tio n a lly  m e rg e d  system s so that 
e lectrically  th ey  fu n c tio n e d  as o n e . System s also  e x p a n d e d  th ro u g h  in te r
co n n ec tio n  w ith o th e r  u tilities. U sually  th e se  system s w ere  n o t in teg ra ted  
electrically  a n d  th e re fo re  w e re  n o t o p e ra te d  fro m  a s ing le  co n tro l cen ter. 
Each u tility  re ta in e d  its c o rp o ra te  id en tity  a n d  n e g o tia te d  c o n trac ts  for the 
ex c h a n g e  o f  p o w er o v e r  h ig h -v o ltag e  tie  lines. T h e  loosely co n n ec ted  sys
tem s w ere o f te n  called  “ in te rc o n n e c tio n s"  in th e  1920s.1

T o  lend  c o h e re n c e  to  th e  d esc r ip tio n  o f  th re e  m a jo r  evo lv ing  system s— 
RW E, N E SC O , a n d  PP& L— w ith o u t e lim in a tin g  th e ir  essen tia l diversity, 
th e  co n cep t o f  reg io n a l style will be em p lo y ed . In  g e n e ra l,  th e  regional 
system s o f  th e  in d u s tr ia l w orld  sh a re d  c ritical techn ica l p ro b lem s an d  em 
bo d ied  s im ila r so lu tio n s. Yet th e re  w ere specific  d iffe re n c e s  th a t im parted  
d is tinc tive  styles to  th e se  system s.

'Sam uel Insull, "Interconnection and Consolidation EITcct Vast Benefits to Consumer." 
Electrical Worl/I 90 (1927): 1087-90; Alex Dow. "Interconnections," ibid. 89 (1927): 451-Mi- 
Articles by engineers and managers who led the way in interconnection can be found in the 
"Symposium on I met connection Proceedings,” AIEE Transactions <17 (February 1928). Among 
the articles are W. E. Mitchell, "Progress and Problems . . . Interconnection in Southeastern 
Stales," pp. 382-91; P. M. Downing. "Some Aspects o f Pacific Coast Interconnections." pp- 
393-98: and I I. B. Gear, "Interconnection and Power Development in Chicago and the Middle 
West." pp. 399-404. T here  is also a bibliography, pp. 405-8.
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T h e  s im ila rities can  be p a rtia lly  ex p la in ed  by th e  ex is tence  o f  an  in te r 
n a tio n a l pool o f  tech n o lo g y  fro m  which th e  in d u s tria l na tio n s drew . M an
u fa c tu re rs  e n g a g e d  in in te rn a tio n a l tra d e , p a te n ts  w ere g en era lly  licensed 
fo r  in te rn a tio n a l use, scien tific  a n d  techno log ica l li te ra tu re  c ircu la ted  to  all 
o f  th e  w o rld ’s c e n te rs  o f  le a rn in g , co u rse s  in e n g in e e r in g  schools d escribed  
an d  ra tio n a lized  w orld  e x p e rie n c e  in e lectrical te ch no logy , a n d  en g in ee rs  
an d  in v en to rs  m oved  a n d  co n su lted  easily across n a tio n a l b o u n d a rie s . T e c h 
nology  t ra n s fe r  was no t so m u ch  fro m  p o in t to  p o in t o r  place to  place as 
f ro m  p lace to  pool to  p lace. The c o m m o n  tech no logy  o f  th e  pool was sh ap ed  
to  suit th e  place.

T h e  d iffe re n c e s  fo u n d  in th e  evolv ing  reg iona l system s— th e  essence o( 
sty le— stem m ed  m ostly  fro m  th e  non tech n o lo g ica l fac to rs  o f  th e  cu ltu ra l 
con tex t. T hese d iffe re n c e s  a n d  th e ir  causes n eed  to  be em p h asized  because 
they  a re  o f te n  o v e rlo o k ed  in o u r  e ra , which ten d s  to  ad v o ca te  a su p e r io r , 
a d v an ced  te c h n o lo g y — “th e  o n e  best w ay”— a way th a t tra n sc e n d s  reg ional 
a n d  n a tio n a l d if fe re n c e s .2 In  1909, C h a rle s  M erz, th e  ex p e rie n c e d  B ritish 
co n su ltin g  e n g in e e r , saw th e  d iffe re n c e s  in reg iona l tech n o lo g ies  a n d  in 
d irec tly  d e f in e d  style as follows: “T h e  p ro b lem  o f  p o w er su p p ly  in any 
d is tric t is . . . com p le te ly  g o v e rn e d  by local c o n d itio n s ." 3 T ech n o lo g ica l style 
can be d e f in e d  as th e  techn ica l ch arac te ris tics  th a t give a m ach in e , process, 
dev ice, o r  system  a d is tin c tiv e  quality . O u t o f  local c o n d itio n s  com es a 
tech no logy  in flu e n c e d  by tim e  a n d  place, a te chno logy  w ith a d istinctive 
style. T h e  local co n d itio n s  e x te rn a l to  th e  te ch no logy  can be d e f in e d  as 
c u ltu ra l fac to rs : th e  tech n o lo g y  they  sh ap e , a cu ltu ra l a r t ifa c t.4 A m o n g  the  
cu ltu ra l fac to rs  a re  g eo g rap h ica l,  econom ic , o rg an iza tio n a l, legislative, c o n 
tin g e n t h is to rica l, a n d  e n tr e p re n e u r ia l  con d itio n s. E a rlie r in th is s tudy , the  
co n tra s tin g  h is to rie s  o f  e lec tric  su p p ly  in L o n d o n , C hicago , a n d  B erlin  
su g g ested  th e  c o n cep t o f  te chno log ica l style a n d  th e  force o f  cu ltu ra l factors. 
T h e  fac to rs  d o  n o t o p e ra te  de te rm in is tic a lly  by sh a p in g  th e  techno logy  
th ro u g h  passive h u m a n  ag en ts  in th e  ro le  o f  c ra ftsm an , in v en to r, en g in ee r , 
m a n a g e r , a n d  fin an c ie r: th e  fac to rs  on ly  partia lly  sh a p e  techno logy  th ro u g h  
th e  m e d ia tin g  agency  o f  ind iv id u a ls  a n d  g ro u p s . N a tu ra l g eo g rap h ica l fea
tu re s , fo r ex am p le , a re  a g iven , b u t e n g in e e rs  a d a p t to, m odify , o r  variously 
use th em  by se lec tin g  o r  in v en tin g  an  a p p ro p r ia te  techno logy . T h e  factors 
com plex ly  a n d  system atically  in te rac t w ith techno logy  a n d  with o n e  a n 
o th e r . F u r th e rm o re ,  they  a n d  th e  re la tio n sh ip s  am o n g  th em  ch an g e  as a 
p o w er system  grow s.

O f  th e  c ircu m stan tia l fac to rs th a t sh a p e  th e  style o f  a reg iona l system , 
g e o g ra p h y  is th e  m ost obviously  in fluen tia l. W hen o n e  d e fin e s  g e o g rap h y  
as bo th  n a tu ra l a n d  h u m a n , as such  locational charac te ris tics  as c lim ate  a n d

7 Thom as P. H ughes. "Regional Technological Style," in Technology and Its Impact on Society: 
Teknisha Mused Symposia No. I (Stockholm: Tekniska Mnscel. 1979). pp. 212-14. Several 
sections in this chapter arc draw n in part from a revision of this essay.

5Charles II. Mcrz, "Power Supply and Its Effects on the Industries ol the North-East 
Coast,” Journal o f Iron and Steel Institute, September 1908. p. 4.

7 On the style o f material culture, see George Kubler, The Shape of Time: Remarks upon the 
History of Things (New Haven: Yale University Press, 1902), p. 129. For a study of the varied 
responses o f utilities to environm ental factors recently, see Marc J. Roberts and Jerem y S. 
Dltihm. The Choices of Rower: Utilities Face the Environmental Challenge (Cambridge. Mass.: 
Harvard University Press. 1981).
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seasonal varia tio n s in d ay lig h t,  th e  lo ca tion  a n d  c h a ra c te r  o f  rivers, lakes, 
a n d  seas, th e  availability  o f  m in e ra l d ep o s its , soil a n d  veg e ta tio n , elevations, 
t r a n sp o r ta tio n , in d u s try , a n d  d e m o g ra p h y , it becom es c lea r th a t it d ec id 
ed ly  sh ap es  th e  c h a ra c te r  o f  e lec tric  p o w er system s. T h e  g eo g rap h ica l in 
flu en ce  is especially  m a rk e d  in th e  cho ice  o f  en e rg y  so u rces  m ad e  by the 
e n g in e e rs  a n d  m a n a g e rs  o f  system s, as we have  a lread y  o b serv ed . T h is  
in flu en ce  is a lso n o tab le  in th e  lo n g -te rm  c h a ra c te r  o f  th e  load  c a rried  by 
a p o w er system .

G e o g ra p h y  p a rtia lly  d e te rm in e s  b o th  su p p ly  a n d  d e m a n d  fo r a utility. 
S u p p ly  d e p e n d s  o n  th e  availab ility  o f  coal a n d  o th e r  fue ls  in a reg io n . T h e  
in f ra s tru c tu re  o f  th e  r e g io n ’s t r a n s p o r ta tio n  system  also becom es highly 
re lev an t. E levations a n d  p rec ip ita tio n  a re  d e te rm in a n ts  o f  su p p ly  from  
h y d ro e le c tr ic  facilities. U tility  e n g in e e rs  c a re fu lly  m e a su re  snow  a n d  ra in 
fall to  p re d ic t  s p r in g  thaw s. M o reo v e r, th e  capac ity  o f  a u tility  to  exploit 
m in e ra ls  a n d  to  u se  th e  p o ten tia l e n e rg y  o f  w a te r  ch an g es  w ith th e  devel
o p m e n t o f  new  tech n o lo g y  as th e  system  b u ild e rs  e x te n d  th e ir  n e tw ork  of 
t ran sm iss io n  lines to  a cq u ire  an  eco n o m ic  m ix o f  en e rg y  su p p lie s  fo r the 
system .

O n  th e  d e m a n d  side, g e o g ra p h y , b ro ad ly  d e f in e d ,  is a lso m an ife sted  in 
t re n d s  a n d  cycles. T h e  c h a ra c te r  o f  d e m a n d  is sh a p e d  by th e  m ix o f  m ining, 
e lec trified  t r a n s p o r ta tio n ,  in d u s try , co m m erce , a n d  a g r ic u ltu re  in th e  re 
g ion  se rv ed  by th e  u tility . D iffe re n t in d u s tr ie s  load  th e  utility  in various 
ways. A n e lec tro ch em ica l p lan t takes  a s tead y  load  th ro u g h o u t  th e  twenty- 
fo u r  h o u rs  o f  a day ; a steel mill causes  a p eak  w h en  u s in g  la rg e  m o to rs  in 
its ro llin g  mill. A reg io n  w ith e lec trified  irr ig a tio n  p u m p s  m akes a heavy 
d e m a n d  on  a seasona l basis. W ith in  th e  re g io n , th e  loca tion  o f  th e  various 
loads, in c lu d in g  th e  p o p u la tio n , sh a p e s  th e  c h a ra c te r  o f  th e  d is tribu tion  
a n d  tran sm iss io n  n e tw o rk s  o f  th e  p o w er system . U tility  m a n a g e rs  m anage 
o r  m a n ip u la te  th e  load  by c h a rg in g  d if fe re n tia l  ra te s  a n d  by choosing  
c u s to m e rs  in so fa r  as re g u la tio n s  allow .

E conom ic a n d  g e o g ra p h ic a l fac to rs  a re  d ifficu lt to  s e p a ra te  in an  analysis 
o f  techno log ica l style. The e n g in e e rs  a n d  m a n a g e rs  o f  e lec tric  su p p ly  sys
tem s o p e ra te d  th e ir  u tilities in a c co rd an ce  w ith  eco n o m ic  con cep ts  such  as 
load  fac to r a n d  eco n o m ic  m ix , b u t th e  policy p rin c ip le s  based  o n  these 
co n cep ts  w ere  in f lu e n c e d  by reg io n a l g eo g ra p h y . T h e  loads a n d  supplies 
o f  en e rg y  w ere  site  specific  fo r each  utility , so th e  m a n a g e r  o f te n  had  to 
in v en t m ean s  o f  ra is in g  th e  load  fac to r o r  im p ro v in g  th e  econom ic  m ix o f 
en e rg y  sou rces . B ecause o f  g e o g ra p h ic a l c ircu m stan ces , th e  h ig h est achiev
ab le  effic iency  in so m e  o f  th e  b e s t-d es ig n ed  a n d  -m a n a g e d  u tility  system s 
was low er th a n  th e  effic iency  o f  system s th a t w ere  less well r u n . Sam uel 
Insu ll reco g n ized  th is w hen  h e  p o in te d  o u t th a t th e  c o m b in a tio n  o f  c heap  
p o w er a n d  n ea rb y  chem ica l load  a t N iag a ra  Falls re su lte d  in a p e rfo rm a n c e  
th a t cou ld  n o t be m a tch ed  by a C h icag o  utility .

T h e  o rg an iza tio n a l fo rm  o f  a u tility  a n d  its style a r e  inex tricab ly  in te r
w oven. M an ag e rs  a n d  fin an c ie rs  o rg a n iz e d  a n d  re o rg a n iz e d  utilities to 
facilita te  th e  s teady  e x p a n s io n  im plicit in reg io n a l p o w er techno logy . Re
g ional utilities in th e  1920s sh a re d  a cap ita l-in ten siv e  a n d  expansion istic  
d rive , b u t each  h ad  its ow n p a r tic u la r  o rg an iza tio n a l varia tio n . O n e  clas
sification  o f  o rg an iza tio n a l fo rm  is o w n ersh ip . In  th e  1920s, m an u fac tu re rs , 
banks, a n d  p riv a te  investo rs ow n ed  m any  o f  th e  evo lv ing  reg io n a l utilities
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in th e  U n ited  S tates— IM’&L fo r  ex am p le . O w n e rsh ip  was m ixed  p riva te  
a n d  g o v e rn m e n t in som e in stances in G e rm an y ; RW E is an  o u ts ta n d in g  
ex am p le . U ntil th e  estab lish m en t o f  th e  B ritish  G rid , th e  m a jo r evolving 
reg io n a l system  in E n g lan d  was th e  priva te ly  o w ned  N E SC O . C o n su ltin g  
e n g in e e r in g  firm s a n d  h o ld in g  com p an ie s  also gave o rg an iza tio n a l fo rm  to 
th e  reg io n a l u tilities, w hich th en  d iffe re n tia te d  a n d  d e f in e d  th e ir  ow n style.

As e a r lie r  c h a p te rs  o f  th is s tu d y  have show n , th e  ev o lu tio n  a n d  style of 
reg io n a l utilities can n o t be a d eq u a te ly  ex p la in ed  w ithou t re fe re n c e  to  p o l
itics, especially  leg isla tion . Legisla tion  m an ifests  th e  ideo logical, econom ic , 
a n d  social c h a ra c te r  o f  a c u ltu re . R egional u tilities h ad  rep ea ted ly  to  a cq u ire  
fran ch ise s  o r  m o n o p o lie s  in o rd e r  to  d e f in e  th e ir  su p p ly  a reas . A hostile  
leg is la tu re , in f lu en ced  fo r in stance  by c o m p e tin g  in te re sts , e ith e r  p riv a te  
o r  g o v e rn m e n ta l,  so m etim es w ithhe ld  th e  pow ers n e e d e d  by u tilities to 
e rec t tran sm issio n  lines o v e r th e  c o u n try s id e . As a p rice  fo r  rig h ts  an d  
m onopo lies , th e  leg isla tive bod ies usually  laid dow n  re g u la tio n s  g o v e rn in g  
ra tes  a n d  co n d itio n s  o f  supp ly . T h e se  re g u la tio n s  w ere so m etim es re s tr ic 
tive a n d  f ru s tra te d  in v estm en t a n d  g ro w th ; o f te n  they  a p p e a re d  to  be 
fra m e d  in a u tility 's  ow n best in te re s ts— a n d  in d eed  they  so m etim es w ere 
by pliab le  leg isla to rs. R egu la tions, o r  lack o f  reg u la tio n , also sh ap ed  style. 
T h e  m a p  o f  any  reg io n a l system  g rap h ica lly  rep re se n ts  th e  h is to ry  o f  leg 
islation a n d  reg u la tio n .

H isto ry  is o f te n  p o p u la r ly  im ag in ed  as th e  sto ry  o f  such  obvious events 
as w ars, rev o lu tio n s, a n d  sh if tin g  a lig n m en ts  o f  political pow er. F rom  the  
p o in t o f  view o f  utility  m a n a g e rs  a n d  en g in ee rs , these  h istorical c irc u m 
stances d eep ly  in f lu e n c e  th e  c h a ra c te r  o f  po w er system s, b u t because  these  
forces a re  u n p re d ic ta b le  a n d  bey o n d  th e ir  co n tro l, they  a re  co n tin g en t. 
T h e  utilities risk p re d ic tin g  a n d  p lan n in g  fo r  lo n g -ran g e  d e m o g ra p h ic  an d  
econom ic  t re n d s  o r  p ro jec tio n s , b u t c a ta s tro p h ic  historical even ts  a re  b e 
yond  ra tio n a l ca lcu la tion . N everthe less , they  he lp  d e te rm in e  th e  tec h n o 
logical style o f  p o w er system s because  d iffe re n t u tilities in d iffe re n t reg ions 
an d  c o u n tr ie s  feel th e  e ffec ts o f  d iffe re n t c o n tin g e n t c ircum stances. As 
n o ted . W orld  W ar I variously  sh a p e d  u tilities in G e rm an y , B rita in , a n d  the  
U n ited  S tales. O f  th e  evolv ing  reg io n a l system s. RW E show s m ost obviously 
th e  im m ed ia te  a n d  las ting  effec ts  o f  th e  war.

A lth o u g h  utility  m an ag e rs  a n d  e n g in e e rs  cou ld  no t co n tro l c o n tin g en t 
ev en ts  such  as w ars a n d  d ep re ss io n s , they  n ev erth e less  so u g h t th ro u g h  th e  
o rg an iza tio n  o f  reg io n a l u tilities a n d  th e ir  re la ted  technical charac te ris tics  
to  e x te n d  th e ir  co n tro l o v e r fac to rs  o u ts id e  th e  e lectric  su p p ly  system . In 
th e  1920s, especially  in G erm an y , they  a tte m p te d  a n d  o ften  su cceed ed  in 
t ra n s fo rm in g  in flu en ces a n d  forces o n ce  a p a r t  o f  th e  system 's e n v iro n 
m e n t— by d e fin itio n , beyond  its co n tro l— in to  a la rg e r  system  u n d e r  c on tro l 
o f  th e  m an ag e rs  a n d  e n g in ee rs . In  sh o rt,  th e  e n v iro n m e n t becam e p a r t  o f  
th e  system . E x p an d in g  vertically  tow ard  th e ir  sou rces o f  e n e rg y , reg iona l 
utilities a c q u ire d  h a rd -  a n d  sofl-coal m ines. T h e y  also acq u ired  th e  tra n s 
p o r ta tio n  a n d  m a te ria ls -h an d lin g  facilities tha t m oved  th e  coal to  th e  p ow er 
p lan ts. In  a d d itio n , th e  reg iona l utilities exch an g ed  pow er w ith la rg e  in 
d u s tr ie s  possessing  iso lated , o r  in d e p e n d e n t, p ow er p lan ts. In  o th e r  cases, 
in te rlo ck in g  b o a rd s  o f  d irec to rs  v irtually  in te g ra te d  reg iona l u tilities a n d  
the ir  m ajo r industria l consum ers. In addition  to  horizontal expansion  th ro u g h  
m e rg e r , a vertical ex ten sio n  in to  sou rces ol supp ly  a n d  sections o f  d e m a n d
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was m a d e /’ In  th is way, system  b u ild e rs  in te g ra te d  elec tric  p ow er systems 
in to  reg io n a l in d u s tr ia l  system s. T h is  p rocess  o f  vertical in teg ra tio n , o f 
b eco m in g  a c o m p o n e n t in a reg io n a l in d u s tr ia l system , also in flu en ced  the 
reg io n a l p o w er sy s te m ’s style.

T h e r e  w ere  also  su p ra in d u s lr ia !  system s, loose c o n fe d e ra tio n s  in which 
re g io n a l e lec tric  system s w ere  lin k ed  to  o th e r  in d u s tr ia l e n te rp r is e s  no t by 
te c h n o lo g y  b u t by su ch  in f lu e n c e  c o u p le rs  as in te r lo c k in g  b o a rd s  o f  d irec 
to rs  a n d  c a r te l a g re e m e n ts . F o r in s tan ce , p o w e r utilities w ere  loosely in 
te rc o n n e c te d  w ith  e lec trica l m a n u fa c tu re rs  th ro u g h  o w n e rsh ip  ties and  
c o m m o n  b o a rd  m e m b e rs . S u ch  loose co n n e c tio n s  sub stan tia lly  in fluenced  
th e  style o f  u tilities  b ecau se  an  e lec trica l m a n u fa c tu re r  a n d  u tility  could 

jo in tly  p lan  a n d  d es ig n  e q u ip m e n t th a t w ou ld  best su it th e  ch aracteristics 
o f  th e  e lec tric  su p p ly  system  o r  c o u ld  m od ify  su p p ly  charac te ris tic s  to  suit 
a  g iven  load .

T o  show  th e  c o n tra s tin g  sty le o f  th e  R W E, N E S C O , a n d  PP& L systems, 
a p ro f ile  o f  th e  c h a rac te r is tic s  a n d  h a llm a rk s  o f  each  will be  p re se n te d  (see 
T a b le  X IV . 1). A su rv ey  o f  th e  v a rio u s fac to rs  sh a p in g  th e ir  s tyle will follow. 
T h e  in f lu e n c e  o f  th e se  fac to rs  d u r in g  th e  tw en tie s  will be ex am in ed  in 
d e ta il. T h e  first to  be  d iscu ssed  was th e  m ost co m p lex  o f  th e  th re e  evolving 
system s. In  th e  1920s th e  R hein isch -W estfa lisch es E lek triz ita tsw erk  AC 
(R W E ), r a n k e d  f irs t in  in s ta lled  capac ity  in G e rm a n y  (see Fig. X IV . 1). It 
o p e ra te d  th e  la rg es t-cap ac ity  c o a l-fired  p o w e r p la n t in th e  w orld . In  1924 
th e  to ta l in s ta lled  cap ac ity  o f  th e  u tility ’s g e n e ra t in g  p la n ts  was 475 ,000  kw. 
N o tab ly , th e  m a n a g e rs  o f  R W E h a d  c o n c e n tra te d  3 6 5 ,0 0 0  kw., o r  76 p e r
c e n t o f  th e  to ta l, in tw o p lan ts , th e  G o ld e n b e rg w e rk  n e a r  C o lo g n e  an d  the 
R eisho lz  n e a r  D iisse ld o rf. T h e  G o ld e n b e rg  p la n t, p laced  in  o p e ra tio n  in 
1914 a n d  la te r  n a m e d  fo r  its d e s ig n e r , f ire d  b ro w n  coal ta k e n  fro m  a nearby  
o p e n  m in e  o w n e d  by th e  R o d d e rg ru b e  A G. T h e  h ig h -v o ltag e  n e tw o rk , with 
its 100,000- a n d  200,000-volt transm ission  lines, linked  th e  g e n e ra tin g  plants 
a n d  th e  sy s te m ’s load . In  1929 th e  e x te n s io n  o f  a 220-kv . line  250  k ilom eters 
so u th w a rd  fro m  C o lo g n e  to  a h y d ro e le c tr ic  p lan t in  th e  V o ra r lb e rg  in the 
A lps su b s ta n tia lly  a ffe c te d  th e  c h a ra c te r  o f  th e  system . R W E th u s  began 
o p e ra t in g  a n  ec o n o m ic  m ix  o f  e n e rg y — b ro w n  coal, h a rd  coal, a n d  th e  w hite 
coal o f  th e  A lps. T h e  u tility  m a d e  m u c h  o f  its ab ility  to  ex c h a n g e  pow er 
b e tw een  th e  m in e -m o u th  p la n ts  o f  th e  C o lo g n e  d is tr ic t,  th e  d e e p  m ines ol 
th e  R u h r  valley, a n d  th e  w a te r-p o w e r sites o f  th e  A lps. In  J a n u a ry  1930 
R W E  p ro v id e d  f u r th e r  flex ib ility  to  its system  by p lac in g  in to  o p e ra tio n  
n e a r  H e rd e c k e  o n e  o f  th e  e a r lie s t p u m p e d -s to ra g e  p o w e r p lan ts , w hich it 
n a m e d  fo r  th e  p la n t’s d e s ig n e r ,  A r th u r  K o e p c h e n /’

♦ All i ed I). C handle r, J r ., ill The Visible Hand: The Managerial Revolution in American Business 
(Cam bridge, Mass.: H arvard  University Press. 1977). explores the increased capability of 
m anagers to coord inate  and control m anufacturing  and transporta tion  en terprises as they 
e xpanded  by vertical integration to acquire raw material and distribution facilities. He does 
not deal with electrical utilities.

" I am indebted  to Ed T odd , a teaching assistant at the University o f  Pennsylvania, for 
research assistance on RWE's history. For sum m ary histories o f RWE, see Ernst Schmelchcr, 
RW E, 1898-1934  (Essen: RWE. 1954?): and Das RW E nach seinen Geschdftsberichten, 1898- 
1948 (Essen: RWF., 194R). T h e  1924 statistics for RWE are  from  p. 38 o f  the last-named work. 
O n RWE see also Camillo Asriel. Das RW E: Ein Beitrag zur Erforschung der Modemen Elekln- 
litdtswirtschaft (Zurich: G irsberger, 1930); Eleclrotechnische Zeitschrifl 47 (1926): 65-67 and 104-
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Table X IV .1. Regional Style: Technical Characteristics of Three Power Systems, c. 1924

Characteristic
Hheinisch-W estfUlriches Newcastle upon Tyne Electric Tennsytvania Power
Eleklriiitdtswerk Supply Co. Light Co.

Area 17.500 sq. mi. (1930) 1.400 sq. mi. (1924) c. 5.000 sq. mi. (1924)
System Installed Capacity (year) 475,000 kw. (1924) 250,000 kw. (1924) 200.000 kw. (1924)
Rating o f Two Largest Power Sta G oldenbcrgwcrk (290.000 D unston (71.000 kw.) (28%) Hauto (70,000 kw.) (35%.)

tions (% o f  system capacity) kw.) (61%) 1924 1924 1924
Rcisholz-Wcrk (75,000 kw.) Carville " B '• (55,000 kw.) Harwood (41,500 kw.) (21%)

(15%) (22%) 1924 1924
Energy Sources lignite (open face) and hard 

coal
hard coal and waste heal low-grade anthracite

Cooling System cooling towers at Coldcnberg river water river water
Transmission Voltages 66.000; 110.000; 220.000 22.000; 66,000 66,000; 220.000
Transmission Frequency (cycles/ 50/3 40/3 60/3

phase)
E ntrepreneur Hugo Stinnes Charles Merz S. Z. Mitchell
Ownership mixed: government and pri

vate shareholders
private shareholders holding company (private)

Sources: Footnotes o f  this chapter.
•Figures are not available for ihe kw. capacity of NESCO's North Tees Central Staiion. In 1924 ii may have been larger than that o 

Carville “B." 8

T h e  g e o g ra p h y  o f  th e  R u h r  reg io n  sh a p e d  th e  c h a ra c te r  o f  th e  RWE 
system . T h e  R u h r  h ad  th e  la rg est hard -co a l d ep o sits  in G erm an y . Deep 
hard -co a l m in es su p p lie d  fuel fo r  RW E p lan ts  a n d  used  p o w er fro m  the 
RW E system  fo r  p u m p s  a n d  o th e r  m echan ica l e q u ip m e n t. T h e  first RW E 
g e n e ra tin g  p lan t was c o m p le ted  in 1900 a t th e  site o f  th e  V icto ria  M athias 
m in e  in Essen (see Fig. X IV .2). Less th a n  100 k ilom eters  f ro m  th e  h ea rt 
o f  th e  R u h r  w ere  th e  relatively  u n ex p lo ited  brow n-coal dep o sits  west o f 
C o logne . A fte r  W o rld  W ar I th ese  w ere increasing ly  m in ed  usin g  s trip , o r  
o p en -face , tech n o lo g y . M oreo v er, w ith in  econom ical tra n sp o rta tio n  ran g e  
o f  th e  coal m ines w ere  th e  iro n -o re  dep o sits  o f  Sw eden  a n d  S pa in ; th e  
R h ine , its tr ib u ta r ie s , a n d  re la ted  canals m ad e  possible th e  im p o rta tio n  o f  
iron  o re  fro m  a b ro a d .

T h e  p re se n c e  o f  coal, th e  p ro x im ity  o f  iro n  o re , a n d  th e  availability  o f  
econom ica l m ean s  o f  t ra n sp o r ta tio n  all co n tr ib u te d  to  th e  ind u stria liz a tio n  
o f  th e  R u h r  a n d  low er R hine. T h e  rise  o f  th e  steel in d u s try  located  m a jo r 
po w er co n su m e rs  in th e  reg io n  su p p lie d  by RW E. T h e  K ru p p  C o m p an y  
h ad  its h e a d q u a r te rs  in E ssen, as d id  RW E. T h e  e stab lish m en t o f  heavy- 
chem ical p lan ts  a lo n g  th e  R h in e  p ro v id ed  RW E w ith o u ts tan d in g ly  fav o r
ab le  load  ch arac te ris tics . In  su m , steel m ak ing , coal m in ing , heavy en g i
n e e r in g , a n d  chem ica l m a n u fa c tu re  tu rn e d  cities a n d  tow ns like Essen a n d  
G e lsen k irch en  in to  d en se ly  p o p u la te d  cen te rs  a n d  a d d e d  d iversity  to  th e  
utility ’s load . S om e o f  th e  la rg est ind u stria l e s tab lish m en ts  g e n e ra te d  th e ir  
ow n p o w er in iso lated  p lan is , b u t ov e r th e  years R W E ’s m a n a g e m e n t p e r 
su a d e d  m any  o f  th ese  to  e x ch an g e  pow er w ith RW E o r  even  becom e co m 
plete ly  d e p e n d e n t  o n  its system . R W E grew  rap id ly  b ecause its e n g in ee rs  
a n d  m an ag e rs  in te g ra te d  th e  u tility  in to  th is su p ra in d u s tr ia l  system  (see 
Fig. X IV .3).

8; anti G erhard Deline. Deutschlands Grosskraftversorgung (Berlin: Springer. 1928). On the 
economic geography and history of the Ruhr, see Norman J. G. Pounds. The lluhr (London: 
Faber Sc Faber. 1952).



410 N E T W O R K S  O F  P O W E R

M,o kWh

Figure X IV .I. Installed capacity (kilowatts) (left) and production (kilowatt-hours) (righl) of RWE. 1900-1927. From Dehne. Deulschlands 
C.rosskrafivcrsorgung. pp. 61-64.

R W E ’s m a n a g e rs  a p p lied  (he  e c o n o m ic  p r in c ip le s  o f  load  fac to r and  
eco n o m ic  m ix to  exp lo it th e  g e o g ra p h ic a l s itu a tio n , a n d  th u s  th ese  p r in 
cip les m a d e  th e ir  d is tin g u ish in g  m ark  o n  th e  utility 's  style. As early  as 1906, 
surveys o f  th e  d e v e lo p in g  field  o f  cen lra l-s ta tio n  elec trica l su p p ly  in  G er
m any  sin g led  o u t R W E as an  o u ts ta n d in g  ex a m p le  o f  su p p ly  a n d  load 
m a n a g e m e n t. A t th a t tim e , th e  m a n a g e rs  o f  RW E w ere  in te g ra tin g  the 
fo rm erly  in d e p e n d e n t ,  o r  iso la ted , g e n e ra tin g  p lan ts  o f  th e  R u h r  coal m ines 
in to  th e  e m e rg in g  R W E system . T he m in es d re w  su p p le m e n ta ry  pow er 
fro m  th e  RW E system  d u r in g  th e ir  p e r io d  o f  heaviest d e m a n d , 6  a . m . to 
2 r .M .; at o th e r  tim es, th e  m o re  e ffic ien t g e n e ra tin g  p lan ts  at th e  m ines 
fed th e ir  excess p o w er in to  th e  R W E sy stem .7

The in te g ra tio n  o f  RW E in to  a w id e sp re a d  in d u s tr ia l  system  a n d  the 
ap p lica tio n  o f  system  econom ics re su lte d  in p a r t  fro m  th e  in flu en ce  o r 
H u g o  S tin n es a n d  A ugust T h y sse n , w ho  in 1902 acq u ire d  c o n tro l o f  RW E 
th ro u g h  a co n so rtiu m . B eg in n in g  as an  o w n e r  o f  coal m ines, S tin n es (1870— 
1924) b ecam e o n e  o f  th e  m ost re so u rc e fu l system  b u ild e rs  in G e rm an y , if 
n o t in th e  w orld . T h e  first o f  R W E's p o w er p lan ts  was loca ted  a t h is V ictoria

’ "Professor Baum." "Bcinage zur Frage tier Krafierzeugiing und Kraftverwertung auf 
Bcrgwcrken." Glueckauf 42 (1906): 1137-54: Electrical World 47 11906): 81 1.
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M athias m in e  in Essen. S lin n es conce ived  o f  e lectric ity  as a way of pooling  
en e rg y  in to  a g en e ra lly  usab le  fo rm .8

As early  as 1902, S linnes, w ho becam e c h a irm a n  o f  RW E, associated  
h im se lf w ith th e  eco n o m ic  a n d  techn ica l p rin c ip les  o f  such  bold  concep- 
tu a lize rs  o f  e lec tric  p o w er system s as S am uel Insu ll, w ho env isaged  th e  mass 
p ro d u c tio n  a n d  m a rk e tin g  o f  e n e rg y  b e in g  fu r th e re d  by ra tio n a liza tio n  ol 
p ro d u c tio n  facilities. As S tin n es w ro te  in th e  utility 's 1902 re p o rt,

We do not con sider it ou r goal to exploit ou r m onopoly in various districts by 
limited output at high prices as is the practice with most local suppliers, but 
believe ou r responsibility to ourselves and o u r custom ers, especially die railroads 
and industry, is to supply  pow er at (he lowest possible price and in largest 
possible quantities. T h ro u g h  the rational utilization o f  gen erating plants and 
distribution netw ork, we shall regularly  establish ou r rates on the basis o f  
reduced costs."

T h e  o rg an iza tio n a l fo rm  a n d  o w n ersh ip  o f  RW E evolved com plexly . 
W hen  S lin n es set o u t to  e stab lish  a sing le  su p p ly  system  fo r th e  R u h r reg ion , 
th e  c o m p an y  p ro c e e d e d  to  p u rch ase  o th e r  u tilities, privately  a n d  g o v e rn 
m en t o w n ed — fo r in stance , th e  E lek triz ita tsw erk  B erggeist AG in B iiih l 
an d  th e  B erg ishes E lck lriz ita lsw erk  in S olingen  in 1905. RW E neg o tia ted  
co o p e ra tiv e  a r ra n g e m e n ts  w ith local g o v e rn m en ts  that not on ly  e n la rg e d  
the u tility ’s a rea  o f  su p p ly  bu t also p ro v id ed  exp an sio n  cap ita l. F u r th e r 
m o re , th e  a r ra n g e m e n ts  re su lted  in RW E's system atic  involvem ent with 
co n su m ers  a n d  u tility  reg u la to rs . By 1910, co m m u n ities  such  as So lingen ,

" Electrical World 19 (1907): 629.
VHWE GnehafLibrrithlrn. |>. 12; on Slinnes sc«- Gcil von Klass. Hugo Slinnrs (T iiliingrn: 

Rainer W underlich. I9!>8).
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Figure X IV.3. The RWE system. 1907.
From Dehnr. Dcutschlancls 

C.rosskraftvcrsorgung, f>. 27.

R u h ro r t .  a n d  ih e  d is tric t o f  Essen w ere  p u rc h a s in g  R W E slock and  taking 
electric  su p p ly  fro m  th e  u tility . S tock  o w n e rsh ip  b ro u g h t th e  local govern 
m en ts  m e m b e rsh ip  on  th e  c o m p a n y ’s adv iso ry  c o m m itte e  (b o a rd  o f  d irec
to rs). At th a t lim e, local g o v e rn m e n ts  h a d  co n s id e ra b le  in f lu en ce  in d e te r
m in ing  the  policy o f  th e  m ixed -ow nersh ip  e n te rp rise s  th a t supp lied  electricity 
to  th e m .10 Political p o w er a n d  th e  c o n s titu tio n a l a r ra n g e m e n ts  o f  the local 
g o v e rn m e n ts  in th e  a re a  o f  R W E su p p ly  fac ilita ted  th e  in te g ra tio n  o f  gov
e rn m e n t-o w n e d  a n d  p riv a te  utilities a n d  e n c o u ra g e d  m ix ed  ow nersh ip , 
which was no t th e  case in e ith e r  th e  U n ite d  S la te s  o r  E n g lan d . T h is  factor 
grea tly  a ffec ted  th e  cha rac te ris tic s  o lT h e  R W E system .

D u rin g  th e  first tw o d ecad es  o f  its ex is ten ce , R W E  sp re a d  its area  of 
supp ly  in to  a reg io n  c e n te re d  on  th e  R u h r  valley a n d  evolved  in to  a m ixed- 
o w n ersh ip  e n te rp r is e  w ith ab o u t h a lf  o f  its sh a re s  in th e  h a n d s  o f  local 
g o v e rn m e n ts  a n d  th e  o th e r  h a lf  in th e  h a n d s  o f  p r iv a te  investors. N ego
tia tions b e tw een  th e  u tility  a n d  local g o v e rn m e n ts  in  th e  P russian  provinces 
o f  R h in e lan d  a n d  W estp h a lia  (w hich en c o m p a sse d  th e  R u h r  reg ion ) were 
facilita ted  b ecau se  in d u s tr ia l le ad e rs , allied  w ith  S lin n es  in m atte rs  p e r
ta in in g  to  coal, iro n , steel, a n d  chem ica ls, w e re  in f lu e n tia l in local govern
m en t. T h e  in g en u ity  a n d  co m plex ity  o f  th e  n e g o tia tio n s  th a t culm inated  
in th e  m ix ed -o w n ersh ip  s tru c tu re  is su g g es ted  by an  e p iso d e  involv ing  RWE 
an d  th re e  utilities ow n ed  by local g o v e rn m e n ts . T h e  c o n fro n ta tio n  was 
reso lved  by n e g o tia tio n s  d u r in g  th e  p e r io d  1 9 0 6 -8 . In  1906 RW E reached 
o u t to w ard  th e  city o f  D o rtm u n d  a n d  its en v iro n s  by b u ild in g  a power 
s ta tion  to  su p p ly  th e  d is tric t a n d  o b ta in in g  su p p ly  concessions. It offered  
to  p u rch ase  D o r tm u n d ’s c ity -ow ned u tility , b u t th e  city re fu se d  and , sup
p o rte d  by B erlin  ban k s a n d  th e  e lec trica l m a n u fa c tu re r  A llgem eine Elek- 
im ila ts -G ese llsch a ft, e n la rg e d  its ow n p lan t. T h e  ex p an sio n is tic  policy of 
RW E was fu r th e r  f ru s tra te d  by tw o o th e r  local g o v e rn m e n t utilities in the 
reg io n , o n e  based  at th e  city o f  B ochum  a n d  th e  o th e r  a t H ag en . A solution

10 Elehtrotechnische ZeUschnft 30 (1900): 1226; 47 (1026)- 107- 29 (1908): 662; 31 (1910): 
1262: 47 <19261: 106-7
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to  th e  sta lem a te  was fo u n d  w hen  S tin n es a n d  his associates a n d  th e  D o rt
m u n d  u tility  a g re e d  to  fo rm  a new  u tility  to  tak e  o v e r th e  R W E p o w er 
p la n t n e a r  D o r tm u n d  a n d  th e  concessions RW E h a d  recen tly  a c q u ire d  
th e r e ."  B o th  D o r tm u n d  a n d  R W E w ou ld  ow n stock  in  th e  new  c o m p an y .

T h e  g ro w th  o f  R W E was d eep ly  a ffec ted  by th e  sev ere  stresses  o f  W orld  
W ar 1 a n d  th e  V ersailles p eace  s e ttlem en t. T h e  y ea r b e fo re  th e  con flic t 
e ru p te d ,  RW E c o m p le ted  a p o w er sta tio n  a t K napsack  in th e  b row n-coa l 
d is tr ic t so u th w es t o f  C o lo g n e . E q u ip p e d  w ith tw o 15,000-kw . tu rb o g e n e r 
a to rs , th e  p lan t u sed  b ro w n  coal, o r  lign ite , tak en  by th e  o p e n -fa c e  m e th o d  
fro m  m ines o w n ed  by th e  R o d d e rg ru b e  A G, a m in in g  co m p an y  w ith w hich 
RW E c o n c lu d e d  a su p p ly  c o n trac t. T h is  coal h a d  on ly  o n e - fo u r th  to  on e- 
f ifth  th e  ca lo ric  va lue  o f  h a rd  coal. D u rin g  th e  w ar, d e m a n d  fo r  en e rg y  
fro m  th e  w ar-s tim u la ted  m a n u fa c tu re rs  o f  a lu m in u m , n itra te s , c a rb id e , a n d  
o th e r  m a te ria ls  c au sed  R W E to  e x p a n d  its K napsack  p la n t g rea tly . Six 
15,000-kw . tu rb o g e n e ra to rs  w ere  a d d e d , a n d  b e fo re  h e  d ied  in  1917, th e  
e n g in e e r  a n d  d e s ig n e r  o f  th e  s ta tio n , B e rn h a rd  G o ld e n b e rg , com m issioned  
th e  in sta lla tio n  o f  tw o 50 ,000-kw . un its , tu rb o g e n e ra to rs  th a t w ere  la rg e r  
th a n  any  o th e rs  in  th e  w orld  (see Fig. X IV .5). As a m em o ria l, th e  po w er 
s ta tio n  was la te r  n a m e d  fo r  G o ld e n b e rg .

RW E c o n c e n tra te d  its capac ity  a t th e  G o ld e n b e rg w e rk  because  o f  th e  
sav ings th a t co u ld  be rea lized  in c o p p e r , t r a n sp o r ta tio n , a n d  labo r. T h e  
very  la rg e  u n its  u sed  less c o p p e r  th a n  a n u m b e r  o f  sm all o n es  su p p ly in g  
th e  sam e o u tp u t ;  m a te r ia ls -h a n d lin g  e q u ip m e n t m oved  th e  b ro w n  coal to  
th e  p o w er s ta tio n , th u s  re liev in g  th e  ra ilro ad s  o f  th e  b u rd e n  o f  tra n s p o r tin g  
low -caloric fuel. E nd less  ch a in s  p u lled  w agons, a n d  g rav ity  bucke t-convey- 
o rs  re d u c e d  lab o r. F ro m  5 ,0 0 0  to  10,000 to n s o f  lign ite  co u ld  be m oved  
daily . T ran sm is s io n  lines c a rr ie d  100,000  volts o f  electric ity  to  load  cen te rs . 
B ecause s itin g  a t th e  coal d ep o s its  p re c lu d e d  location  o f  th e  p la n t n e a r  a 
n a tu ra l so u rce  o f  coo lin g  w ater, a b an k  o f  co o lin g  tow ers was b u ilt to  serv ice 
th e  tu rb in e  c o n d e n s e rs .12

W h en  peace  cam e, R W E c o n tin u e d  to  e x p a n d  th e  G o ld en b e rg w erk . T h e  
T re a ty  o f  V ersailles s tr ip p e d  G e rm a n y  o f  40  p e rc e n t o f  its p re w a r  h a rd -  
coal su p p ly , a n d  th e  re p a ra tio n s  a g re e m e n t called  fo r  th e  e x p o r t o f  h a rd  
coal. N o t on ly  RW E, b u t G e rm a n y ’s p ub lic  utilities g en era lly , sh ifted  to  
b ro w n  coal. In  1913, 23 p e rc e n t o f  th e  fuel b u rn e d  was lign ite ; by 1922, 
41 p e rc e n t was. In  1924 th e  G o ld en b e rg w erk  h a d  a capacity  o f  2 9 0 ,000  
kw., o r  60  p e rc e n t o f  th e  to tal capacity  installed  by RW E (see Figs. X IV .6  
a n d  X IV .7 ) .13

W h en  th e  G e rm a n  g o v e rn m e n t b eg an  e x p o rtin g  h a rd  coal to  m ee t th e  
re p a ra tio n s  d e m a n d s  laid  do w n  at th e  S pa C o n fe re n c e  in 1920, R W E ’s

"  Ibid. 27 (1905): 82 8 :25Jahre Vereinigte Elektrizilalswerke Westfalen, !925-1950 (D ortmund: 
VEW. 1950). pp. 12-13; “Strom vcrsorgung dcs Rheinisch-Weslfalischen Industriebezirks," 
Elektrotechnische Zeitschrift 28 (1907): 243-^14.

12 Dchnc. Deutschlands Grosskraflversorgung, pp. 57-59, 62; RWE Geschaflsberichlen, pp. 28- 
3 1; "R epon on Electric Power Supply Developments in Germany: Zone of British Occupation, 
16 July 1919," Merz 8c McLellan "R e|xm s and Tests" (vol. 1/24. folio 29) Tyne and Wear 
County Council Archives, Newcastle upon Tyne. England (no author o f this typescript is 
given); and Elektrotechnische Zeilsehrift 34 (1913): 1388; 38 (1917): 430-31; 41 (1920): 455; 43 
(1922): 55.

”  Dchnc, Deutschlands Grosskraftversorgung, pp. 50-51, 62; RWE Geschaftsberichten, p. 31.
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h a rd -co a l-fired  p lan ts  failed to  receive a n  a d e q u a te  su p p ly  o f  th e  fuel. Evei 
m o re  d e p e n d e n t  on  its G o ld e n b e rg  p lan t a n d  th e  n ea rb y  su p p ly  o f  brown 
coal fro m  th e  V ere in ig te  V ille a n d  B e r re n ra th  m ines o w n ed  by th e  Braun- 
k o h le n -u n d  B rik e tw erk e  R o d d e rg ru b e  A G, R W E's m a n a g e rs  s o u g h t a surer 
m ean s o f  g u a ra n te e in g  su p p ly . T h e y  be lieved  th a t a c o n tra c tu a l re la tion
sh ip  was n o t a d e q u a te  fo r  th e  fu tu re ;  th e  n e e d s  o f  th e  G o ldenbergw erk  
cou ld  n o t be spec ified  ov er a n u m b e r  o f  years , a n d  R o d d e rg ru b e  would 
give p rio rity  to  th e  d e m a n d  fo r b row n-coa l b r iq u e tte s . U n d e r  these c ir
cu m stan ces, R W E n eg o tia ted  an  Interessengevieimchaft ("poo ling  ag ree
m e n t”) w ith R o d d e rg ru b e . S igned  in 1920, th e  a g re e m e n t p re se rv ed  the 
legal in d e p e n d e n c e  o f  bo th  p a rtie s , b u t tu rn e d  o v e r th e  m an ag em en t of 
R o d d e rg ru b e  to  RW E. T h e  n in e ty -y ea r a g re e m e n t also specified  how p ro f
its to  th e  tw o p a rtie s  w ould  be po o led  a n d  d iv id ed  a m o n g  th e  respective 
sh a re h o ld e rs . T h e  new  m a n ag e ria l a r ra n g e m e n t  gave p r io r ity  to  supply  of 
th e  G o ld e n b e rg w e rk .14

W an tin g  to  g u a ra n te e  a su p p ly  o f  h a rd  coal fo r  o th e r  g e n e ra tin g  stations 
in so fa r as re p a ra tio n s  a n d  g o v e rn m e n t a lloca tions a llow ed, RW E also ne
g o tia ted  a sim ila r hileressengemeimchaft w ith th e  su p p lie rs  o f  its gene ra tin g  
facilities in Essen. In  1921 -2 2  RW E fu r th e r  e n s u re d  its co n tro l over the 
hard -coa l m ines by a c q u ir in g  th e ir  stock th ro u g h  an  e x ch an g e  o f  stock 
m ad e  possib le  by th e  su b stan tia l increase  in RW E cap ita l shares. W ith its 
e n e rg y  base estab lish ed , RW E looked  fo rw a rd  to  e x p a n d in g  its supply 
a r e a .15

I he RW E R o d d e rg ru b e  hileressengemeinschaft facilita ted  coo p e ra tio n  in 
m a tte rs  less obvious th an  p ro fil a n d  th e  allocation  o f  b row n-coal p roduc-

"  Kiilmuht ZrituHg, 0 miri I‘I .Sipicnilirr 1920.
"  liW I\ (irsrhaflsbrrirlitrn. pp. S0-3I.



Figure XIV.6. Comparative costs of 
transporting hard coal (Sleinkohlc), 

brown coal (Rohbraunkohle), and brown- 
coal briquettes (Braunkohlenbrikcits).

From Dehne, D eutsclilands 
C rosskrafiversorgung, p. 52.
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Figure XIV.7. Percentage o f hard coal 
(Sleinkohle), brown coal (Braunkohle), 

and water power (Wasscr) in energy use of 
public electric utilities in Germany. 1913 
and 1922. From Dehne, Dculschlands 

Grosskraflvcrsorgung, p. 51.
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lion . Ii a lso fu r th e re d  c o o p e ra tiv e  tech n o lo g ica l a rra n g e m e n ts . B ecause  th e  
a g re e m e n t e x te n d e d  o v e r  a p e r io d  o f  n in e ty  years, c ap ita l co u ld  p ru d e n tly  
be invested  in  physical facilities th a t tied  th e  p a r tn e rs  to g e th e r . T h is  m e a n t 
th a t m o re  m a te r ia ls -h a n d lin g  e q u ip m e n t co u ld  be co n s tru c te d  to  m ove 
b row n  coal f ro m  th e  o p e n -p it  m in e  to  th e  b ro w n -co a l-co n su m in g  po w er 
p lan t. In  th e  1920s, o v ersized , d re d g e -lik e  s team  shovels rem o v ed  th e  ov 
e rb u rd e n  o f  soil, a n d  en d le ss -ch a in  cu lle rs  r ip p e d  aw ay th e  b ro w n  coal a n d  
d u m p e d  it in to  cars  d ra w n  by electrically  d r iv e n  cog-w heel locom otives 
d irec tly  to  th e  p o w e r p la n t .16 (See Figs. X IV .8 -X IV .1 1 .)

H av in g  b e e n  in ex is ten ce  fo r  a lm ost a q u a r te r  o f  a c e n tu ry , by 1920 RW E 
h ad  an  id en tifiab le  c h a ra c te r  a n d  a tra d itio n , o r  m o m e n tu m . F ru g a l in  its 
use o f  en e rg y , tak in g  th e  c ra f tsm a n ’s a n d  e n g in e e r ’s p r id e  in a h ig h  level 
o f  techn ica l effic iency , e ffec tiv e  in  ra is in g  cap ita l fo r  ex p a n s io n , flex ib le  
a n d  p ra g m a tic  in  its assoc ia tions w ith political au th o ritie s , in nova tive  in its 
o rg a n iz a tio n  o f  m ix e d -o w n e rsh ip  u tilities, c o m m ited  to  th e  m ass p ro d u c tio n  
o f  en e rg y  a n d  to  te rr i to r ia l  ex p a n s io n , a n d  sh a p e d  by h istorical c o n tin 
g encies, R W E h a d  a rich  e x p e rie n c e  fro m  w hich  to  fo rm u la te  g e n e ra l policy 
p rin c ip le s . R W E ’s m a n a g e rs  a r tic u la te d  a science o f  econom ics a n d  tech 
n o logy  th a t was p a r tic u la r ly  app licab le  to  RW E. T h e se  policies, a n d  th e  
tech n o lo g ica l d ec is ions th a t s tem m ed  fro m  th em , can  be  o b se rv ed  in th e  
h is to ry  o f  R W E in th e  tw enties.

T h e  policy o f  m ass p ro d u c tio n  a n d  la rg e -a rea  su p p ly , associated  w ith 
S tin n es as early  as 1902 a n d  called  “ra tio n a l"  by h im , was finely  h o n e d  
d u r in g  tw o d ecad es  o f  g ro w th  a n d  was associated  w ith th e  “ra tio n a liz a tio n ” 
m o v em en t th a t to o k  p lace be tw een  th e  tw o w orld  w ars. T h e  co n cep t, as 
n o te d , was g e n e ra lly  a p p lied  to  G e rm a n  in d u s try  in th e  1920s. A fte r  W orld

Geschdfls-Berichl . . . Braunkohlen-untl Briketwerhe Roddergrube Aktiengesellschaft in Briihl, 1927 
and 1929; F. Iserm ann, "G rossraum lorderung in Braunkohlen-Tagebaubelricbcn mil Schrag- 
aufzugen," Zeilschrift des Vereines deutscher Ingenieure 72 (1928): 1256-62; and Georg Klein, 
Handbuch fiir  den Deutsclien Braunkolilenbergbau (Halle: Knapp. 1935), 2: 760-62, 1113-21. I 
am indebted to the Rhcinische Bniunkohlenwcrkc Akticngcscllsrhaft for these references. 
See also Robert A. Brady. The Rationalization Movement in Getman Industry (Berkeley: University 
of California Press, 1933). p. 76.
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Figure XIV.8. Brown-coal transportation 
system, open-pit mining. 19J2. Courtesy of 

the Rheinhraun Archives, Pfaffendorf.
Germany.

Figure XIV.9. Brown-coal open-pil 
mining, 1926, at the Vereinigte Ville mine. 

Courtesy of the Rheinbraun Archives, 
Pfaffendorf, Germany.

W ar I, th e  policy o f  ra tio n a liza tio n  a n d  th e  p rin c ip le s  o f  its app lica tio n  to 
e lec tric  su p p ly  system s w ere e x p o u n d e d  by R W E's m a n a g e m e n t. R a tion 
a lization  as d e f in e d  a n d  p rac ticed  by RW E— a n d  p rac ticed  by A m erican  
u tilities— d if fe re d  sign ifican tly  fro m  ra tio n a liza tio n  as d e f in e d  by th e  o lder, 
labo r-in ten siv e  in d u s tr ie s  in G e rm an y  such  as m in in g  a n d  iro n  a n d  steel 
p ro d u c tio n . U tilities like R W E w ere cap ita l in tensive  a n d  th e re fo re  con-



Figure XIV .10. Oprn-pit mining:
Brown-cool transportation system,

Vrrrtnigtr Ville mine, 1930. Courtesy of 
the Rheinbraun Archives, Pfaffrndorjf,

Germany.
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Figure XTV .lI. Brown-coal 
transportation system, Vereinigte Ville mine, 

1938. The group o f eight stacks with four 
behind is the Goldenbergwerk. Courtesy of 

Rheinische Braunkohlenwerke AG, 
Cologne, Germany.

c e rn c d  a b o u l sav ing  cap ita l. L ab o r was a relatively u n im p o rta n t la c to r  in 
th e  cost a cco u n tin g  o f  electric ity  su p p lie rs . (T h e  visitor to  a m am m o th  
p ow er p lan t w ou ld  o bserve  on ly  a h a n d fu l o f  w orkers.) O nly  w hen  the  
p ro d u c tio n  o f  h a rd  a n d  brow n  coal was taken  in to  accoun t d id  th e  lab o r 
fac to r assum e m a jo r im p o rtan ce , a n d  th e  utility  e n g in ee rs  w ho d e f in e d  
ra tio n a liza tio n  focused  on  cost acco u n tin g  as it p e r ta in e d  to  th e  cap ita l- 
in tensive  techno logy  u n d e r  th e ir  co n tro l— not to  th e  p ro d u c tio n  o f  fuel. 
In  th e  h igh -tech n o lo g y , cap ita l-in tensive e lectric supp ly  in d u stry , ra tion -
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alizalion  involved  an  e leg an ce  a n d  p rec is io n  o f  c o n cep t th a t was u n k now n  
in th e  o ld e r , lab o r-in ten siv e  in d u s tr ie s , w hich m ix ed  T ay lo rism  a n d  sim ple 
m ech an iza tio n  in to  an  a m o rp h o u s  c o n c e p t o f  ra tio n a liza tio n .

A. K o ep ch en , th e  e n g in e e r  w ho  in th e  1920s as a m e m b e r o f  RW E's 
m a n a g e m e n t c o m m itte e  p lay ed  a le a d in g  ro le  in th e  fo rm u la tio n  o f  com 
pan y  policy, n o te d  th a t e lec trica l e n g in e e rs  u n d e rs to o d  ra tio n a liza tio n  es
pecially  well. H e  d e f in e d  th e  co n c e p t as u sin g  tech n o lo g y  to  o b ta in  the 
eco n o m ic  o p tim u m  w ith  a m in im u m  o f  re so u rces  (Volksvermogen). H e  be
lieved th e  e ssen ce  o f  ra tio n a liza tio n  to  be Verbundbetrieb, w hich  he defin ed  
as th e  c o o rd in a tio n  o f  in te rc o n n e c te d  p o w er p lan ts  su p p ly in g  a la rg e  area. 
H e  in c lu d e d  in his d e fin itio n  th e  p o w e r p lan ts  o f  a sing le  u n d e r ta k in g  as 
well as th o se  b e lo n g in g  to  d if fe re n t  u tilities if  they  w ere  in te rco n n ec ted . 
T h e  goal o f  ra tio n a liz a tio n  was c o o rd in a te d  o p e ra t io n s .17

R W E Verbundbetrieb s tre ssed  n o t on ly  th e  in te rc o n n e c tio n  o f  p o w er p lants 
b u t a lso  an  eco n o m ic  m ix o f  th e  e n e rg y  so u rces  u sed  by th e  in te rco n n ec ted  
p lan ts . As has b een  n o te d , th e  g e o g ra p h y  o f  th e  R u h r  reg io n  p rov ided  
RW E w ith  th e  o p p o r tu n i ty  to  m ix b row n-coa l a n d  h a rd -co a l g en e ra tio n ; 
th e n , d u r in g  th e  tw en ties, th e  utility  to o k  th e  su b s tan tia l s te p  o f  in co rp o 
ra tin g  w a te r  p o w e r in to  its eco n o m ic  m ix . P r io r  to  th is, R W E Verbundbetrieb 
h a d  ca lled  fo r  b row n-coa l p lan ts  lo ca ted  at th e  m ines to  c a rry  th e  system ’s 
base load  becau se  th e ir  y e a r - ro u n d  g e n e ra tin g  costs w ere  th e  low est in the 
m ix. a n d  fo r  th e  h a rd -co a l p lan ts  to  pick u p  any  load  th a t e x ceed ed  the 
G o ld e n b e rg  s ta tio n ’s capacity . A fte r  h y d ro e le c tr ic  p lan ts  w ere  co n nec ted , 
RW E u sed  th e  o u tp u t  o f  th e  ru n n in g -w a te r , o r  low -head , h y d roe lec tric  
p lan ts  as it becam e  availab le  b ecause  th e  en e rg y  c o u ld  n o t be s to red  and  
becau se  th e  cap ita l costs o f  th e se  p lan ts  w ere  low. T h e  h ig h -h e a d  p lan ts 
w ith d a m s o r  re se rv o irs  allow ed en e rg y  to  be s to re d  in th e  reservo irs , so 
th e ir  o u tp u t  was u sed  seasonally  ac c o rd in g  to  su p p ly  a n d  d e m a n d .

In  th e  1920s, ra tio n a liza tio n  as p rac ticed  by K o ep ch en  a n d  o th e r  RWE 
m a n a g e rs  invo lved  load  m a n a g e m e n t as well as Verbundbetrieb. T h e  com 
p an y  p e rs u a d e d  chem ica l w orks in th e  R u h r  a n d  a lo n g  th e  R h in e  to  ab an 
d o n  th e ir  iso la ted  p lan ts  a n d  tak e  p o w er f ro m  RW E. C hem ica l loads w ere 
especially  so u g h t a f te r  b ecau se  th ey  used  e lec tric ity  fo r  h e a t as well as fo r 
e lectro lysis. T h e s e  stead y  loads, ta k in g  c u r re n t  n ig h t a n d  day , p ro v id ed  a 
n ea rly  ideal load  fac to r. T h e  iron  a n d  steel w orks o r  th e  R u h r  reg ion  also 
lo ad ed  th e  R W E system  econom ica lly  b ecause  th e  ro llin g  mills a n d  electric 
fu rn a c e s  w e re  la rg e , stead y  co n su m ers . F rom  its fo u n d in g , RW E h ad  im 
p ro v ed  its load  fa c to r  by su p p ly in g  e n e rg y  fo r m in e  p u m p s  th a t cleared  
th e  m in es o f  w a te r  d u r in g  th e  n ig h t h o u r s ." 1 D u rin g  W orld  W ar I, while 
b u ild in g  th e  G o ld e n b e rg w e rk , RW E b o u g h t sh a re s  in a co m p an y  th a t p ro 
d u c e d  p o ta sh  lye a n d  soda  lye, a co m p an y  th a t in tu rn  becam e a m ajor 
R W E c u s to m e r. R W E also  su p p lie d  th e  E rf tw e rk e , a new ly co n stru c ted  
a lu m in u m  w orks w hich  d u r in g  a n d  a f te r  th e  w ar was o n e  o f  th e  u tility ’s 
la rg es t c o n su m e rs . D yew orks a n d  m eta llu rg ica l p lan ts  such  as th e  B ergische

17 A. K ocpchen, Das RWE in der deutschen Eleklriziiatswiusrhari" (Speech delivered in 
the Mans dcr T cchnik in Essen on 28 March 1930). pp. 3-5: copy in the library or RWE 
headquarters. Essen. T he  speech was also published; see A. Koepchen. RW E Elrktrizilatswirt- 
ichafl (Essen: RWE. 1930). p. 10.

'* K oepchen. RW E Eh'ktriiitatswirtschaft. t>. 4.



4 1 9 T H E  & TY L E  O F  E V O L V IN G  S Y S T E M S

S iah lin d u s tr ie  L in d e n b c rg  in R em sche id  a n d  th e  K re fe ld e r  S tah lw erk  also 
becam e m a jo r  R W E cu sto m ers .

In  a w idely q u o te d  talk  g iven  on  28 M arch  1930 in th e  H au s d e r  T ech n ic  
in E ssen, K oep ch en  c o m p a re d  th e  effic iency  a n d  re su ltin g  econom y  o f  th e  
R W E system  with th e  re su lts  a ch ieved  by o th e r  u tilities o p e ra tin g  in sm a lle r 
su p p ly  a rea s  a n d  w ith a less ex ten siv e  a n d  d iv e rse  m ix o f  p o w er p lan ts . H e 
ch a ra c te r iz e d  R W E as an  o u ts ta n d in g  e x am p le  o f  ra tio n a liza tio n , o r  Ver- 
bundbetrieb, a n d  he a rtic u la te d  th e  p rin c ip le s  o f  th e  policy. H e c o m p a re d  
th e  load  cu rv es o f  R W E, th e  H a m b u rg  u tility , a n d  th e  B erlin  u tility  (BE- 
W A G ). W ith  a b e tte r  load  cu rv e  a n d  econom ic  m ix o f  g e n e ra tin g  p lan ts , 
R W E re d u c e d  th e  costs to  la rg e , in d u s tr ia l co n su m ers  below  th e  costs they  
w ould  in c u r  in  th e ir  iso la ted  p lan ts , th e re b y  b r in g in g  in d u s tr ie s  w ith good  
load  ch a rac te ris tic s  in to  th e  system . T h is  fu r th e r  im p ro v ed  R W E ’s load  
fac to r a n d  allow ed th e  u tility  to  re d u c e  th e  p rice  it c h a rg e d  th e  sm all, 
com m ercial an d  residentia l consum ers. K oepchen  acknow ledged  tha t RW E's 
expansion  elim inated  th e  au to n o m y  o f  the  utilities a n d  isolated pow er plants 
th a t w ere  in c o p o ra te d  in to  th e  RW E system , b u t he a rg u e d  th a t th e  eco 
nom ics o f  ra tio n a liza tio n  w ou ld  preva il o v e r th e  ob jec tions o f  in d iv idua ls  
a n d  sm all c o m p a n ie s  d e s ir in g  to  re m a in  Eigener H err im H aus  (“m as te r in 
o n e ’s ow n h o u se ”) .19

As d esc rib ed  by K o ep ch en , Verbundbetrieb resem bles  h o rizo n ta l business 
co m b in a tio n . T h e r e  is, how ever, an  im p o r ta n t d iffe re n c e  betw een  business 
co m b in a tio n s, such  as tru s ts  a n d  carte ls , a n d  Verbundbetrieb. B usiness co m 
b in a tio n s a re  co m m o n ly  fo rm e d  fo r th e  p u rp o se  o f  c o n tro llin g  o r  re g u 
la tin g  su p p ly , p rice , a n d  m a rk e tin g ; Verbundbetrieb is a co m b in a tio n  fo r th e  
p u rp o se  o f  in c re a s in g  th e  techn ica l effic iency  o f  p ro d u c tio n . Verbundbetrieb 
is techno log ica l a n d  physical com b in a tio n . T ech n o lo g ica l co m b in a tio n , 
h ow ever, is o f te n  c o m p le m e n te d  by a business com b in a tio n . H en ce  we 
a rr iv e  a t th e  assoc ia tion  o f  Verbundbetrieb w ith  business co m b in a tio n .

RW E Verbundbetrieb co m b in ed  s im ila r p ro d u c tio n  un its , g e n e ra tin g  fa
cilities. RW E also  e n te re d  in to  techno log ica l co m b in a tio n s co m p a ra b le  to  
vertical business  co m b in a tio n s. U nits a lo n g  th e  line o f  p ro d u c tio n  from  
en e rg y  re so u rces  a n d  raw  m a teria ls  to  fin ish ed  p ro d u c ts  a n d  availab le  e n 
erg y  w ere  c o m b in ed . T h e  fo rm  o f  these  vertical co m b in a tio n s v aried , as 
w ith h o rizo n ta l ones, fro m  firm  a n d  fo rm al a g re e m e n ts  to  loose a n d  in 
fo rm al ties. M uch as tran sm issio n  lines w ere th e  techno log ical c o n n ec to rs  
fo r Verbundbetrieb, m a te r ia ls -h an d lin g  a n d  en ergy -con  version  techno logy  
w ere  th e  linkages fo r  vertical co m b in a tio n . T h e  business o rg an iza tio n s  a n d  
re la tio n sh ip s  th a t w ere  fo rm e d  to  m an ag e  th e  vertical techno log ical co m 
b in a tio n s in c lu d ed  lo n g -te rm  c o n trac tu a l re la tio n sh ip s  such  as th a t betw een  
R o d d e rg ru b e  a n d  RW E.

T a k in g  ad v a n ta g e  o f  th e  G e rm a n  g o v e rn m e n t’s en c o u ra g e m e n t o f  Ver
bundbetrieb a n d  th e  legal sta tu s  o f  tru sts , carte ls, a n d  o th e r  fo rm s o f  co m 
bin a tio n , R W E n o t on ly  e n te re d  in to  technological (o r lig lu -linkage) com 
b in a tio n s b u t fo rm e d  loose co n fed e ra tio n s  as well. W hile these  loose 
com b in a tio n s d id  n o t involve physical techno logy , they  d id  usually  re lle c l 
th e  re la tio n s o f  e n e rg y  su p p ly  a n d  p ro d u c tio n — fo r exam ple , th e  re la tio n 
sh ip  betw een  th e  m a n u fa c tu re r  o f  e lectrical e q u ip m e n t an d  th e  u tility  u sing

'* Ibid., pp. 3-5.
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th e  e q u ip m e n t. R W E ’s m a n a g e m e n t was p ro n e  to  loose co m b in a tio n s be
cause o f  th e  sy s tem -b u ild in g  d r iv e  o f  th e  u tility ’s fo u n d e r ,  H u g o  S tinnes, 
a n d  his successo r in 1924 as h e a d  o f  RW E, A lb e rt V ogler.

S tin n es fav o red  vertical c o m b in a tio n  a n d  s o u g h t l in e a r  a r ra n g e m e n ts  
involv ing  raw  m a te ria l (such  as coal), m a n u fa c tu re rs  (such  as iro n  a n d  steel 
m ills), a n d  fin ish ed -g o o d s  p ro d u c e rs  (such  as m ach in e  w orks). Im m ed ia te ly  
fo llow ing  W o rld  W ar I, h e  p re s id e d  o v e r  th e  la rg est c o m b in a tio n  o f  in 
d u s tr ia l  e n te rp r is e s  yet fo rm e d  in  G e rm a n y , th e  so-called  S iem cns-R hein - 
E lbc -S ch u ck e rt U n io n , w hich  in c lu d e d  coal, steel, a n d  e lec trica l-m ach ine  
m a n u fa c tu re . R W E c o o rd in a te d  its po licies w ith  th e  u n io n  th ro u g h  S tinnes, 
w ho lo oked  u p o n  e lec tric  p o w er tran sm iss io n  as th e  ev en tu a l physical, o r 
tech n o lo g ica l, c o n n e c to r  in th is co m b in a tio n . T h e  u n io n  d id  n o t survive 
S tin n e s’s d e a th ,  b u t its h is to ry  s ta n d s  as te s tim o n y  to  his in stinc ts  a n d  po l
icies. S tin n e s ’s p ub lic  u tte ra n c e s  su g g est th a t h e  view ed h is ra tio n a l in d u s
tria l c re a tio n s  as su b s titu te s  fo r, a n d  im p ro v e m e n ts  u p o n ,  c en tra liz ed  gov
e rn m e n t  socialism .

D esp ite  th e  p la n n in g  a n d  o rd e re d  d es ig n  th a t w e re  in h e re n t  in  ra tio n 
a liza tion , Verbundbelrieb, a n d  c o m b in a tio n s , RW E, p a rtly  in  reac tio n  against 
p la n n in g  o n  th e  n a tio n a l level a n d  p a rtly  o u t o f  a co m m itm e n t to  the 
p ra g m a tic  a p p ro a c h ,  ad v o ca ted  reg io n a l-sy stem  g ro w th  by ev o lu tio n  ra th e r  
th a n  by lo n g -te rm  p la n n in g . A fte r  m o re  th a n  tw en ty -five  years  o f  o p e ra 
tions. R W E knew  its h is to ry  a n d  c h a rac te ris tic s  well e n o u g h  to  d e f in e  its 
p h ilo so p h y  o f  g ro w th . In  th e ir  1930/31 a n n u a l r e p o r t ,  R W E ’s m anagers  
in sis ted  th a t lo n g -te rm  p la n n in g  fo rced  u tilities  in to  a P ro c ru s te a n  bed  that 
p re v e n te d  re sp o n se  to  an  u n c e a s in g  flux  o f  o p p o r tu n itie s  a n d  cha llenges. 
P lans, th ey  a rg u e d ,  lak e  in to  a cco u n t on ly  th e  c ircu m stan ces  th a t exist o r 
a re  co nce ivab le  w h en  th e  p lan s  a re  fo rm a lized ; th e re fo re ,  th ey  fail to  p ro 
v ide fo r  th e  te ch n o lo g y  a n d  c ircu m stan ces  o f  th e  fu tu re .  P lans, they  con
c lu d e d , b eco m e especially  c o n s tra in in g  b lu e p rin ts  in new , rap id ly  evolving 
fie ld s o f  te c h n o lo g y  like e lec tric ity  su p p ly . (R W E  m ay have  h ad  von M iller’s 
B ay e rn w erk  a n d  p lan s fo r  an  a ll-G erm an  g r id  in m in d .) D riven  to  e x p an d  
by th e ir  eco n o m ic  m o tives a n d  by tech n o lo g ica l p o ten tia l,  R W E ’s m an ag ers  
fav o red  in s tead  th e  “n a tu ra l” c o u rse  o f  d e v e lo p m e n t th ro u g h  econom ically  
p ru d e n t ,  s tep -b y -s tep  re sp o n se s  to  co n c re te  o p p o r tu n i t ie s .20

T h e  eco tech n ica l p r in c ip le s  o f  RW E (m o re  g e n e ra lly  te rm e d  its style) 
w ere  em b o d ie d  in th e  u tility 's  te ch n o lo g y  in th e  1920s. R W E ’s technology  
w as a c u ltu ra l a r tifa c t,  a physical m an ife s ta tio n  o f  th e  u tility ’s stra teg y  and  
s tru c tu re . T o  e n s u re  th a t th e  te ch n o lo g y  was re p re se n ta tiv e , e n g in ee r in g  
m a n a g e rs  w ere  n e e d e d  w ho  c o u ld  in te g ra te  politics, econom ics, a n d  tech 
nology . In d ica tiv e  o f  th is em p h as is  was th e  e leva tion  o f  A r th u r  K oepchen , 
fo rm u la to r  o f  ra tio n a liza tio n  co n cep ts , to  th e  p o sition  o f  p rin c ip a l m a n ag e r 
fo llow ing  th e  d e a th  o f  B e rn h a rd  G o ld e n b c rg  in 1917. A n e n g in e e r  by 
tra in in g , K o ep ch en  was know n  fo r  his o u ts ta n d in g  m an ag e ria l abilities. H e 
has b een  c o m p a re d  to  Em il R a th c n a u , th e  in n ova tive  fo u n d e r  a n d  m an ag e r 
o f  A EG .21 K oepchen  p resided  over the  design  and  construc tion  o f  a 220,000- 
voll tran sm iss io n  line th a t RW E e x te n d e d  o v e r  800  k ilo m e te rs  fro m  the

m  Annual report for 1930/31. quoted in RWF. Geschiiflsbenchlen. p. 50.
*' G eorg von Siemens. Hislmy of Ilir House of Siemens, trans. A. F. Rodger. 2 vols. (Freiburg/ 

Munich: Alber. 1957). 2: I I I .
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Figure XJV.12. Prof. Dr. Arthur 
Koepchen. Courtesy of the Rheintsch- 
Westfalisches Elektriiitatswerk, Essen, 

Germany.

b row n-coal Helds a n d  hard -co a l m ines o f  n o r th e rn  G e rm an y  to  th e  w ate r 
po w er in th e  so u th . T h is  techno log ical p ro jec t ex em p lifies  well RW E's style 
in th e  tw enties. K o ep ch en  u n d o u b te d ly  look  p a r t  in f in d in g  th e  way to 
f in an ce  c o n s tru c tio n  o f  th e  line; he  also seem s to  have m ad e  th e  decision  
a b o u t its feasibility . In  A pril 1924, w ith E. H en k e , a n o th e r  m e m b e r o f  the  
m an ag e ria l c o m m ittee  (Vorstand), K o epchen  visited th e  U n ited  S ta tes to 
s tu d y  h ig h -v o ltag e  tran sm issio n  as well as U.S. m an a g e m e n t a n d  finance  
p ro c e d u re s .22 C a lifo rn ia  h ad  led th e  way in h ig h -vo ltage  tran sm issio n . Sev
e ra l years  la te r, how ever, K o epchen  look  pa ins  to  p o in t o u t th a t a lth o u g h  
C a lifo rn ia  h ad  tw o 220 ,000-volt lines b e fo re  RW E b eg an  c o n s tru c tio n  of 
its g re a t n o r th -so u th  tran sm issio n  line, th e  C alifo rn ia  system  g ro u n d e d  its 
n eu tra l ,  o r  N ullfm nkt, a n d  th e re fo re  th e  vo ltage b e tw een  line  a n d  e a r th  was 
o n ly  2 2 0 ,000  -r- \ / 3 ,  o r  127,000 volts. T h e  R W E line was n o t g ro u n d e d ,  
b ecause th e  post o ffice  a n d  ra ilro ad s  ob jec ted  to  in te rfe re n c e  w ith th e ir  
te le g ra p h ic  c o m m u n ic a tio n s .23

B o th  in G e rm a n y  a n d  th e  U n ited  S lates, th e  u tilities tu rn e d  to  th e  m a n 
u fa c tu re rs  fo r  d e ta ile d  desig n s to  fulfill g en e ra l specifications. T h e  RW E 
tran sm issio n  line was o n e  o f  th e  m a jo r c o n trac ts  o f  th e  d ecad e , so AEG , 
S iem en s-S ch u ck e rt, a n d  Fe lton  8c G u illeau m e co m p e ted . RW E specified  
hollow  s teel co n d u c to rs  a f te r  K o epchen  d iscussed  th ese  w ith th e  A m ericans. 
S iem en s-S ch u ck e rt d re w  u p o n  th e  d esign  o f  a hollow  cable p a te n te d  in 
1919 by R u d e n b e rg , d e s ig n e d  new  su sp en sio n  in su la to rs , a n d  p la n n e d  the 
co n s tru c tio n  ro u tin e . T h e  hollow  steel cable was 60  p e rc e n t c h e a p e r  th a n  
solid  c o p p e r  cable. R W E aw a rd e d  th re e  con trac ts : 40 p e rc e n t o f  th e  len g th  
o f  th e  line  to  S iem en s-S ch u ck e rt a n d  30 p e rc e n t each  to  AEG  a n d  Felton  
8c G u illeau m e  p ro v id e d  th a t each  u sed  th e  S iem en s-d ev e lo p ed  cable. A n
o th e r  p ro b le m  so lved  by th e  m a n u fa c tu re rs  was d esign  o f  o u ts ized  sw itch- 
g e a r  a n d  tra n s fo rm e rs ;  th e  la tte r  h ad  to  be a d ap tab le  to  rail tra n sp o r t  
d e sp ite  th e ir  w e igh t o f  168 to n s .24

A n o th e r  m a jo r  R W E p ro jec t o f  th e  tw enties, a p u m p e d -s to ra g e  po w er 
p lan t, ex em p lifie s  th e  m a n a g e m e n t’s d r iv e  to  ra ise  th e  load  fac to r a n d  to 
u tilize fully th e  capac ity  o f  its econom ic  m ix o f  p o w er p lan ts. T h e  p lan t at 
H e rd e c k e  o n  th e  R u h r  R iver began  o p e ra tio n s  on  28 Ja n u a ry  1930 (see 
Fig. X IV . 13). It, a lo n g  w ith th e  220 ,000-volt transm ission  line, was th e  m ost 
im pressive  o f  R W E ’s techno log ica l a ch ievem en ts  in  th e  1920s. T h e  concep t 
o f  H erdecke , la te r n am ed  the K oepchenw erk, was sum m arized  by K oepchen 
as follows:

T h e  R W E, not w ishing to continuously install new sets in its therm al pow er 
stations only for  the purpose o f  coverin g  the short winter lighting peaks, thought 
it advisable to use the g en erating  capacity available at no furth er capital outlay 
du rin g  the night du e to the then sm aller load to pum p water into an u pper 
reservoir. T h e  pow er for the night pum ping would originate in otherwise 
u nd erloaded therm al stations, low-head hydraulic plants, o r blast-furnace gas 
pow er stations. [D uring  the day the stored water would be released from  the 
reservoir to d rive w ater turbines and generators to provide pow er when needed.) 
T h e  H erdecke pum ped-storage pow er station, the capital cost o f  which per

n  RW E Gescheiftsberichten. p. 37.
n  Kocpchcn, RW E Elektmitalswirtschaft. p. 9.
M Von Siemens, House of Siemens, 2: 112-13.
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Figure XTV. 13. Koepchenwerk (earlirr 
known tu Hrrdeeke). Courtesy of the 

Rheinuch-Westfalisclies Elektriiilatswerk.
Essen, Germany.

kilowatt was not h igher than that Tor a therm al pow er station o f  sim ilar size, 
shows that such a station is thoroughly  able to pay for itself; m o reover, this 
storage pow er station, apart from  achieving its function o f  tran sform ing  low- 
g rade pow er into high-grad e pow er, may also be called on as an instantaneously 
ef fective stan d-by.2r'

T h e  pub lic  g en e ra lly  a n d  som e techn ica l p e rso n s  fo u n d  a b su rd  th e  no tion  
o f  p u m p in g  w a te r u p  to  a re se rv o ir  f ro m  a r iv e r a n d  th e n  le ttin g  it ru n  
d o w n  to  d r iv e  w a te r tu rb in e s . R W t’s m a n a g e m e n t, well v ersed  in th e  eco
nom ics o f  Verbundbelrieb, w en t a h e a d  a n d  co n s tru c te d  a facility th a t in  1930 
d rew  as m u ch  as 75 ,0 0 0  kw. fro m  th e  RW E system  d u r in g  p e rio d s  o f  low 
load  a n d  su p p lie d  as m u ch  as 132,000  kw. a t tim es o f  p eak  load  (see Fig. 
X IV . 14). T h e  re se rv o ir ,  ex cav a ted  on  a hill a b o u t 165 m e te rs  above an 
artific ia l lake on  th e  R u h r, s to re d  1.6 m illion  cubic  m e te rs  o f  w ate r. T h e  
lake, th e  H en g stey see , h a d  b een  built by th e  R u h rv e rb a n d , E ssen, to  red u ce  
p o llu tio n  in th e  R u h r  R iver. T h e  R W E p o w er p lan t h ad  th re e  com ple te  
u n its  in itia lly , e ach  con sis tin g  o f  a F ranc is tu rb in e , a co m b in a tio n  m otor- 
g e n e ra to r . a n d  a p u m p . T h e  m o lo r-g e n e ra to rs  w ere  ra te d  a t 33 ,000  kw. 
a t 330  rp m ; tw o w ere  o f  A EG  m a n u fa c tu re  a n d  tw o, S ie inens-S chuckert. 
A t lim es o f  low load , th e  m o to r-g c n e ra to rs  fu n c tio n e d  as m o to rs  to  d rive 
th e  3 3 ,0 0 0 -h .p . p u m p s  tha i lifted  th e  w ate r fro m  th e  H engsieysee  to  the  
s to ra g e  re se rv o ir ; d u r in g  lim es o f  p eak  load  on  th e  R W E system , they 
fu n c tio n e d  as g e n e ra to rs  d r iv e n  by th e  w ater tu rb in e s  a t 300  rp m . T h e  
w a te r flow ed do w n  in fo u r  p re s su re  p ipes, o r  penstocks, w hose in n e r  cross 
section  ta p e re d  fro m  3 .20  m e te rs  a t th e  valve co n tro l h o u se  n e a r  th e  res
e rv o ir  to  2 .55  m e te rs  at th e  p o w er house ; th e  len g th  o f  th e  p ipes  was 292

** K oenchcn. RW E Elektriiitalswirtsrhafl. n. 7.
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Figure XTV. 14. Inflow of electrical 
energy o f storage water pumps at Herdecke 

power plant (shaded areas) and outflow 
of electrical energy from Herdeeke water 

turbines (b) during a twenty-four-hour 
period. From Koepchen, "Das RW E."

m ete rs . A fo u r th  p u m p  was to  be a d d e d  to  co m p le te  th e  p lan t's  fo u r th  
un it. RW E ex p e c te d  th e  in sta lla tion  in full use to  o p e ra te  as a g e n e ra tin g  
s ta tio n  fo r 4.4 h o u rs  in each  tw en ty -fo u r, w hich w ould  re su lt in an  o u tp u t  
o f  a b o u t 5 8 0 ,000  kw h. C o n s tru c tio n  o f  th e  in sta lla tion  involved  u p  to  2 ,000  
w o rk e rs  a n d  lo o k  tw o years. RW E p la n n e d  th e  e n tire  layout w ith th e  co 
o p e ra tio n  a n d  c o n s tru c tio n  su p e rv is io n  o f  th e  L a h m ey er C o m p an y , F ra n k 
fo r t o n  th e  M ain. W h en  p u m p in g , th e  H erd eck e  p lan t was ex p e c te d  "to  
flatten essentially th e  load curve o f  the  e n tire  RW E system" (see Fig. X IV . 15).ar>

By th e  e n d  o f  1930, th e  R W E system  h ad  a g e n e ra tin g  capacity  o f  800 ,000  
kw., 500 ,0 0 0  kw. o f  w hich w ere  co n c e n tra te d  in th e  G o ld en b c rg w erk , th e  
la rg est p o w er p la n t in G erm an y . In  o rd e r  to  ach ieve th e  m ost econom ic  
m ix o f  g e n e ra tin g  facilities in re sp o n se  to  th e  system ’s ceaselessly vary ing  
load , th e  in te rc o n n e c te d  p o w er p lan ts  a n d  load  n e e d e d  to  be cen tra lly  
c o n tro lle d  a n d  m o n ito re d . F o r th is p u rp o se , RW E tied  to g e th e r  its sp id e r  
w eb o f  tran sm iss io n  a n d  d is trib u tio n  lines a t B rauw eile r, in th e  b row n-coal 
fie lds w est o f  C o lo g n e . T h e re ,  in O c to b e r  1929, th e  m ain  sw itch ing  s ta tion  
o f  th e  system  b eg an  o p e ra tin g . Its co n tro l p ane ls  ind ica ted  th e  sta te  o f  the  
system  at vario u s p o in ts , a n d  th e  load  d isp a tc h e rs  co u ld  rem o te -co n tro l the  
sw itches a n d  c ircu it b reak e rs , co n n e c tin g  a n d  d isco n n ec tin g  th e  various 
g e n e ra tin g  facilities (see  Figs. X IV . 16 a n d  X IV . 17). R W E ’s m an ag e rs  c o n 
sid e re d  th e  B ra u w e ile r  co n tro l c e n te r  to  be th e  g rea te s t co n c e n tra tio n  o f 
elec tric  p o w er in th e  w orld .

T h e  h ig h -v o ltag e  tran sm issio n  line  e x te n d in g  th ro u g h  G e rm an y  was a 
d ra m a tic  a c h iev em en t th 2 t reca lled  th e  g re a t tru n k -lin e  railw ays o f  th e  
n in e te e n th  cen tu ry . P u m p in g  w a te r u p h ill, th e  H e rd e c k e  p lan t was a w on
d ro u s  p a ra d o x  to  th e  techno log ica lly  naive. A nd  th e  B rau w e ile r sw itch ing  
sta tio n  sym bo lized  th e  p o w er c o n c e n tra tio n s  th a t w ere possible in th e  tw en
tie th  c e n tu ry . N ev e rth e le ss , th e  m ost co m plex  p ro b lem s o f  these  te c h n o 
logical p ro jec ts  w ere  po litical. T h e  h is to ry  o f  th e  c o n tin u o u s  e x p an s io n  o f  
th e  su p p ly  te r r i to ry  o f  RW E is o n e  o f  political stru g g le , as can  be seen  in 
th e  fo llow ing  n a rra tiv e  acco u n t o f  th e  th ru s ts  a n d  c o u n te r th ru s ts  m ade , 
th e  g ro u n d  g a in e d  a n d  th e  co m p ro m ises  neg o tia ted .

O n  o n e  level th e  co m p e titio n  fo r  en e rg y  sou rces  a n d  m a rk e t involved 
co m p e titio n  a m o n g  u tility  h o ld in g -co m p an ie s  a n d  am o n g  utilities. B enea th  
th e  su rface , h ow ever, th e  s tru g g le  was o n e  fo r  p ow er— political, n o t te c h 
n o logical— a m o n g  g o v e rn m e n t au th o ritie s . R ep re sen tin g  local g o v e rn 
m en ts  a n d  p riv a te  s h a re h o ld e rs , RW E c o m p e ted  fo r te rr i to ry  w ith iwo 
o th e r  large utilities, th e  Preussische Elektrizitats AG (P reussenelektra), ow ned 
by th e  s ta te  o f  P russia , a n d  E lek tro w erk e  AG (EW A G ), co n tro lled  by th e  
R eich , o r  ce n tra l,  g o v e rn m e n t. A t slake  was con tro l o f  G e rm a n y ’s electric  
su p p ly — n o t on ly  d o m in a n c e  o f  th e  e lectric  supp ly  in d u s try  b u t th e  asso
c ia ted  political au th o rity  a n d  econom ic  pow er o f  various levels o f  g o v e rn 
m en t. T h e  in te re s u  re p re se n te d  by RW E w ere th e  m ost com plica ted . Local 
governm en ts, mostly in the R hineland  and  including the  R uhr, voted RWF.'s 
c o n tro llin g  slock; b u t p riv a te  in te rests , banks an d  ind u stria l e n te rp rise s ,

m  RWE. Pumpspeicherwerk Herdecke a.d. Ruhr (Essen: RWE. n.d. [ 1930?)). a Iwoklct in the 
RWE Archives. Essen: quote front Kocpchen, RWE Elektriulatsunrtschaft. p. 7. See also A. 
Koepehcn. "W arutn Pumpspcicherwcrkc?" (n .d ). an essay in the RWE Archives (archive no. 
XXI l/l 11/20). Essen, G ermany: and "BescitiBunK tier Spilrenlast," Deutsche AUgememe Zeitung,
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Figure X IV .I5 . Representative load 
curves (c. 1930) for RW E. the public 

utility in Hamburg, and that in Berlin 
(Bewag). From Koepchen, "Das RW E."

also h a d  su b s tan tia l o w n e rsh ip  a n d  in flu en ce  in th e  co m p an y . T o  com pli
ca te  m a tte rs  f u r th e r ,  th e  s la te  o f  P russia  a lso h e ld  m in o rity  sh a re s  in the 
c o m p a n y .27 T h e re fo re ,  R W E  re p re s e n te d  local g o v e rn m e n t, p riv a te  e n 
te rp r is e , a n d  ce n tra l  g o v e rn m e n t. S om e local g o v e rn m e n t a u th o ritie s  w ere 
h ostile  to  RW E, h o w ev er, b ecau se  it d e p r iv e d  th e m  o f  th e  u ltim a te  au th o rity  
to  m an ag e  th e ir  p ub lic  u tilities .2"

E arly in th e  1920s R W E b eg an  its c o n c e n tra te d  m ove so u th eas tw ard  to 
w ater-pow er sites in the Alps. It a cqu ired  transm ission-line righ ts a n d  power- 
e x c h a n g e  in te rc o n n e c tio n s  by b u y in g  c o n tro llin g  stocks in  th e  E lek triz ita ts- 
A ctien g ese llsch a ft vo rm . W. L a h m e y e r  8c C o m p an y . T h is  co m p an y  had  
b een  th e  p r in c ip a l s to c k h o ld e r  in R W E fro m  its fo u n d in g  un til 1902, w hen 
H u g o  S lin n es  a n d  A u g u s t T h y sse n  b o u g h t th e  co n tro ll in g  sh a re s . S ubse
q u en tly , L ah m ey e r , w hich was h e a d q u a r te r e d  in F ra n k fo r t  o n  th e  M ain, 
so ld  its e lec trica l m a n u fa c tu r in g  facilities to  A E G  a n d  c o n c e n tra te d  on 
c o n s tru c tin g  a n d  o p e ra tin g  p o w er p lan ts  a n d  tran sm iss io n  system s. L ah 
m e y e r  was especially  active in  h y d ro e le c tr ic  system s. A m o n g  th e  subsid iary  
u tilities  it co n tro lle d  as a h o ld in g  co m p a n y  w ere  th e  M a in k ra ftw erk e  AG, 
w hich  s u p p lie d  te r r i to ry  o n  th e  r ig h t b an k  o f  th e  R h in e ; th e  K raftw erk  
A ltw im te m b e rg  A G , w hich fro m  a h y d ro e lec tr ic  in sta lla tio n  on  th e  N eckar 
R iver n e a r  H e ilb ro n n  su p p lie d  th e  reg io n s  o f  S tu ttg a r t;  a n d  th e  Lech- 
E lek triz ita tsw erk e  AG  in A u g sb u rg , w hich o p e ra te d  th e  la rg est d istrib u tio n  
system  in B avaria . T o  a cq u ire  c o n tro llin g  in te re s t  in L ah m e y e r  a n d  its 
s u b s id ia rie s , R W E  h a d  to  d ea l w ith th e  E le k tro b a n k  (la te r E lek trow alt) in 
Z u rich , S w itze rlan d , a co m p a n y  th a t f in a n c e d  e lec trica l u n d e r ta k in g s  and  
o w n ed  sh a re s  in L a h m e y e r .29

T h e  m ove  so u th w a rd  to w ard  th e  S a a r la n d  also  invo lved  th e  p iecem eal 
a cq u is itio n  o f  c o n tro llin g  in te re s t in utilities. R W E acq u ire d  sh a re s  in u n 
d e rta k in g s  su p p ly in g  cities, tow ns, a n d  ru ra l d is tric ts  p re lim in a ry  to  a r 
ra n g in g  system  in te rc o n n e c tio n s  a n d  ex ten s io n s  o f  h ig h -v o ltag e  lines. T h e  
u tilities w ith w hich  R W E m a d e  such  a r ra n g e m e n ts  in c lu d ed  th o se  w ith 
h e a d q u a r te rs  a t B ad K reu zn ach , M eisenhe im , K oblenz, W orm s, Id a r , and  
T r ie r .  T h e s e  w ere  m ostly  in R h in e lan d -P a la tin a te . T h e  S a a rla n d , w ith its 
h a rd -co a l m ines, d id  n o t re v e r t to  G e rm a n y  un til th e  p leb iscite  o f  1935, 
b u t a n tic ip a tin g  th e  u n io n . RW E e x te n d e d  its h ig h -v o ltag e  p o w er lines in to  
th e  reg io n  a n d  in te rc o n n e c te d  a lo n g  th e  way w ith w a te r-p o w er s ta tions on 
th e  M oselle a n d  its tr ib u ta r ie s .30

D u rin g  its e x p a n s io n , R W E e n c o u n te re d  th e  w id esp read  e lec tric  supp ly  
system  o f  th e  s ta te  o f  P russia . In  th e  vicinity o f  F ra n k fo r t  o n  th e  M ain. 
P russia  h a d  acq u ire d  a p o w er sta tio n  a n d  w an ted  to  su p p ly  th e  city. Because 
R W E co n s id e re d  th e  a re a  to  be in its sp h e re  o f  in te re s t,  it o p p o sed  the 
m ove. A n tic ip a tin g  th a t RW E m ig h t a tte m p t to  f ru s tra te  n eg o tia tio n s with 
th e  city, th e  P ru ssian  g o v e rn m e n t w ith h e ld  th e  rig h t o f  way RW E n eed ed  
to  cross th e  M ain R iver a n d  m ove so u th w a rd  w ith its h ig h -v o ltag e  trans-

Elehtrolechnische Zeitschrifl 45 (1925): I 168.
’"W ilhelm T reue , "Die Elckiri/.iiaiswiitscliari als G rundlage dcr A uiarkiewirlschall und 

die Frage de r Siclicrlicit d cr E lckmzitulsvcrsorgung in WcMdcul.ichland," in Wirtschaft und 
Rustling am Vorabend des 2. Weltkiieges, ed. F. Furstmeier and II. E. Volkmann (Diisscldorf: 
Droslc, 1975). p. 138.

m RW E Oeschaflsberichten, p. 33.
,0 T rcuc . "Elekiri/.iiaiswinschari." p. 136.
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Figure XIV. 16. Schematic of the RW E high-voltage transmission Figure XIV.17. RW E high-voltage transmission network. From
network. From Koepchen, “Das RW E." Koepchen. "Das RW E."

m ission  system . RW E c o m p la in ed  ab o u t a s ta te  g o v e rn m e n t’s u sing  its legal 
au th o rity  to  fav o r its ow n u tility  in te re sts  ov e r those o f  a c o m p e tito r, but 
RW E h a d  m ad e  use o f  th e  legal a u th o rity  o f  th e  local g o v e rn m en ts  am o n g  
its sh a re h o ld e rs  to  acq u ire  f ranch ises  a n d  righ ts  o f  way. In  1927 Prussia 
a n d  RW E n eg o tia ted  a d e m a rc a tio n  trea ty  th a t cam e to  be know n as the  
Elehtrojrieden ("electrical peace”). W estern G erm any was defined  as the  sphere  
o f  in f lu en ce  o f  RW E, a n d  th e  a rea  from  th e  N o rth  Sea coast a lo n g  th e  
W eser R iver to  F ra n k fo r t  on  th e  M ain was desig n a ted  th e  sp h e re  o f  in te rest 
o f  P russia . T h e  peace  was seen  as an  in te rva l in th e  lo n g -te rm  stru g g le  fo r 
co n tro l o f  electrical su p p ly  in G e rm an y .31

Prussia  g o t its su p p ly  c o n trac t w ith th e  F ran k fo rt utility, a n d  RW E crossed  
th e  M ain. RW E th e n  p ro ceed ed  to  reach  an  a g reem en t in th e  p rov ince  o f  
B aden  to  ex te n d  its m a jo r h igh-voltage transm ission  line (220 ,000  volts) to 
R h e in au  on  th e  N eck ar R iver. T h e re  an  in te rco n n ec tio n  was m ade  with

” Ibid.
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th e  su p p ly  n e tw o rk  o f  th e  B ad en w erk , w hich  d rew  u p o n  w a te r-p o w er s ta 
tions 011 th e  u p p e r  R h in e  a n d  in S w itzerlan d . In  th is way R W E's coal-fired  
p lan ts  a n d  th e  A lp in e  w a te r-p o w er p lan ts  co u ld  e x c h a n g e  e n e rg y  eco n o m 
ically. R W E ’s e v e n tu a l goal was to  e x te n d  its 2 20 ,000-vo ll tran sm issio n  line 
( th ro u g h  a g re e m e n ts  w ith W iir l te m b e rg  u tilities) d irec tly  to  th e  A lp ine 
w a te r-p o w er sites o f  th e  V o ra r lb e rg  d is tric t o f  A ustria . In  th e  m ean tim e , 
R W E a n d  th e  B ay e rn w erk  a g re e d  to  in te rc o n n e c t system s, th e re b y  m ixing  
e n e rg y  fro m  th e  b row n-coa l fie lds o f  th e  R h in e la n d  a n d  th e  w ater-p o w er 
sta tio n s o f  th e  B avarian  A lp s.32

T h e  n e g o tia te d  peace , o r  d e m a rc a tio n  trea ty , o f  1927 also reso lved  som e 
d iffe re n c e s  c o n c e rn in g  R W E ’s w este rn  te rr ito ry . T h e  en e rg y  involved  in 
th is in s tan ce  was b ro w n  coal. T h e  P ru ssian  g o v e rn m e n t h ad  p u rc h a se d  the 
B ra u n k o h le n - ln d u s tr ie  AG (“Z u k u n f l”), w hich m in ed  b row n  coal a n d  s u p 
p lied  e lec trica l en e rg y  in th e  vicinity  o f  A ach en , less th a n  125 kilom eters 
f ro m  th e  R u h r  valley, th e  h e a r t  o f  th e  R W E system . R W E p e rs u a d e d  Prussia 
to  g ive u p  its in te re s t in th e  “Z u k u n f l” by tu rn in g  o v e r  to  P russia  its shares 
in b ro w n -co a l fie lds in th e  B rau n sch w e ig  a re a  in ce n tra l G e rm an y . RWE 
also  a c q u ire d  by a g re e m e n t an  in te rc o n n e c tio n  o f  its system  w ith th e  e lec
trica l su p p ly  system s o f  th e  brow n-coa l a re a  o f  ce n tra l G e rm a n y .33

As o b se rv e d  in th is s tu d y , th e  tech no log ica l linkages o f te n  n e e d e d  in sti
tu tio n a l co n tex ts . T h e  political s tru g g le s  s u r ro u n d in g  th e  220 ,000-volt 
tran sm iss io n  line  w ere  m ir ro re d  in o rg an iza tio n a l fo rm s. N o tab le  am ong  
th e se  was th e  W estd eu lsch e  E lek triz ita tsw irtsch aft A G, w hich  p ro v id ed  for 
c o o p e ra tio n  a m o n g  th e  west G e rm a n  u tilities lied  to  o n e  a n o th e r  by the 
tra n sm iss io n  line  (see Fig. X IV . 18). R W E a n d  th e  V e re in ig te  E lek triz iia is- 
w e rk e  W estfa len , G m b H , D o rtm u n d ; th e  K o m m u n a le s  E lek triz ita tsw erk  
M ark  A G , H e g e n ; th e  B ra u n k o h le n - ln d u s tr ie  AG (“Z u k u n ft" ) ,  E schw eiler; 
th e  M a in k ra f tw e rk e  A G, F ra n k fu rt-H o c h s t;  th e  B ad ische  L an d ese lek tri-  
z ila tsverso rgung  AG (B adenw erk), K arlsruhe; the  H essische E isenbahn AG, 
D a rm s ta d t;  a n d  th e  E lek triz ita tsw erk  R h e in h esscn  A G, W orm s, p artic i
p a te d  in th e  o rg a n iz a tio n , each  h o ld in g  10 p e rc e n t o f  th e  W estdeu tsche  
sh a re s  ex c e p t th e  last tw o, w hich  sh a re d  a 10 p e rc e n t h o ld in g . T h e  re 
m a in in g  30  p e rc e n t o f  th e  sh a re s  w ere re se rv ed  fo r W iir lte m b e rg  an d  
P a la tin a te  utilities, logical cho ices fo r e x p a n s io n  because  o f  th e ir  p rox im ity  
to  th e  tran sm iss io n  line.

T h e  W estd eu lsch e  E lek triz ila tsw irtsch aft was in p a r t  a re sp o n se  to  those 
w ho in sis ted  th a t all G e rm a n  u tilities sh o u ld  be tied  to g e th e r  technologically  
a n d  ad m in is tra tiv e ly . O sk a r  von M iller’s p lan  o f  1930 was a n  ex p ressio n  
o f  th is co nv ic tion  (see p. 315). R W E believed  th a t m o re  flex ib le  a n d  p ra g 
m atic  re sp o n se s  w ere  possib le  w ith in  a loosely s tru c tu re d  association  such 
as th e  W e sld eu tsch e  E lek lriz ita tsw in sch a fl. T h ro u g h  it th e  assoc ia ted  u til
ities co u ld  fu r th e r  th e  tech n o lo g y  o f  in te rc o n n e c tio n  a n d  th e re b y  ra tio n 
alize th e ir  co m m o n  in te re st in an  e n e rg y  m ix a n d  econom ica l load  d iversity  
o v e r  a  la rg e  reg io n  o f  G e rm a n y .3'1 T h e  W estd eu lsch e  E lek triz ita tsw irlschaft 
was an  in s titu tio n a l ex p re ss io n  o f  Verbxmdbetrieb. It was also rep re se n ta tiv e  
o f  R W E ’s e m p irica l a n d  ev o lu tio n a ry  style.

** RW E Gesclidflsberiehlrn, p. 42; selections from the mutual report Tor I92.r>/2ti.
”  Ibid., p. 45 (a .selection from the annual report for 1920/27).
, '1 Ibid.. pp. 49-50.



Figure XTV.18. Coupled systems o f the 
Westdeulsche Elektrizitatswirtsehaft AG.

From Korfichen, ",Das RW E."
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East o f  th e  220 ,000-vo lt RW E transm ission  line, R W E ’s m ost pow erfu l 
co m p e tito rs  also p ro jec ted  a transm ission  line to  co n n ec t th e  brow n  coal 
o f  th e  n o r th  w ith th e  w ater p o w er o f  th e  so u th . L ike RW E, th e  co m p etitio n  
so u g h t an  eco n o m ic  m ix in which th e  so u th e rn  u tilities w ould su p p ly  in 
ex pensive  p o w er w hen  w ater was a b u n d a n t, especially  in la te  sp r in g  a n d  
early  su m m e r, a n d  th e  coa l-fired  p lan ts  o f  th e  n o rth  w ould “w heel” p ow er 
so u th  in th e  w in te r, w hen  snow  an d  ice low ered  th e  level o f  th e  A lp ine 
lakes. O n  16 May 1928 th e  E lek trow erke  AG, th e  P reussische E lek triz ita ts 
AG, a n d  th e  B ay ern w erk  fo rm ed  th e  A ctiengesellschaft fu r  d eu tsch e  Elek- 
tr iz ita isw irischafl (G erm an  Electricity  C om pany) to  connec t H a m b u rg  with 
th e  B avarian  A lps, w h e re  O sk a r  von M iller's W alchenseew erk  w ould feed 
in to  th e  system . A long  th e  way, a 220,000-volt co n nec tion  was m ad e  with 
th e  EW A G  system  o f  cen tra l G erm any , which inc luded  th e  G olpa-Z schor- 
ncw itz b row n-coal p lan t built in W orld W ar I . ,r>

’’ dri-hard Delinc. ”Interconnection in G e r m a n y Electrical World 92 (1928): 878-79.
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Such  c o m p e titio n  was n o t o n ly  tech n o lo g ica l a n d  political; it was financial 
as well. T o  c o m p e te  fo r  such  p ro jec ts  as lon g -d is tan ce  tran sm issio n  lines, 
th e  G e rm a n  u tilities re so u rc e fu lly  d re w  fro m  b o th  p riv a te  a n d  g o v e rn m en i 
so u rces  o f  cap ita l. R W E in c rea sed  its sh a re s  a n d  so ld  th em  to  p riv a te  inves
to rs  a n d  local g o v e rn m e n ts . P aradox ica lly , th e  P ru ssian  g o v e rn m e n t b o u g h t 
RW E sh a re s  as well. In  a d d itio n , R W E o b ta in e d  lo n g -te rm  loans fro m  U.S. 
b an k in g  h ouses , w hich  in th e  tw en ties  w e re  especially  in te re s te d  in G erm an  
in vestm en ts .

RW E a n d  th e  o th e r  la rg e  G e rm a n  u tilities  w ere  u n u su a lly  heavily  cap i
talized en te rp rises . By focusing on  electrical m an u fac tu re rs , histo rians often 
ov erlo o k  th e  le a d in g  ro le  e lec tric  u tilities  p layed  in th e  G e rm a n  econom y. 
In  1927 th e  m ost heavily  cap ita lized  e lec tric  utility  in G e rm a n y  was RW E, 
w hose slock  a m o u n te d  to  155 m illion  re ich sm ark s  ($37  m illion); th e  stock 
o f  A E G , th e  m ost heavily  cap ita lized  e lectrical m a n u fa c tu re r ,  to ta led  186 
m illion  re ic h sm a rk s  (I 'M  m illion). T h e  assets o f  all th e  G e rm a n  electric 
u tilities c o m b in e d  a m o u n te d  to  m o re  th a n  th e  co m b in ed  assets o f  th e  elec
trical m a n u fa c tu re r s .1*6 By 1930, R W E ’s slock to ta led  243  m illion  re ichs
m ark s, w hile  th e  sh a re  cap ita l o f  th e  la rg es t G e rm a n  b a n k — th e  m erg ed  
D eu tsch e  B ank  a n d  D iskon to -G ese llschaft— was 285 m illion  re ich sm ark s.

A su b s tan tia l s h a re  o f  th e  f in an c in g  fo r  R W E  e x p a n s io n  cam e  fro m  the 
N a tio n a l C ity  B ank  o f  N ew  Y ork . In  1925 N atio n a l C ity  lo an ed  th e  utility 
$1 0  m illion ; in 1927, $15  m illion ; a n d  in b o th  1928 a n d  1930, $2 0  m illion. 
In  1931. $7 .5  m illion  m o re  was lo an ed . C o n v e n e d  in to  re ich sm ark s , the 
loans th ro u g h  1930 a m o u n te d  to  273  m illion  RM , w hich  was 30  m illion 
RM m o re  th a n  th e  va lue  o f  RW E sh a re s  as o f  30  Ju n e  1 9 3 1.37 T h e  stock 
o f  R W E h a d  to  be in c rea sed  n o t on ly  to  p ro v id e  fo r  th e  acq u is itio n  o f  o th e r  
u tilities b u t also  because  th e  loans fro m  th e  N a tio n a l C ity  B ank  c a rr ie d  the  
o p tio n  to  buy  th e  utility 's slock. T h ro u g h o u t  th e  d e c a d e  o f  heavy  f inanc ing  
a n d  la rg e  inc rea ses  in th e  n u m b e r  o f  stock  sh a re s , th e  local g o v e rn m en ts  
o f  G e rm a n y  n ev e r th e le ss  re ta in e d  th e  m ajo rity  o f  R W E ’s v o ting  stock .38

T h e  financ ia l p ro b le m s o f  R W E d if fe re d  m ark ed ly  fro m  th o se  o f  the  
P ennsy lvan ia  P ow er & L igh t C o m p an y , a co m p a ra b le  reg io n a l u tility  in the  
U n ited  S ta tes , b u t in te rm s  o f  techn ica l cha rac te ris tic s , th e  tw o system s w ere 
no tab ly  alike in th e  1920s. T h e  sim ila rities o f  th e se  tw o u tilities a re  a ttr ib 
u tab le  in la rg e  p a r t  to  th e  in te rn a tio n a l pool o f  tech n o lo g y  fro m  w hich 
b o th  d re w  a n d  to  th e  c o m m o n  c h a ra c te r  o f  th e  g e o g ra p h y — bo th  h u m a n  
a n d  n a tu ra l— o f  th e  reg io n s  they  su p p lied . T h e i r  d iffe re n c e s  stem m ed  
largely  fro m  th e  c o n tra s tin g  po litics, econom ics, h is to ry , a n d  o rg an iza tio n a l 
fo rm s o f  th e  reg io n s  in w hich  they  evolved .

A c o n tra s t  in  sty le is su g g es ted  by a c o m p a riso n  o f  th e  basic charac te ris tics  
o f  th e  tw o system s (see T a b le  X IV . I, p . 40 9 ).3,1 B o th  R W E a n d  PP& L used

,n G erhard  Dchnc, “G erm an Electrical Industry Capitalized al $1,000,000,” ibid., pp. 966-
67.

”  RW E Geschaftsberichlen, p. 52.
s" Ibid.. pp. 34. 35, 52.

Statistics Tor the Pennsylvania Power & Light Co. are taken from its publication Penn
sylvania Power Id Light Company. 8 vols. in 9 (Allentown. Pa.. 1940?). Volume I is entitled Origin 
and Development of the Company; volume 2, Corporate History of the Company; and volume 3. 
Origin and Development of Predecessor Companies. These three volumes are especially helplul to 
the historian. All volumes will hereafter be cited as PPldL History. 1 am indebted to Mr. Georee
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m in e -m o u ih  p lan ts ; PP& L b u rn e d  lo w -g rade  an th ra c ite  th a t cou ld  n o t be 
econom ically  t ra n s p o r te d  to  th e  m ark e t, a n d  RW E b u rn e d  low -caloric lig
n ite . T h e  two utilities o p e ra te d  a t d if fe re n t freq u en c ies , how ever; RW E at 
50  cycles, PP& L a t 60  cycles. B o th  u tilities tra n sm itte d  at 220 ,0 0 0  volts, a n d  
bo th  w ou ld  in a few y ears reach  o u t to  w ater-p o w er sites to  im p ro v e  the 
econom ic  m ix o f  th e ir  en e rg y  sou rces. O n  th e  o th e r  h a n d , RW E was a 
m ix ed  p riv a te  a n d  g o v e rn m e n t-o w n e d  u tility , w hile PP& L was a p rivate  
h o ld in g  co m p an y .

C o n s id e ra tio n  o f  fifty  years o f  PP& L’s h isto ry  will reveal m o re  o f  the  
cha rac te ris tic s— th e  style— o f  a reg io n a l utility . T h a t  h is to ry  will a lso p ro 
v ide a n o th e r  e x a m p le  o f  th e  way in w hich co n tex t— bo th  reg io n a l and  
n a tio n a l— sh ap es  a n  evo lv ing  system . Especially  no tab le  is th e  fact tha t 
P P& L evo lved , as d id  In su ll’s C o m m o n w ea lth  E d ison  in C h icago , in the 
re la tive  ab sen ce  o f  g o v e rn m e n t reg u la tio n . A lso im p o r ta n t was th e  s tro n g  
d riv e  fo r  g eo g rap h ica l ex p an s io n  th a t p rev a iled  in th e  A m erican  con tex t 
(see Fig. 1.4, p p . 10 -13 ).

P ennsy lvan ia  P ow er & L igh t, like RW E, su p p lied  a p re d o m in a n tly  in 
d u s tr ia l lo ad  in  a co a l-m in in g  a n d  s te e l-p ro d u c in g  reg io n . By 1930, 70 
p e rc e n t o f  its o u tp u t  (k ilow att-hou rs) w en t to  in d u s tria l cu sto m ers . O f  the 
p o w er su p p lie d  to  in d u s try , a d is p ro p o r tio n a te  a m o u n t (45 p e rcen t) w ent 
to  coal m in in g . (See Figs. X IV . 19 a n d  X IV .20.) PP& L’s la rg est sing le  in 
d u s tr ia l cu s to m e r was th e  B e th leh em  p la n t o f  th e  B eth leh em  Steel C o r 
p o ra tio n , th e  s eco n d -la rg es t steel c o m p an y  in  th e  U n ited  States.'’0

P P& L’s c o a l-m in in g  a n d  heavy  in d u s tr ia l load  was co n c e n tra te d  in th e  
L eh ig h  valley o f  P ennsy lvan ia , w hich was, on  a sm alle r in d u s tria l scale, like 
th e  R u h r  valley in  G erm an y . In  a d d itio n  to  th e  B eth leh em  Steel C o rp o 
ra tio n , sm a lle r iro n -  a n d  stee l-re la ted  en te rp r is e s  w ere situ a ted  in  th e  valley, 
w hich  e x te n d e d  in to  th e  la rg e , an th ra c ite  coa l-m in ing  reg io n  o f  n o r th 
e a s te rn  P ennsy lvan ia . A llen tow n , w ith a p o p u la tio n  o f  ab o u t 90 ,000 , was 
th e  la rg est city in  PP& L ’s te rr i to ry , a n d  B eth leh em , a few m iles d is tan t, 
h a d  a p o p u la tio n  o f  60 ,000 . A lso c o n c e n tra te d  in th e  valley w ere th e  cem en t 
in d u s try , s la te  q u a rr ie s , a n d  silk m a n u fa c tu re rs . T o  th e  no rth w est, ab o u t 
50 m iles f ro m  A llen tow n , w ere  th e  a n th ra c ite  fields, th e  n a tio n ’s c e n te r  fo r 
th e  m in in g  o f  th is h a rd ,  h igh -ca lo ric  coal. T h e  Pennsylvania  P ow er & L ight 
C o m p an y  also su p p lie d  th e  a g ric u ltu ra l an d  sm all-industry  d is tric t in th e  
valley o f  th e  S u sq u e h a n n a  R iver n o r th  o f  H a rr isb u rg , th e  s ta te  cap ita l, th e  
p o p u la tio n  o f  w hich  was a b o u t 80 ,000 . In  B rita in , N E SC O  served  a reg ion  
th a t n u r tu r e d  a d is p ro p o r tio n a te  sh a re  o f  th e  n a tio n ’s m in in g  a n d  ind u stry . 
W hile  less o u ts ta n d in g  th a n  N E SC O  in th e  n a tio n a l co n tex t, th e  reg ion  
se rv ed  by PP& L was no tab le  fo r in c lu d in g  betw een  o n e -th ird  a n d  o n e -h a lf  
o f  th e  in d u s try , as m e a su re d  by w age e a rn e rs  a n d  payro ll, in a s ta te  whose 
in d u s tr ia l o u tp u t  ra n k e d  second  in th e  n a tio n .41 T o  th e  so u th  a n d  east o f

Vanderslicc, vice-presidcni and comptroller of PP&L. for the loan o f volumes 1-3. T he PPfdL 
History was p repared as required by the Pennsylvania Public Utility Commission and the 
Federal Power Commission. 

w PPUL History. I: 132, 165.
This estimate o f PP&L's supply o f the stale's industry is based on statistics for the twenty- 

eight counties in which PP&L operated. PP&L served only twelve or the twenty-eight counties 
in their entirety, a large part o f  eight counties, and small portions o f eight others. Ibid.. p.
I M.
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Figure XTV.I9. The Pennsylvania Power id  Light Co.'s total load. Figure X IV .20. The industrial load of Pennsylvania Power id Light.
1921-39. From PP&L History, I: 133. 1926-39. From PP&L History, I: 165.

P en n sy lv an ia ’s cap ita l was L an cas te r C o u n ty , o n e  o f  th e  fo rem o st ag ricu l
tu ra l reg io n s  in th e  U n ited  S ta les  a n d  p a r t  o f  th e  a re a  PP& L served . T h e  
co u n ty  was k n ow n  n o t on ly  fo r th e  rich n ess  o f  its soil b u t a lso fo r the  
assidu ity  o f  th e  A m ish  p e o p le , w ho w ere  s u p e r io r  fa rm e rs . (T h e  Pennsyl
van ia  P ow er & L ig h t C o m p a n y  e n c o u n te re d  in th e  A m ish  p eo p le  an  u n 
u sua l p ro b le m , h ow ever, fo r  th ey  re fu se d , because  o f  th e ir  d e te rm in a tio n  
to  avo id  d e p e n d e n c e  on  la rge-sca le  techno log ica l system s, to  use e lectricity .)

T h e  h is to ry  o f  PP& L serves well as an  e x a m p le  o f  th e  w id esp read  an d  
lo n g -te rm  p ro cess  o f  o rg an iza tio n a l m e rg e r  a n d  con so lid a tio n  th a t has c h a r
ac te rized  th e  h is to ry  o f  e lec tric ity  su p p ly  in th e  U n ited  S la tes  (see Fig. 
X IV .21 ). As in th e  case o f  m any  o th e r  U.S . reg io n a l utilities, PP& L ’s busi
ness h is to ry  c u lm in a te d  in th e  1920s w ith th e  co n so lid a tio n  o f  th e  m e rg e r  
m o v em en t, th e  fo rm a tio n  o f  a h o ld in g -co m p an y  p y ra m id  e m b rac in g  the  
c o m p an y , its p re d e c e s so r  c o m p an ie s , a n d  o th e r  la rg e  reg io n a l system s. T h e  
h is to ry  o f  PP& L is especially  in te re s tin g  because  its b eg in n in g s  a re  asso
c ia ted  w ith  severa l o f  th e  e arlie s t E dison  u tilities. T h e  u ltim a te  conso lida tion  
was c a rr ie d  o u t u n d e r  th e  ausp ices  o f  th e  E lectric  B o n d  & S h a re  C o m pany , 
th e  e n g in e e r in g , m a n a g e m e n t, a n d  financial e n te rp r is e  th a t o r ig in a te d  in 
th e  activities o f  th e  E d ison -based  G en e ra l E lectric C o m p an y .



Figure XIV. 21. Integration of utilities 
(power supply groups) through new 

organizational forms and holding 
companies. Note that in 1905 the merger 

trend accelerated. From I’I’&rL 
History, I: 61.
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T h e  Edison Electric Illum inating  C om pany  o f  S unbury  was o ne  o f  PP&L’s 
no tab le  p re d e c e sso r  co m p an ies . A t S u n b u ry  in 1883 T h o m a s  Edison  an d  
his associates in tro d u c e d  th e  th ree -w ire  system  o f  d is trib u tio n  in resp o n se  
to  o n e  o f  th e  m ost p re ss in g  critical p ro b lem s o f  th e  Edison  system . T h e  
E dison  chem ica l m e te r  fo r  m ea su rin g  th e  co n su m p tio n  o f  electric ity  o n  th e  
cu s to m e r’s p rem ise s  also was tr ie d  o u t th e re . T h e  S u n b u ry  p ro jec t, ac
c o rd in g  to  th e  E d ison  rep re sen ta tiv e s  w ho o rg an ized  it, rev ita lized  T h o m a s  
E dison 's d rastica lly  w an in g  fo rtu n es .

A cco rd in g  to  s ta n d a rd  h is to ries  o f  th e  E dison en te rp r ise s , S u n b u ry  p ro 
vided  E dison  w ith th e  o p p o r tu n ity  to  try  o u t cen tra l-s ta tio n  in can d escen t 
lig h tin g  in sm all cities a n d  tow ns. Edison  called  these  “V illage sta tions."  
C o n su m e rs  w ere m o re  w idely d isp e rsed  th e re  th a n  in cities like New Y ork, 
b u t th e  th ree -w ire  system  re d u c e d  d is trib u tio n  costs by allow ing  th e  voltage 
to  be ra ised  to  220 . By co n n ec tin g  lam ps across an  o u ts id e  a n d  in side  
(n eu tra l)  w ire , 110 volts cou ld  be su p p lied  to  th e  custom ers . (Sec pp . 8 3 -  
84 fo r a d iscussion  o f  th e  th ree -w ire  technology .) E dison estab lished  a n d  
fin an ced  th e  T h o m a s  A. E dison  C o n s tru c tio n  D e p a rtm e n t to  bu ild  “V illage 
s ta tio n s” w hen  th e  financial backers o f  th e  p a re n t Edison E lectric Light 
C o m p an y  failed  to  s u p p o r t his sm all-city v en tu re s .-l2 B efo re  it was ab so rb ed  
in th e  fall o f  1884 by th e  Edison  C o m pany  fo r Iso lated  L ighting , th e  Edison  
C o n s tru c tio n  D e p a rtm e n t installed  cen tra l sta tions in nearly  tw enty  tow ns. 
Five o f  th ese  w ere p red ecesso r com pan ies  o f  Pennsylvania  Pow er & L ight.

P hilip  B. Shaw  o f  W illiam sport, Pennsylvania , th e  s ta le  o f  Pennsylvania 's  
rep re se n ta tiv e , o r  m an ag e r , fo r th e  Edison Electric L ight C o m pany , ob-

”  H arold C. Passer. The Electrical Manufacturers, 1875-1900  (Cambridge, Mass : H arvard 
University Press, 1953). p. 99.
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la in ed  fu n d in g  locally a n d  o rg a n iz e d  elec tric  lig h tin g  co m p an ie s  a t W il
liam sp o rt, S h am o k in , S u n b u ry , M o u n t C a rm e l, a n d  H az le to n , P ennsylva
nia. T h e  five sm all tow ns w ere  s itu a ted  in th e  a n th ra c ite  coal fie lds betw een  
th e  S u sq u e h a n n a  a n d  L eh ig h  rivers  (ex cep t fo r  W illiam sport, w hich was 
loca ted  o n  th e  S u sq u e h a n n a  fa r th e r  n o r th ) . Shaw  o b ta in e d  le tte rs  p a ten t, 
o r  legal a u th o riz a tio n  fo r  th e  c o m p an ie s , b e tw een  th e  fall o f  1882 a n d  the  
fall o f  1883.43 H is reco llec tions o f  th e  system ’s su b se q u e n t h is to ry  d iffe r  
fro m  s ta n d a rd  E d ison  h is to ries . Shaw  reca lled  th a t in th e  fall o f  1882 fo rm e r 
T h o m a s  E d iso n  b o o s te rs  h a d  b eco m e critics a n d  th a t J .  P. M o rg an , in Shaw 's 
p re se n c e , “ [h ad ] c lassed  M r. E d iso n  as an  im p o s to r , a fa k ir  a n d  a c h a r la ta n ” 
becau se  o f  p ro b le m s a n d  de lays in c o n s tru c tio n  o f  th e  P earl S tre e t s ta tion  
in N ew  Y ork  C ity. Shaw  be lieved  th a t “ E d iso n ’s vision o f  g ia n t castles h ad  
c ru m b le d  in to  m icroscop ic  u n its ” a n d  th a t E d ison  h a d  becom e a p e rs is ten t 
pessim ist.44 S haw ’s a cco u n t th e n  n o te d  h is u rg in g  th e  d e sp o n d e n t  E dison 
to  try  h is system  in sm all tow ns, w h e re  gas ligh t was ex p en s iv e  a n d  coal 
in ex p en s iv e , r a th e r  th a n  in  th e  la rg e  cities. E d ison  th e n  n a m e d  Shaw  th e  
Ed ison  re p re se n ta tiv e  fo r P ennsy lvan ia  a f te r  Shaw  d esc r ib ed  his p r io r  ex 
p e r ie n c e  as p ro m o te r  o f  p a te n te d  devices. Shaw  ra ised  cash  fro m  p e rso n s 
in W illiam sp o rt a n d  e lsew h ere  in th e  re g io n ; a r r a n g e d  fo r  th e  Edison  
C o n s tru c tio n  D e p a r tm e n t to  b u ild  th e  p lan ts ; a n d  n e g o tia te d  th e  ex ch an g e  
o f  cash  a n d  th e  slock  o f  th e  local co m p an ie s  fo r  an  E d ison  license a n d  
e q u ip m e n t f ro m  th e  E d ison  E lectric  L igh t C o m p an y , w hich h e ld  th e  E dison 
p a te n ts .45 A fte r  co n s tru c tio n  b eg an  on  th e  p lan ts  in S u n b u ry  a n d  th e  o th e r  
tow ns, “a w ild ru sh  fo r  p a re n t co m p an y  stock  e n su e d , a n d  th e  stock with 
a p a r  va lue  o f  $ 1 0 0  sk y ro ck e ted  to  $4 4 0 0  p e r  s h a re .” T h e re fo re ,  it was no  
id le  guess , S haw  v e n tu re d , “to  a ssu m e th a t to  P en n sy lv an ia , a n d  particu la rly  
to  th e  tow ns above  m e n tio n e d , be lo n g s th e  c re d it  a n d  d is tin c tio n  o f  h av ing  
re scu ed  fro m  to ta l su b m e rg e n c e  th e  g rea te s t in d u s try  ev e r  conce iv ed ."46

By d ra w in g  on  e a r lie r  e x p e r ie n c e  w ith  an  ab o v e -g ro u n d  transm ission  
system  th a t h a d  b een  fu n d e d  on  a sm all scale by th e  E d ison  E lectric  Light 
C o m p a n y  a t R oselle, N ew  Je rse y , in 1882, E d ison  d e s ig n e d  th e  cen tra l-  
sta tio n  a n d  d is tr ib u tio n  system  fo r S u n b u ry .47 (T h e  th re e -w ire  system  was 
no t u sed  in Roselle, how ever.) Edison sent W. S. A ndrew s a n d  F rank  S p rague 
to  S u n b u ry  to  su p e r in te n d  c o n s tru c tio n  a n d  to  tra in  local m en  d u r in g  
c o n s tru c tio n  to  o p e ra te  th e  E dison  E lectric I llu m in a tin g  C o m p an y . W ith 
th o u sa n d s  o f  s p e c ta to rs  o n  h a n d , E dison  in a u g u ra te d  th e  system  o n  4 Ju ly  
1883 in a tow n n u m b e r in g  n o  m o re  th a n  6 ,000  p eo p le . A n u m b e r  o f

■’’ T he five utilities ultimately became part o f Pennsylvania Power & Light. Shaw also 
established a company at Bellefontc, Pa. See "M em orandum  Data for use by the Publicity 
Division o f the Franklin Institute o f Pennsylvania." Unsigned, but authored  by Shaw, this 
memo (on file at the Franklin Institute Museum Archives. Philadelphia. Pa.) was probably 
written du ring  the early 1930s when the original dynamos anti steam engines from the Edison 
station at Sunbury were on loan to the Franklin Institute. I am indebted to A nne Millbrooke 
for calling my a ttention to this docum ent and Tor permission to refer to her unpublished 
research paper. "Electricity in Central-Eastern Pennsylvania: Pennsylvania Power Sc Light 
Com pany and Its Predecessors," done at the University o f Pennsylvania in the fall o f 1976.

44 Shaw, "M em orandum ."
" ‘ Edison Electric Light Co., Hullrtm, Septem ber 1883, pp. 46-48.
4nShaw, "M em orandum ."
47 Edison Electric Light Co.. Rulletin, Septem ber 1883, p. 47.
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Figure XIV.22. Edison direct-current, 
three-wire-distribution central station in 

Sunbury, Pa. Courtesy of the Edison 
Archives, Edison Natioiml Historic Site, 

West Orange, N.J.

c o m m e rc ia l b u ild in g s  a n d  b o u s e s  w e re  lit, in c lu d in g  th e C ity  H o te l. T h e  
c e n tra l sta tio n  w as a sm all w o o d e n  s t ru c tu re  h o u s in g  a B a b c o c k  a n d  W ilcox 
b o ile r  a n d  tw o “ L "  ty p e  E d iso n  g e n e ra to r s  b e lted  to h ig h -sp e e d  A r m in g to n  
8c S im s steam  e n g in e s  (see  F ig . X I  V .2 2 ) . T h e  sy stem  h a d  a c a p a c ity  o f  al>oui 
s ix  h u n d r e d  fif ty  10 -c .p . in c a n d e sc e n t lam ps."18 W ith te ch n ic a l a d v ic e  an d  
e q u ip m e n t  fro m  th e  p a r e n t  E d is o n  c o m p a n y  c o n tin u in g  to b e  g iv e n  in 
e x c h a n g e  fo r  b o n d s a n d  sto ck , S u n b u r y  e x p a n d e d  a n d  by 188H  se rv e d  
m o re  th an  a h u n d r e d  c u s to m e rs  a n d  ab o u t 1 ,2 0 0  la m p s.'10 T h e  c o m p a n y  
w as re o r g a n iz e d  a n d  in v o lv e d  in m e rg e r s  se v e ra l tim es b etw een  18 8 8  an d  
1 9 1 1 ,  w h en  it w as a b so rb e d  by th e N o r th u m b e r la n d  C o u n ty  G a s  8c E lectric  
C o m p a n y  a n d  lost its c o r p o r a te  id en tity . N o r th u m b e r la n d  w as la ter  a c 
q u ir e d  by P e n n sy lv a n ia  P o w e r  8c L i g h t . '0

S m a ll u tilitie s w ith  E d is o n  lic en se s, lik e  th e u tilitie s es ta b lish e d  by S h a w , 
b e g a n  o p e r a t in g  in o th e r  p a r ts  o f  e a s te rn  a n d  n o rth e a s te rn  P e n n sy lv a n ia  
a n d  e v e n tu a lly  w e re  in te g r a te d  in to  a re g io n a l sy stem  by th e  P e n n sy lv a n ia  
P o w e r  8c L ig h t  C o m p a n y . T h o m a s  E d iso n  an d  th e E d iso n  E lec tr ic  L ig h t 
C o m p a n y  lo o k  slo c k  fro m  th ese  c o m p a n ie s  in p a r tia l e x c h a n g e  fo r  e q u ip 
m e n t a n d  a d v ic e . T h u s  b e g a n  a lo n g  h isto ry  o f  m a n u fa c tu re r  in f lu e n c e  in 
u tility  o p e r a t io n . T h e  lo ad  c a r r ie d  in th e  e a r ly  sta tio n s w as m o stly  in 
c a n d e sc e n t lig h t in g  su p p le m e n t e d  in so m e cases by a c o m p le m e n ta ry  arc- 
l ig h t in g  p la n t  m a d e  u p  o f  e q u ip m e n t  fro m  o n e  o f  th e  e a r ly  a rc - lig lu  
m a n u f a c t u r e r s — T h o m s o n - H o u s t o n , E x c e l s io r , B r u s h , U n ite d  S ta te s , 
A m e r ic a n , S c h u y le r , S p e r r y ,  a n d  W esto n , fo r  e x a m p le . A  p o o r  lo ad  fac to r  
r e su lt in g  fro m  th e a b se n c e  o f  lo ad  o th e r  th an  lig h tin g  a n d  a h ig h  p eak  
d u r in g  th e e v e n in g  h o u r s  w e a k e n e d  th e sm all u tilitie s, h o w e v e r . T h e ir  
p e r ilo u s  s itu a tio n  d e te r io r a te d  fu r th e r  w h en  “ th e b attle  o f  th e  sy stem s" 
m a n ife s te d  it s e lf  o n  th e  lo ca l le ve l in th e la te r  18 8 0 s  w ith th e  a p p e a ra n c e  
o f  c o m p e tin g , a lte r n a t in g - c u r r e n t  lig h tin g  sta tio n s u sin g  W e st in g h o u se , 
T h o m s o n - H o u s t o n , a n d  o th e r  n o n -E d iso n  e q u ip m e n t. T h e  c o m p e tit io n  
f ro m  a lte r n a t in g - c u r r e n t  sta tio n s in sm all tow n s w as e sp e c ia lly  sh a r p  fo r  
d ir e c t- c u r r e n t  u tilit ie s  b e c a u se  th e c o m p e t ito r ’s a .c . d istrib u tio n  at 1 ,0 0 0  
vo lts o r  m o re  in c r e a se d  th e  a r e a  o f  e c o n o m ic a l se rv ic e . T h e  a.c . u tilitie s 
a lso  h e ld  an  a d v a n t a g e  b e c a u se  a r c - lig h t in g  a n d  a lte r n a t in g -c u r r e n t , in 
c a n d e sc e n t sy ste m s w e r e  c o m p a tib le  (b oth  u sed  h ig h  vo ltag es) . B y  19 0 0  th e 
e r a  o f  d u p lic a t io n  o f  fac ilit ie s  a n d  co m p e tit io n  h a d  b ro u g h t th e  e s ta b lish 
m e n t o f  n o  less th an  s ix t y - fo u r  d i f fe r e n t  c o m p a n ie s  se rv in g  e ig lu y -e ig h t 
c o m m u n itie s  in th e  re g io n  th at w as la te r  to b e se rv e d  by th e P en n sy lv an ia  
P o w e r  &  L ig h t  C o m p a n y . T h e  te ch n ic a l ch a ra c ter istic s  o f  th ese  system s

Inform ation on the early history o f the Edison Electric Illuminating Co. o f Sunbury can 
be found in the Pennsylvania Power Sc Light Co. Papers at the Eleutherian Mills Historical 
Library in W ilmington (Greenville), Del. (hereafter cited as PP&L Papers). These papers 
include financial records, such as ledgers and journals, and formal records, such as minute 
books, o f the predecessor companies of PP&L, which was formed in 1920. For instance, 
among the papers arc a photostatic copy or the first Minute Book and the original of the 
second Minute Book o f the Stinbury company. I am indebted to Dr. Richmond Williams and 
Mr. H ugh Gibb for guidance in the use or these papers. Sec also W. S. Andrews. "1 lie Story 
of Sunbury Station," Popular Electricity 3 (1910): 391-93; H arry L. and Samuel K cefrr. " In 
stallation in Sunbury or First T hree  Wire System," Sunbury Daily Item, 25 May 1916

Millbrookc, "Electricity in Central-Eastern Pennsylvania," p. 15.
»»T he competition am ong electric utilities in Simbury from 1900 to 1911 is succinctly 

chronicled in PPfdL History, 3: 30-32.
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varied  w idely in  level o f  v o ltage  a n d  freq u en cy  as well as in type  o f  c u r re n t .51 
T h e  situ a tio n  was pa ro ch ia l.

F ro m  a b o u t 1895 to  1910 th e  e ffec ts  o f  “th e  b a ttle  o f  th e  system s” a t
te n u a te d  w ith th e  re so lu tio n  m a d e  possib le  by c o u p le rs , b u t th e  e lec trifi
ca tion  o f  s tre e tc a rs  a n d  th e  e x p lo ita tio n  o f  h y d ro e lec tric  p o w er b ro u g h t 
a d d itio n a l c h a llen g es  fo r  th e  utilities. Som e tra n s it  co m p an ie s  u sed  pow er 
fro m  e x is tin g  u tilities, b u t o th e rs  b u ilt th e ir  ow n po w er p lan ts . T h e  ex isting  
u tilities c o u ld  have  su p p lie d  th e  s tre e tc a r  co m p an ie s  e ith e r  by a d d in g  d.c. 
eq u ip m e n t o r  by u s in g  c o n v e rte rs  if  th e ir  g e n e ra to rs  w ere  th e  a.c. type, 
b u t th e  tra n s it  co m p an ie s , be liev ing  th a t th e  tra n s it  load  was su ffic ien t o r 
th a t it c o u ld  be  s u p p le m e n te d  by o b ta in in g  th e ir  ow n fran ch ise s  to  supp ly  
ligh tin g , p u rs u e d  th e ir  goals in d e p e n d e n tly . P ow er co m p an ie s  w ith hy 
d ro e le c tr ic  s ta tio n s  also co m p e te d  w ith th e  ex is tin g  l ig h tin g  com p an ie s  by 
o b ta in in g  d is tr ib u tio n  r ig h ts  in stead  o f  se lling  p o w er w ho lesale  to  th e  u til
ities. T h e s e  d e v e lo p m e n ts  in P ennsy lvan ia  re flec ted  w hat was h a p p e n in g  
th ro u g h o u t  th e  utility  in d u s try .5'2 A su m m a ry  o f  th e  h is to ry  o f  several 
u tilities  in n o r th e a s te rn  P ennsy lvan ia— la te r  PP& L’s te r r ito ry — is in  m any 
ways re p re se n ta tiv e  o f  th e se  tre n d s  (see Fig. X IV .23).

O rg a n iz e d  in 1886, th e  E d ison  E lectric  Il lu m in a tin g  C o m p a n y  o f  L an 
caste r, P en n sy lv an ia , a d a p te d  to  c h a n g e  w h en  in 1892 it in sta lled  a s ep a ra te  
a lte rn a t in g -c u r r e n t  d is tr ib u tio n  system . N ev e rth e le ss , “th e  ba ttle  o f  th e  sys
te m s” m a d e  its way to  L an cas te r in 1893 w h en  W estin g h o u se  in te rests  
e s tab lish ed  a seco n d  u tility , th e  C itizens E lectric  L igh t, H e a t & P ow er C o m 
pan y , in  th is  sm all city. T h e  tw o c o m p a n ie s  c o m p e te d  fo r  a b o u t tw o years 
un til th e  E d iso n  C o m p a n y  b o u g h t th e  C itizens C o m p an y , a b a n d o n e d  the  
less e ffic ien t, E d ison  g e n e ra tin g  p lan t, a n d  m oved  so m e  e q u ip m e n t to  the  
n ew er p o w er p la n t a cq u ire d  in th e  p u rc h a se . T h e  rise  o f  h y d roe lec tric iiy  
th e n  h ad  local re p e rc u ss io n s  as a new  c o m p an y , th e  L an cas te r E lectric  L ight, 
H ea t & P ow er C o m p a n y , in c o rp o ra te d  in 1897, su p p lie d  L an caste r from  
th re e  a.c. h y d ro e le c tr ic  p lan ts  a lo n g  C o n es to g a  C reek . T h e  co m p e titio n  so 
re d u c e d  p rice s  th a t th e  E dison  C o m p a n y  was u n a b le  to  d e c la re  d iv id en d s 
fo r severa l years. In  1902, h ow ever, th e  E d ison  C o m p a n y  ag re e d  to  lake 
o v e r th e  e n t i re  p o w e r p ro d u c tio n  o f  th e  h y d ro e le c tr ic  co m p an y  a n d  its 
d is tr ib u tio n  facilities in L an cas te r, th e re b y  in itia tin g  a process  o f  in te g ra 
tion . T h e  in te g ra tio n  o f  th e rm a l a n d  h y d ro e lec tr ic  facilities in tu rn  led to 
th e  in s titu tio n  o f  a load  d isp a tc h e r  to  m a n a g e  th e  d iv e rse  p o w er supp lies  
to  ach ieve o p tim a l eco n o m ies.

T h e  early  h is to ry  o f  e lec tric  su p p ly  in L an caste r d if fe re d  in o n e  respect 
fro m  u tility - in d u s lry  tre n d s ; a tran sit co m p an y  d id  no t co m p lica te  an d  
stim ulate  deve lopm en ts. E lsew here in easte rn  Pennsylvania, how ever, transit 
co m p an ie s  d id  s h a p e  h isto ry . In  A llen tow n , a sm all city in th e  L eh igh  valley,

51 Ibid.. 1: 5-6.
”  Uiiliiy industry trends am ong hundreds of small utilities in the U nited Stales are defined 

and described by Forrest McDonald in Let There lie Light: The Utility Industry in Wisconsin. 
I 8 8 I- I 9 S } (Madison. Wis.: T he  American History Research Center. 1957). McDonald pro
vides an overview for the different phases o f utility history in Wisconsin on pp. 3 -32, 103- 
25, 181-201, and 299-322. Thom as C. Marlin also provides overviews o f trends in U.S.. 
D epartm ent of Com merce. bu reau  of the Census, Special Reports of Central Electric Light and 
Power Stations (W ashington, D.C.: CTO, selected years). See, for example, the Report for 1907 
(published in 1910), pp. 96-123; and the Report for 1912 (published in 1915), pp. 111-76.



Figure XIV. 23. Corporate history o f the 
Pennsylvania Power fcf Light Co. From 

PP&L History, 2. xviit.
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a lig h tin g  co m p a n y  was e s tab lished  in th e  1880s. A bou t 1890, w hen  the 
p o ten tia l load  o f  th e  A llen tow n E lectric L ight & Pow er C o m p an y  ex ceeded  
th e  c o m p a n y ’s ab ility  to  fin an ce  th e  ad d itio n a l p lan t, th e  In d u s tr ia l Im 
p ro v e m e n t C o m p a n y  o f  B oston  a r ra n g e d  fo r  th e  A llen tow n & B eth lehem  
R apid  T ra n s it  C o m p an y , w hich was a lread y  o p e ra tin g  a tran s it n e tw ork  
a n d  a p o w er p lan t, to  lake  o v e r  th e  co m m o n  stock  o f  th e  A llen tow n Electric 
L ight & Pow er C o m p an y  a n d  to  e n la rg e  its g en e ra tin g  p lan t to  serve bo th  
th e  tra n s it n e tw o rk  a n d  th e  d is tr ib u tio n  system  o f  th e  A llen tow n Pow er 
C o m p an y . In  1903 th e  s itu a tio n  was fu r th e r  ra tiona lized  w hen  a new  com 
p any , th e  L eh ig h  V alley T ra n s it  C o m p an y , acq u ired  th e  A llen tow n 8c B e th 
lehem  R ap id  T ra n s it  C o m p an y  a n d  th e  A llen tow n Electric Light 8c Pow er 
C o m p an y . In  1913, th e  L ehigh  Valley T ra n s it  C o m p an y  m erg ed  a n d  c o n 
so lid a ted  th e  A llen tow n  E lectric L ight 8c Pow er C o m p an y  a n d  a n u m b e r 
o f  sm all p ro p e r tie s  it h ad  a c q u ired  in to  th e  L eh igh  Valley Light 8c Pow er 
C o m p an y , a p rin c ip a l p red ecesso r o f  PP& L.53

A n o th e r  s tag e  in th e  p re h is to ry  o f  th e  PP& L began  with th e  in tro d u c tio n  
o f  th e  tu rb in e  a n d  h igh -vo ltage  transm ission . T h e  new techno logy  .stimu
lated  in te g ra tio n  in n o r th e a s te rn  Pennsylvania  as it had  in th e  reg ions 
se rved  by RW E a n d  N ESC O . T h e  relatively sh o rt h istory  o f  th e  H arw ood 
E lectric P ow er C o m p an y , a p red ecesso r o f  th e  P ennsylvania Pow er & Light 
C o m p an y , p ro v id es  an  e x am p le  o f  th e  p rocess o f  in teg ra tio n  a n d  th e  fo r
m ation  o f  d istric t system s. In  1907, th e  o p e ra to r  o f  an  a n th rac ite  m ine, 
C alvin P a rd ee , f inanced  a n d  o rg an ized  th e  H arw ood E lectric Pow er C o m 
p any. T h e  co m p an y  was d esig n ed  to  p re s id e  over a m in e-m o u th  pow er 
s ta tion  in th e  a n th ra c ite -m in in g  distric t n e a r  th e  sm all tow n o f  H azleton

”  PPVI. History. 3: 2-G.
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in n o r th e a s te rn  P en n sy lv an ia . M in e -m o u lh  p lan ts  w ere n o t new ; RW E’s 
first p la n t was b u ilt a t th e  V icto ria  M ath ias m ine  in Essen. P a rd ee  tra n s 
fe r re d  severa l sm all tu rb o g e n e ra to rs  a n d  th e  stock o f  th e  H arw o o d  Coal 
C o m p a n y  to  cap ita lize  th e  new  c o m p an y . T h e  te m p o ra ry  p la n t h a d  two 
300-kw . W e stin g h o u se -P a rso n s  m ach in es  a n d  o n e  500-kw . G en e ra l E lectric 
tu rb o g e n e ra to r ,  b u t by 1913 its capac ity  h a d  risen  to  12,000 kw. a n d  th e  
p la n t h a d  ach iev ed  th e  s ta tu s  o f  a d is tric t sta tio n . T h e  p la n t sto o d  a longside  
a la rg e  coal b re a k e r ,  w h e re  c h u n k s  o f  coal f ro m  th e  m in e  w ere b ro k en  
d o w n , c le a n e d , g ra d e d ,  a n d  so r te d  a c c o rd in g  to  size. T h e  p o w er p lan t's  
capac ity  e x c e e d e d  th e  m in in g  a n d  in d u s tr ia l load  in  th e  fran ch ise  a re a  o f  
th e  new  c o m p a n y , so, by stock  p u rc h a se  a n d  m e rg e r , P a rd e e  a c q u ire d  the  
te r r ito ry  o f  th e  C o n su m e rs  E lectric  L ig h t 8c P ow er C o m p an y  o f  H az le ton , 
w hich  h a d  b e e n  fo rm e d  in  1906 to  a cq u ire  c h a r te r  rig h ts  to  d is tr ib u te  
e lec tric ity  in  H az le to n . U sing  p o w er f ro m  th e  H arw o o d  p la n t, th e  C o n 
su m e rs  C o m p a n y  r e n d e re d  serv ice m o re  econom ica lly  th a n  an  o ld e r  com 
p e tito r ,  th e  H az le to n  E lectric  L igh t & P o w er C o m p an y , th e  successo r to  
th e  E d iso n  C o m p a n y  e stab lish ed  by P h ilip  B. Shaw  in 1883. B ecause o f  its 
a n t iq u a te d  e q u ip m e n t,  so m e  o f  it th e  E d ison  d ire c t-c u r re n t  type , th e  H a 
zle to n  C o m p a n y  was u n a b le  to  c o m p e te  a n d  so ld  o u t to  P a rd e e  in  1 9 I2 .54

In  1913 th e  L eh ig h  C oal 8c N av iga tion  C o m p a n y — w hich  is n o t to  be 
c o n fu se d  w ith th e  L eh ig h  V alley L igh t 8c P ow er C o m p a n y — c o n s tru c te d  
a n o th e r  d is tr ic t s ta tio n  e q u ip p e d  w ith tu rb o g e n e ra to rs  on ly  10 m iles from  
H arw o o d , a t H a u to . O n e  o r  th e  n a tio n ’s o ld est in d u s tr ia l  co rp o ra tio n s , the  
L eh ig h  C oal 8c N av iga tion  C o m p an y  h ad  b een  fo u n d e d  in 1822 to  exp lo it 
th e  a n th ra c ite  fie ld s a n d  to  b u ild  a cana l system  to  tra n s p o r t  th e  an th ra c ite  
o u t o f  n o r th e a s te rn  P en nsy lvan ia  to  th e  P h ilad e lp h ia  p o r t  a n d  m a rk e t. O v er 
th e  years  th e  c o m p a n y  h a d  a c q u ire d  ex ten siv e  coal fie ld s a n d  re la te d  m a n 
u fa c tu r in g  a n d  t r a n s p o r ta tio n  facilities, especially  in th e  L eh ig h  valley.55 
Its ab ility  to  m ove cap ita l f ro m  m in in g  to  tra n sp o r ta tio n  a n d  th e n  to  electric  
p o w e r m a d e  it a h igh ly  a d a p ta b le  en e rg y  a n d  in v es tm en t e n te rp r is e . T h e  
co m p an y  h a d  in c o rp o ra te d  th e  L eh ig h  N av iga tion  E lectric  C o m p an y  in 
1912 fo r  th e  p r im a ry  p u rp o s e  o f  su p p ly in g  elec tric ity  to  its coal m ines in 
C a rb o n  C o u n ty , to  cem en t m ills in th e  L eh igh  valley, a n d  to  th e  B e th leh em  
S teel C o m p a n y  in B e th leh em , a b o u t 30 m iles f ro m  H au to , w h e re  th e  new 
p o w er p la n t was to  be s itu a te d .56 T h e  initial e q u ip m e n t a t th e  H a u to  in 
s ta lla tio n  co n sis ted  o f  th re e  10,000-kw . G en e ra l E lectric  tu rb o g e n e ra to rs . 
T h e  H a u lo  p o w er p la n t was also  a m in e -m o u th  in sta lla tion .

In  1913 th e  L eh ig h  N av iga tion  E lectric  C o m p an y  co n tin u e d  th e  tre n d  
to w ard  o rg a n iz a tio n a l in te g ra tio n  by p u rc h a s in g  fro m  A lfred  D. P a rd ee  
c o n tro llin g  slock  in th e  H a rw o o d  E lectric  C o m p an y  (fo rm erly  th e  H arw ood  
E lectric  Pow er C o m p an y ), a n d  th e n  in 1915 m a in ta in e d  a techn ica l tre n d  
by in te rc o n n e c tin g  its H a u to  p la n t w ith th e  H a rw o o d  p lan t. T h e  a g re e m e n t 
b e tw een  th e  L eh ig h  N av iga tion  E lectric  C o m p an y  a n d  (he H arw o o d  C oin-

Ibid., I: 12.
81II. Benjamin Powell, Philadelphia's First Fuel Crim (University Park: Pennsylvania Slale 

University Press, 1978), pp. 82-84.
,nTlic  m erger and consolidation agreem ent by which llie Lehigh Navigation Electric Co. 

was Conned was dated 23 December 1912. See Minute Book. I^h igh  Navigation Electric Co., 
27 July 1913 to 30 July 1919. item 7019. PP&L Papers.
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pany, w hich re ta in e d  its c o rp o ra te  iden tity  d e sp ite  L eh igh  o w n ersh ip , in 
c lu d ed  a com plex  a n d  re so u rce fu l a rra n g e m e n t fo r po w er e x c h a n g e .37 T h e  
technical m e rg e r  was m ad e  possible by th e  use o f  a c o u p le r  in th e  fo rm  of 
a 6 ,000-kw . 25/60-cycle freq u en cy  ch an g e r. T h e  “sh o rt fo rm  m e rg e r  act of 
1876” o f  P ennsy lvan ia , which p e rm itte d  o n e  co m p an y  to  sell its franch ises 
a n d  its p ro p e r ty  to  a n o th e r , facilita ted  th is a n d  sim ila r m e rg e rs .58

By 1917 th e  L eh igh  C o m p an y  h ad  bu ilt u p  d e m a n d  to  a c o n n ec ted  load 
o f  2 4 ,100  kw., b u t it was p re d o m in a n tly  a large, in d u s tria l-cu s to m er load. 
It h ad  only  112 c u s to m ers  a n d  63 p e rcen t o f  th e  pow er it de liv e red  was 
used  by five c em en t com pan ies . T o  m eet d e m a n d , th e  c o m p an y  period ically  
b o rro w ed  m oney  (un til its d e b t was o v e r a m illion do lla rs) fro m  th e  L eh igh  
C oal 8c N av iga tion  C o m p an y  to  fin an ce  co n s tru c tio n  o f  po w er p lan ts  a n d  
tran sm issio n  a n d  d is tr ib u tio n  lines. T h e  financial tran sac tio n s w ere facili
ta ted  by S. D. W a rr in e r , w ho was p re s id e n t o f  bo th  com pan ies .

T h e  dec is io n -m ak in g  process  a n d  th e  m odes o f  d ev e lo p m en t ad o p te d  
fo r  th e  L eh ig h  N av iga tion  E lectric  C o m p an y  ch an g ed , how ever, in th e  fall 
o f  1917. S. Z. M itchell, p re s id e n t o f  E lectric B ond  8c S h a re , was p re sen t at 
th e  L eh igh  C o m p a n y ’s b o a rd  o f  d ire c to rs ’ m ee tin g  on  12 S e p te m b e r  1917. 
D u rin g  th e  m ee tin g , severa l m em b ers  o f  th e  bo a rd  resig n ed  a n d  new  ones, 
in c lu d in g  M itchell, w ere n a m ed . T h e  m in u te s  laconically sta te  th a t subse
q u e n t to  his e lec tion , M itchell took  p a r t  in th e  p ro ceed in g s. H e  n o t only 
look  p a r t,  h e  b ecam e th e  e n g in e e r  o f  c h an g e . T h e n c e fo r th , E lectric B ond 
& S h a re , th ro u g h  its h o ld in g  co m p an ies , d e te rm in e d  th e  policy o f  the  
L eh igh  N av iga tion  E lectric  C o m p an y  a n d  m uch  o f  th e  u tility  business in 
e a s te rn  P en n sy lv an ia .59

M itchell a n d  S. D. W a rr in e r  a tte n d e d  th e  b o a rd  m eetings o f  th e  L ehigh  
C o m p an y  th ro u g h o u t  1918, b u t n o t un til Ju ly  1919 was th e  im p en d in g  
tra n s fo rm a tio n  in  co m p an y  o rg an iza tio n  revea led . T h e  m in u te s  o f  th e  Ju ly  
29 m ee tin g  in c lu d e  a s ta tem en t o f  business an d  technological policy tha t 
was u sed  by h o ld in g  co m p an ie s  to  ju s tify  th e  tra n sfo rm a tio n  o f  th e  e lectric 
su p p ly  in d u s try  th ro u g h o u t  th e  co u n try . T h e  policy was inventive; a t least 
fo r a lim e, it so lved  a critical p ro b lem  o f  electric  s upp ly  th a t was c om p arab le  
in se rio u sn ess  to  th e  techno log ical p ro b lem s Edison  solved w hen he in tro 
d u c e d  th e  h ig h -re sis tan ce  lam p. F o u r  d ecad es earlie r, th e  critical-p rob lem  
so lver (E dison) was a t M enlo  Park ; in 1919 he  (M itchell) w orked  o u t o f  th e  
N ew  Y ork  o ffices o f  E lectric  B ond  8c S hare . A p p ro p ria te ly , Edison , the  
in v e n to r -e n tre p re n e u r ,  a n d  M itchell, th e  f inanc ie r, p re sid ed  ov er d iffe re n t 
phases  o f  th e  h is to ry  o f  e lectric  supp ly  system s (see pp . 14 -17  above).

T h e  usually  m atte r-o f-fac t m in u te s  ex p la in ed  th a t th e  L eh igh  N avigation  
E lectric C o m p an y  cou ld  acq u ire  on  reasonab le  te rm s  th e  fu n d s  n eed ed  to 
p ro v id e  th e  serv ice d e m a n d e d  o f  it only if  a m e rg e r  was o rg an ized  a n d  th e  
com b in ed  p ro p e r tie s  p led g ed  as security , a n d  only if  th e  com bined  com 
p an ies  in creased  th e ir  e a rn in g s  th ro u g h  th e  ra tiona liza tion  o f  techno logy  
a n d  econom ies o f  scale. T h e  p a r ticu la r  m e rg e r  th e  b oard  h ad  in m ind  was

"M ee ting  o f the Board or Directors. 23 June  1915, Minute Book. Lehigh Navigation 
Electric Co.. ibid.

»»This short history o r the Lehigh Navigation Electric Co. is based on PPlđl. History. I: 
15-16 and 2: v-vi.

»"Meeting o r the Board of Directors. l2Scplcm bcr 1917. Minute Book. Lehigh Navigation 
Electric Co., item 7019. PPHcL Papers.
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Figure X IV .24. Achieving an economic m u of power Uotiom to meet vniying demanti. From PP&L History. / :  191.

th a i o f  th e  L eh ig h  N av iga tion  E lectric  C o m p a n y  a n d  th e  L eh igh  Valley 
L ight 8c P ow er C o m p an y , th e  la tte r  hav in g  b e e n  fo rm e d  in 1913 by th e  
L eh ig h  Valley T ra n s it  C o m p a n y  fro m  sm all utilities in th e  A llen tow n  a n d  
B e th leh em  a re a .fi0

T he tw o c o m p a n ie s  m e rg e d  a n d  c o n so lid a ted  in July 1919 to  fo rm  “T h e "  
[a d d itio n  o f  th e  d e f in ite  a rtic le  c o n s titu te d  th e  on ly  c h a n g e  in n am e] L ehigh  
V alley L igh t 8c Pow er C o m p an y . T h e  stock tran sac tio n s  involved  in the  
m e rg e r  su g g est th e  n a tu re  o f  th e  financ ia l a n d  b usiness re o rg a n iz a tio n  tha t 
took  place. T h e  co m p lex ity  o f  th e  tran sac tio n s  su g g ests  why m any  utility 
h e a d s  a t th e  lim e  w ere k n ow n  m o re  fo r th e ir  f inancial in g en u ity  th a n  fo r 
th e ir  ability  to  solve tech n o lo g ica l a n d  m an ag e ria l p ro b lem s. T h e  o ld  Le
h ig h  Valley L ight & Pow er C o m p a n y  h ad  co m m o n  stock o u ts ta n d in g  
a m o u n tin g  to  $64 1,700, a n d  for this the  new com pany  exchanged  $1,500,000 
o f  p re fe r r e d  stock . T h e  L eh igh  N av iga tion  E lectric C o m p a n y ’s $ 3 ,037 ,000  
o f  co m m o n  slock  was e x c h a n g e d  Tor $2 ,1 7 8 ,7 0 0  o f  th e  new  co m p a n y ’s 
co m m o n  slock . T h e  $ 3 ,6 7 8 ,7 0 0  o f  o u is la n d in g  co m m o n  stock o f  th e  two 
o ld  c o m p an ie s , th e n , was ex c h a n g e d  fo r  $ 3 ,6 7 8 ,7 0 0  o f  stock o f  th e  new 
(som e p re fe r r e d ,  so m e  co m m o n ). S h a re  fo r sh a re , th e  new  p re fe r r e d  stock 
was v a lu ed  less h igh ly  th a n  th e  co m m o n  stock o f  L eh ig h  V alley Light 8c 
Pow er, w hile th e  new  co m m o n  stock  was v a lued  m o re  h ighly  th a n  th e  old

MeciiiiR o f llie Hoard o f Directors, 29 July 1919, ibid.
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co m m o n  stock o f  th e  L eh ig h  N av iga tion  E lectric C o m pany . “T h e "  Lehigh  
V alley L ight 8c P ow er C o m p an y  th u s  h ad  a u th o riz e d  co m m o n  stock  valued 
a t $4 ,1 5 0 ,0 0 0  a n d  p re fe r re d  stock  valued  a t $ 1 ,700 ,000 , w hich in co m b i
n a tio n  eq u a led  th e  au th o riz e d  co m m o n  stock  o f  th e  tw o o ld  com pan ies, 
T h e  o ld  co m p an ie s  h ad  n o t listed p re fe r re d  stock. T h e ir  b o n d e d  in d e b t
e d n ess  a m o u n te d  to  $619 ,5 0 0  (LV L& P) a n d  $ 3 ,909 ,000  (L N E C ).01

W ith in  a m o n th  a f te r  th e  s la te  o f  P ennsylvania  issued  le tte rs  p a ten t es
tab lish in g  th e  new  co m p an y , th e  co m p an y ’s b o a rd  o f  d irec to rs  d iscussed  
th e  ra is in g  o f  $3 m illion  to  ca rry  o u t th e  technological s teps  it th o u g h t 
n ecessary  to  m ee t d e m a n d . A d d itio n a l capacity  was p la n n e d  fo r  th e  H au to  
an d  A llen tow n  p lan ts , a n d  new  transm ission  lines w ere to  be co n s tru c ted  
a n d  o ld  o n es ra ised  fro m  22 kv. to  66 kv. In  co n ju n c tio n  w ith th ese  changes, 
o th e r  co m p o n e n ts  o f  th e  en la rg e d  system , such  as sw itches a n d  tra n s 
fo rm ers , w ere to  be a d d e d  o r  rep laced . T h e  in te rre la tio n sh ip  o f  financial 
a n d  techno log ica l so lu tio n s was c lea r.62

T h e  e lec tion  o f  S. Z. M itchell to  th e  b o a rd  o f  d ire c to rs  o f  th e  L ehigh  
Valley N av iga tion  E lectric C o m p an y  h ad  s igna led  th e  in v o lvem en t o f  E lec
tric  B ond  8c S h a re . In  1920 th e  in flu en ce  o f  th is co rp o ra tio n  becam e m ore  
exp lic it w hen  th e  L eh ig h  Pow er S ecu rities C o rp o ra tio n , a h o ld in g  co m p an y  
associated  w ith E lectric  B o n d  8c S h a re , took  o v e r reg io n a l su p p ly  in  n o r th 
eastern  Pennsylvania.63 T h is  followed the  estab lishm ent— by fu r th e r  m erger 
a n d  c o n so lid a tio n — o f  th e  Pennsy lvan ia  P ow er 8c L igh t C o m p an y  o f  A llen 
tow n, Pennsy lvan ia . T h e  new  fo rm a tio n  was fo rm ally  d iscussed  a t a m ee tin g  
o f  th e  b o a rd  o f  “T h e "  L eh igh  Valley L igh t 8c P ow er C o m p an y  on  17 A pril 
1920. T h e  h o ld in g -co m p an y  ra tio n a le  was s ta ted  explicitly  in th e  m inu tes , 
u n d o u b te d ly  fo r  th e  h istorical rec o rd , fo r those  p re se n t w ere well ac
q u a in te d  w ith it.

It is the consensus o f  opinion  that through m erger and consolidation o f  this 
com pany with such com panies [several other n eighboring utilities] on an 
equitable basis, a much greater flexibility in financing can be obtained, which 
would be distinctly to the advantage o f  each com pany, and especially to the 
advantage o f  the public in the territory served by each com pany, as it would 
facilitate the possibility o f  providing a basis for the necessary property  
extensions and developm ents.64

A gain , stock tran sac tio n s cha rac te rized  th e  conso lida tion  a n d  m e rg e r  
a g re e m e n t.05 T h e  six o p e ra tin g  u tility  com pan ies  th a t w ere d raw n  in (be
sides “T h e "  LV L& P) w ere th e  N o rth e rn  C en tra l G as C o m pany , th e  C o
lum bia  8c M o n to u r  E lectric C o m pany , th e  Schuylkill Gas 8c E lectric C o m 
pany, th e  Pennsylvania L ighting C om pany, the  H arw ood Electric C om pany.

61 Joint Agreem ent o f 23 July 1919. Minute Book o f "The" Lehigh Valley Light Sc Power 
Co., item 2352, PP&L Papers.

"'M eeting  o f  the Board o f Directors. I O ctober 1919. ibid.
“  Lehigh Power Securities Corp. was identified as one of five holding companies under 

the substantial o r complete control of Electric Bond Sc Share in 1933. After 1928 it was a 
subsidiary o f the National Power Sc Light Co., another holding company form ed in 1921 and 
controlled by Electric Bond Sc Share. Sec U.S.. Federal T rade  Commission, Utility Corporations, 
Pari 72A (Washington. D.C.: CPO. 1934), p. 616.

64 Meeting o f the Board o f  Directors. 17 April 1920, Minute Book of "The" Lehigh Valley 
Light Sc Power Co., item 2352, PP&L Papers.

** loint A greem ent o f Consolidation and Merger, 12 April 1920, ibid.
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a n d  th e  N o r th u m b e r la n d  C o u n ty  G as 8c E lectric  C o m p an y . A lso n am ed  
was a n o th e r ,  n o n o p e ra tin g ,  P ennsy lvan ia  Pow er 8c L igh t C o m p an y , w hich 
h ad  b een  fo rm e d  e a r lie r  sim p ly  to  ho ld  th e  nam e . All th e  co m p an ie s  w ere 
te rr ito r ia lly  co n tig u o u s . T h e  N o r th u m b e r la n d  C o m p a n y  co u n te d  a m o n g  
its p re d e c e s so r  c o m p a n ie s  th e  E d iso n  E lectric  I l lu m in a tin g  C o m p an y  of 
S u n b u ry , th e  th re e -w ire -s ta lio n  co m p an y  estab lish ed  in 1883; a n d  am o n g  
th e  a n te c e d e n ts  o f  th e  P en n sy lv an ia  L ig h tin g  C o m p a n y  was th e  E dison 
Electric Illu m in a tin g  C o m p an y  o f  S ham okin , w hich h ad  been  fo rm ed  un d e r 
th e  sam e au sp ice s  as th e  S u n b u ry  c o m p an y . T h e  line  o f  d ev e lo p m e n t from  
th e  E d ison  E lectric  L ig h t C o m p a n y , w hich  licensed  th ese  tw o, to  E lectric 
B o n d  8c S h a re  was long , c o m p lex , b u t co n tin u o u s .

Each o f  th e  co m p a n ie s  invo lved  rece ived  in  ex c h a n g e  fo r  its stock the 
p re f e r r e d  c u m u la tiv e  slock  o f  th e  P en n sy lv an ia  P ow er 8c L ig h t C o m pany . 
T h e  L eh ig h  Valley T ra n s it  C o m p a n y  also rece ived  PP& L p re fe r r e d  c u 
m ula tiv e  stock  in  ex c h a n g e  fo r th e  sam e n u m b e r  o f  p re f e r r e d  sh a re s  of 
“T h e ” L eh ig h  Valley L ig h t & P ow er C o m p a n y  it h ad  h e ld . T h e  exchanges 
took  th e  m ajo rity  o f  th e  35 ,0 0 0  cu m u la tiv e  p re f e r r e d  sh a re s  a u th o riz e d  by 
th e  new  c o m p a n y , b u t le ft 65 ,0 0 0  sh a re s  o f  n o n c u m u la liv e  p re fe r r e d  stock 
a n d  3 1 0 .0 0 0  sh a re s  o f  c o m m o n  stock , all o f  w hich w en t to  th e  h o ld ing  
com pany , th e  L ehigh  Pow er Securities C o rp o ra tio n . T h e  Pennsylvania Power 
& L ig h t C o m p a n y  (L eh ig h  P ow er S ecu rities  C o rp o ra tio n )  co u ld  th e n  sell 
stocks a n d  b o n d s  to  th e  pub lic , b u t k eep  c o n tro l o f  th e  vo tin g  co m m o n  
stock  in  its ow n  o r  o th e r  frien d ly  h an d s.

T h e  P en n sy lv an ia  Pow er & L igh t C o m p a n y  c o n tin u e d  to  e x p a n d  its te r 
r ito ry  by m e rg e r  a n d  co n so lid a tio n , p rin c ip a lly  in 1923, 1928, a n d  1930. 
In  1923 th e  L eh ig h  P ow er S ecu rities  C o rp o ra tio n  acq u ire d  fo r  PP& L the  
slock  o f  five utilities. T h ir ty - fo u r  m o re  co m p an ie s  o p e ra t in g  in , o r  ad jacen t 
to , th e  reg io n  serv iced  by PP& L w ere m e rg e d  w ith it in 1928. In  1930 
L eh ig h  P ow er S ecu rities  b ro u g h t tw en ty -o n e  m o re  u tilities in to  th e  sys
te m .66 W ith  th e  financ ia l flexibility  a n d  re so u rc e s  a c q u ire d , th e  techno logy  
o f  th e  system  was ra tio n a lized  a n d  e x p a n d e d .  F u r th e r  ad d itio n s  w ere  m ad e  
to  th e  H arw o o d , H a u to , a n d  A llen tow n  s team  s ta tio n s, a n d  in 1924 c o n 
s tru c tio n  was b e g u n  o n  th e  4 0 ,000 -kw . W a llen p au p ack  h y d ro e lec tric  s ta tio n  
(Fig. X IV .25). T h e  h y d ro e le c tr ic  s ta tio n  c a rr ie d  th e  system 's p eak  loads 
an d  b ro u g h t  m o re  e ffic ien t a n d  econom ica l u tiliza tion  o f  th e  s team  p lan ts. 
In  1925 th e  c o m p a n y  fu r th e r  e x p a n d e d  th e  capacity  o f  its steam  sta tio n  at 
P ine G ro v e , w hich  h a d  b een  acq u ire d  by m e rg e r , a n d  in c o n ju n c tio n  w ith 
th e  S c ra n to n  E lectric  C o m p a n y  bu ilt fo r  base-load  o p e ra tio n  a 100,000-kw . 
s ta tio n  o f  u n u su a lly  h ig h  econom y .

H u n d re d s  o f  m iles o f  h ig h -v o ltag e  tran sm issio n  lines w ere a d d e d  to  the 
system , b u t th e  m ost techno log ica lly  in n o v ativ e  p ro jec t was th e  220 ,000- 
volt in te rc o n n e c tio n  o f  th e  Pennsy lvan ia  P ow er & L ig h t C o m p a n y ’s p lan ts  
w ith th o se  o f  th e  P h ila d e lp h ia  E lectric  C o m p an y  a n d  th e  Public Service 
E lectric  & G as C o m p a n y  o f  N ew  Je rse y  (see pp . 3 3 1 -3 2  above). T h e  load 
d iv ers ity  o f fe re d  by P ennsy lvan ia  Pow er & L ight co m p le m e n te d  especially  
well th e  loads o f  th e  o th e r  two, m o re  u rb a n  utilities, fo r  th e ir  p eak  loads 
cam e in th e  la te  a f te rn o o n ,  w hile th e  p eak  o f  PP& L, p r im arily  an  in d u s tria l 
load , cam e  in th e  m o rn in g s . T h e  th re e  co m p an ie s  th u s  e x c h a n g e d  pow er.

M PP(đL Histon. I: 27-38.
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Figure XIV. 25. Wallenpa upach 
hydroelectric station. From PP&L History.

T h e  L eh igh  P ow er S ecu rities  C o rp o ra tio n  h ad  becom e a subsid ia ry  of 
th e  N a tiona l Pow er & L ight C o m p an y  in 1921. I t was o n e  o f  th e  m ajo r 
h o ld in g  co m p an ie s  c o n tro lle d  by E lectric B ond  8c S hare . T h e re fo re ,  the  
Pennsy lvan ia  P ow er 8c L igh t C o m p an y  took  en g in ee rin g , co n stru c tio n , 
m a n a g e m e n t, a n d  financial services fro m  som e p a r t o f  th e  N ational Pow er 
8c L igh t C o m p an y  g ro u p  o r  d irec tly  from  E lectric B ond & S hare . In  1933, 
fo r  e x am p le , PP& L was listed as pay ing  th e  la rgest a m o u n t o f  all th e  re la ted  
u tilities to  E lectric  B o n d  & S h a re  fo r superv iso ry , o r  m an ag em en t, services 
($353 ,152). I t a lso  p a id  fo r  e n g in e e r in g  a n d  a u d itin g  serv ices.07

T h e  system  b u ild e rs  o f  th e  ho ld in g -co m p an y  e ra  re d e f in e d  load d iversity  
to  in c lu d e  in v es tm en t d iversity . M itchell rep ea ted ly  spoke  o f  th e  a d v an tag es 
o f  sp re a d in g  in v estm en ts , o r  “risks,” so th a t th e  loss o f  load  because o f  a 
d e p re sse d  eco n o m y  re su ltin g  fro m  an  o ra n g e -c ro p  fa ilu re  in th e  te rr ito ry  
o f  a F lo rid a  o p e ra tin g  co m p an y  w ould  be co m p en sa ted  fo r by a b u m p e r  
cro p  in th e  te r r i to ry  o f  a n o th e r  o p e ra tin g  com pany  ow ned by th e  ho ld in g  
c o m p an y .68 H e a d d e d  th a t " th e  p rin c ip le  o f  la rge  vo lum e a n d  d ivers ifi
ca tion  as a p p lied  to  v arious risks in o rd e r  to  stabilize resu lts th ro u g h  the  
law o f  av erag es has b een  follow ed fo r o v e r 200 years by th e  g rea t in su ran ce  
com p an ie s  o f  th e  w o rld .”69 PP& L’s system  b u ild ers  ex p ressed  a varia tion  
on  th is th e m e  by c o n te n d in g  th a t th e ir  e n e rg y  system  allow ed risks to  he 
d iversified  a n d  sp re a d  in th e ir  reg ion  in such  a way as to  m ain ta in  the 
econom ic  h ea lth  o f  th e  reg ion . T h e ir  case in p o in t was th e  a n th ra c ite  in 
du stry .

•’ Federal T rade  Commission, Utility Corporations, Pari 25, pp. 460-63.
""Sidney A. Milchcll, S. Z. Mitchell and the Electrical Industry (New York: Farrar. Straus & 

Cudahy. I960), p. 88.
”  U.S., Federal T rade  Commission. Electric Power Industry: Supply of Electrical Equipment and 

Comhelitive Conditions. 70lh Cong., Isl scss., 1928, S. Doc. 46, p. 172.
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T h e  a n n u a l p ro d u c tio n  o f  a n th ra c ite  coal re a c h e d  its p eak  in Pennsy l
v ania  in  1917. T h e  cau se  o f  th e  su b se q u e n t dec lin e  was co m p lex  a n d  in
volved th e  u se  o f  o th e r  fuels as well as in c rea sed  o p e ra tin g  costs in th e  
an th ra c ite  fie ld s b ecau se  o f  th e  d e p le tio n  o f  th e  m ost accessible seam s in 
dep o s its  w o rk ed  since  th e  1850s. By 1930 th e  a n n u a l p ro d u c tio n  h ad  fallen 
stead ily  to  70  m illion  sh o r t  to n s f ro m  th e  100 m illion  to n s p ro d u c e d  in 
1917. D esp ite  th is, th ro u g h  a b a n d o n m e n t  o f  iso la ted  p lan ts  a n d  e lec trifi
c a tio n  oT m a c h in e ry  a n d  p ro d u c tio n  processes, th e  a n th ra c ite  in d u s try  in 
c reased  its u se o f  PP& L e lec tric ity  u n til 1936, w hen  a g ra d u a l dec lin e  set 
in. H o w ev e r, th e  in c rea se  in  e lec trific a tio n  was n o t th e  p o in t PP& L’s m a n 
ag e rs  w a n te d  to  m ak e  a b o u t th e  eco n o m ic  ad v an tag es  o f  reg io n a l e lec tri
fication . In  th e ir  advocacy  o f  reg io n a l su p p ly  th ey  stre ssed  th e  ability  of 
th e  in te g ra te d  u tility  to  sh ift en e rg y  su p p ly  fro m  d is tric ts  o f  rela tively  eco 
n o m ic  d ec lin e  to  reg io n s  o f  eco n o m ic  p o te n tia l— m o re  specifically., from  
d is tric ts  w h e re  coal seam s w ere  n e a r  e x h a u s tio n  to  d is ta n t o n es  as yet 
u n e x p lo ite d . E ven  m o re  to  th e  p o in t was th e  ab ility  o f  th e  reg io n a l utility 
to  sh ift e n e rg y  fro m  d e c lin in g  in d u s tr ie s  to  th r iv in g  ones. F o r  in stan ce , the 
a n n u a l p ro d u c tio n  o f  P o rtla n d  c e m e n t in th e  c o m p a n y ’s te r r i to ry  d o u b led  
b e tw een  1918 a n d  1927, years  o f  s h a rp  d ec lin e  in th e  p ro d u c tio n  o f  a n 
th ra c ite . F u r th e rm o re ,  th e  c e m e n t in d u s try  was an  especially  d e s irab le  cu s
to m e r  b ecau se  o f  its fav o rab le  load  cu rv e .

PP& L built u p  an  industria l sales d e p a rtm e n t to  stim ulate  technical changes 
a n d  e co n o m ic  d ev e lo p m e n t, a n d  th is in tu rn  b ro u g h t in c rea sed  electric ity  
c o n su m p tio n  a n d  im p ro v e d  lo ad -cu rv e  c h a rac te ris tic s .70 T h e  success o f  this 
d e p a r tm e n t  d e p e n d e d  to  n o  sm all e x te n t o n  th e  ra te s  th e  c o m p an y  c h a rg e d , 
fo r  th ey  w ere  lo w er fo r th e  la rg e r  in d u s tr ia l  c o n su m e rs  th a n  fo r res id en tia l 
a n d  fa rm  consum ers . In  1930, for instance, while the  industria l load am o u n ted  
to  70 p e rc e n t o f  th e  sy stem ’s to ta l, th e  re v e n u e  fro m  th a t load  was on ly  40 
p e rc e n t o f  th e  to ta l re v e n u e  e a rn e d  fro m  th e  sale o f  e lectric ity . In  th e  sam e 
year, w hile  th e  re s id e n tia l a n d  fa rm  c u s to m e rs  u sed  only  9 p e rc e n t o f  th e  
k ilo w a tt-h o u rs  so ld , th e ir  sh a re  o f  th e  to ta l re v e n u e  fro m  sales was 28 
p e rc e n t .71 D isa p p o in te d  in th e  p e r fo rm a n c e  o f  th e  p r iv a te  u tilities, p ro 
p o n e n ts  o f  ru ra l  e lec trifica tio n  p o in te d  o u t th e se  statistics.

In  th e  yea rs  im m ed ia te ly  fo llow ing  its o rg a n iz a tio n  in  1920, PP& L fea re d  
th a t th e  p re s su re s  o f  c o n tin g e n t c ircu m stan ces  w ou ld  gel b ey o n d  its co n tro l. 
T h e s e  p re s su re s  re su lte d  f ro m  a c o n ju n c tu re  o f  fac to rs  a n d  ev en ts  th a t can  
b e tra c e d  to  th e  w artim e  e x p e rie n c e s  a n d  political tre n d s  d iscussed  in this 
s tu d y  in co n n e c tio n  w ith th e  G rid  in B rita in , th e  B ay e rn w erk  in G e rm an y , 
a n d  th e  G ian t Pow er p la n t in  th e  U n ited  S lates. G ian t P ow er co u ld  have 
im p in g e d  d irec tly  o n  PP& L, fo r it was d e s ig n e d  to  ra tio n a lize  p ro d u c tio n  
a n d  d is tr ib u tio n  in  P ennsy lvan ia  a n d  to  e m p h as ize  ru ra l e lec trifica tion .

In  th e  political a re n a , th e  p r iva te ly  ow n ed  utilities effectively  resisted  
G ian t P ow er. T h e y  a rg u e d  th a t th e ir  policies w ou ld  ach ieve, by m o re  p rac 
tical m ean s, fu lfillm en t o f  th e  goals e m b o d ie d  in th e  G ian t P ow er p lan . 
T h e  c o n s tru c tio n  o f  th e  P en n sy lv an ia -N ew  J e rse y  In te rc o n n e c tio n  by 
P en nsy lvan ia  P ow er & L ight a n d  tw o n e ig h b o rin g  utilities was su b seq u en tly  
o f fe re d  as ev id en ce  o f  th e se  p rac tica l m ean s o f  ra tio n a liza tio n . PP& L also

™PP(dL History, I: 163-74.
71 Ibid., pp. 132-36.
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p o in ted  to  th e  p ro g re ss  th a t h a d  been  m ad e  in ru ra l e lec trifica tio n  since 
1926. T h e  n u m b e r  o f  fa rm  c u s to m ers  h ad  g row n  from  3 ,116  in 1926 to 
2 5 ,519  by 1939. T h e  c o m p an y  estim a ted  th a t in 1939, 57 p e rc e n t o f  th e  
to tal n u m b e r  o f  fa rm s in th e  co m p an y 's  te rr ito ry  w ere c o n n ec ted  a n d  th a t 
serv ice  was availab le  f ro m  ex is tin g  lines to  6 6  p e rc e n t o f  these. In  th e  U n ited  
S lates as a w hole, on ly  28 p e rc e n t o f  th e  fa rm s w ere rece iv ing  e lectric  
service.

T h e  co m p an y  took  a lead in g  p a r t  in fo rm u la tin g  a p lan  fo r ru ra l  elec
trifica tio n  in  Pennsy lvan ia . E m b o d ied  in G en e ra l O rd e r  no . 28 o f  th e  s ta le ’s 
Public Serv ice  C om m ission , th e  p lan  was w ork ed  o u t by th e  com m ission  in 
c o o p e ra tio n  w ith co m m ittee s  a p p o in te d  by th e  Pennsy lvan ia  E lectric As
sociation  (an  association  o f  e lec tric  u tilities), a n d  th e  Pennsy lvan ia  S ta te  
C ouncil o f  F a rm  O rg an iza tio n s . T h e  Pennsy lvan ia  E lectric  A ssociation  h ad  
o p p o se d  G ian t Pow er. G e n e ra l O rd e r  no. 28 re q u ire d  th a t th e  fa rm e r  pay 
a p o rtio n  o f  th e  cost o f  th e  ex ten s io n  o f  serv ice to  h im , a s tep  th a t was 
fav o red  by th e  p riv a te  utilities a n d  o p p o sed  by lead in g  advoca tes  o f  su b 
sid ized  ru ra l e lec trif ica tio n . O rd e r  no . 28 also c re a te d  th e  J o in t  C o m m ittee  
on  R ura l E lec trifica tion . C o n sis tin g  o f  n in e  fa rm  rep re sen ta tiv es  a n d  seven  
sp o k esm en  fo r  th e  utilities, th e  co m m ittee  h e lp ed  w ork  o u t coop e ra tiv e  
a r ra n g e m e n ts  b e tw een  fa rm e rs  a n d  th e  utilities.72 T h is  tension  betw een  
th e  p riv a te  u tilities a n d  advoca tes  o f  g o v e rn m e n t s u p p o r t  fo r ru ra l e lec
trifica tio n  m ay have c o n tr ib u te d  to  th e  sh a rp  upsw ing  in th e  n u m b e r  o f  
PP& L’s fa rm  cu s to m e rs  in  1936, th e  sam e year th a t th e  U.S. g o v e rn m e n t 
estab lish ed  th e  R u ra l E lec trifica tion  A d m in istra tio n , an  agency  th a t was 
au th o riz e d  to  m ak e  loans to  coo p e ra tiv es  a n d  to  fa rm ers  fo r ru ra l  e lec tri
fication.

I f  a slide  sh o w in g  an  ex trem e ly  la rg e  te rr i to ry  covered  by widely d is
p e rse d  p o w er p lan ts , each  ra d ia tin g  a re latively sm all-area n e tw ork  o f  tra n s 
m ission  lines a n d  d isp lay in g  in te rco n n ec tio n s  a m o n g  th ese  localized su b 
system s, w ere  p ro je c te d  o n  a sc reen , an  ex p e rien ced  utility  e n g in e e r  o f  th e  
1920s w ou ld  h ave  little  tro u b le  id en tify in g  th e  system  as b e ing  c harac te ris tic  
o f  PP& L’s style. I f  a n o th e r  slide  show ed an  ex trem ely  la rg e  pow er p lan t 
loca ted  at an  o p e n -fa c e  lign ite  m ine , a nea rb y  bank  o f  coo ling  tow ers, a n d  
a g re a t tran sm issio n  line e x te n d in g  so u th w ard  to  stream s fed  by m elting  
snow , an  e n g in e e r  o f  th e  1920s w ould have little d ifficu lty  id en tify in g  th e  
style as R W E’s. I f  still a n o th e r  slide show ed a la rg e  system  w ith a  s u rp ris ing ly  
low tran sm iss io n  voltage a n d  an  ir reg u la r ly  ro u te d  transm ission  ne tw ork  
co n n e c tin g  h a rd -co a l a n d  w as le -h ea t-g en e ra lin g  p lan ts, th e  electrical e n 
g in e e r  o r  m a n a g e r  w ould  know  it was N ESC O . I f  he  w ere show n m ore  
artifac ts— N E S C O ’s tu rb in e s  fo r  ex am p le— iden tifica tion  w ould be even  less 
d ifficu lt. N E S C O , like RW E a n d  PP&L, had  a charac te ris tic  style.

T h e  n o rth e a s t coast o f  E n g lan d  was ind u stria l like th e  R u h r a n d  L ehigh  
valleys, b u t th e  reg io n a l system  o p e ra te d  th e re  by th e  New castle u p o n  T y n e  
E lectric S u p p ly  C o m p an y  (N E SC O ) was sm aller. N evertheless, it s tood  ou t 
as an  excep tio n a l d e v e lo p m e n t in B rita in  b e fo re  th e  co n stru c tio n  o f  the  
n a tiona l G rid . By m eans o f  a n e tw ork  o f  transm ission  lines, N E SC O  in th e  
1920s su p p lie d  a s ta n d a rd iz e d  th re e -p h a se  c u r re n t a t 40 cycles to  a 1,400-

7:1 D. Claylon Brown. Electricity for Rural America: The Fight for the REA (Weslporl, Conn.: 
Greenwood Press, 1980), pp. 29-31.
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sq u a re -m ile  a re a  in th e  reg io n  o f  N ew castle  u p o n  T y n e . T h e  system ’s h ig h 
est tran sm iss io n  vo ltage  was on ly  6 6 ,0 0 0  volts, c o m p a re d  to  th e  220 ,000  
volts u sed  by RW E a n d  PP&L. In  1924, N E SC O ’s installed capacity am oun ted  
to  a b o u t 2 5 0 ,0 0 0  kw. a n d  its a n n u a l su p p ly  was a b o u t o n e -e ig h th  o f  th e  
to ta l e lec tric ity  so ld  in  G re a t B rita in  (see T a b le  X IV .I ,  p. 409). N E S C O ’s 
n a m e  was la te r  c h a n g e d  to  N o rth  E as te rn  E lectric  S u p p ly  C o m p an y , b u t 
th e  o r ig in a l n a m e  will be  u sed  h e re .

T h e  n o r th e a s t coasta l system  o f  N E S C O  d e p e n d e d  on  tw o k inds o f  e n 
erg y , h a rd  coal a n d  w aste  h ea t. In  1924, 50  p e rc e n t o f  its p o w er was 
c o n c e n tra te d  in tw o s ta tio n s  (C arv ille  “ B", 22 p e rc e n t a n d  D u n s to n , 28 
p e rcen t).  T h o u g h  th e  d o z e n  o r  so w aste -h ea t p lan ts  p ro v id e d  m u ch  less 
capac ity  th a n  th e  h a rd -co a l p lan ts , th ey  w ere  no tab le  because  they  u sed  
w aste hea l from  blast fu rnaces a n d  coke ovens. T h e  large, coal-fired NESCO  
sta tio n s— C arv ille  “ B", D u n s to n , a n d  N o rth  I'ees— w ere  s itu a te d  o n , a n d  
coo led  by, rivers. A lth o u g h  th e se  co a l-fired  p lan ts  w ere sm a lle r th a n  th e  
m o n s tro u s  G o ld e n b e rg w e rk  a n d  d id  n o t have  o r  n eed  th e  h igh ly  d ev e lo p ed  
c o a l-h a n d lin g  system  o f  th e  G e rm a n  m in e -m o u th  s ta tio n , they  w ere  m o re  
a d v a n c e d  in  b o ile r  a n d  tu rb in e  desig n .

N E S C O 's  reg io n a l style c o n tra s te d  rem a rk a b ly  w ith th e  c h a ra c te r  o f  u til
ities e lsew h ere  in  E n g lan d . N o t on ly  d id  N E S C O 's  u rb a n  c o m p e tito rs  e lse
w h e re  sell fa r  few er u n its  b u t they  o p e ra te d  a t a sign ifican tly  low er load 
fac to r. In  1918 N E S C O  sold  5 7 8 ,4 1 6 ,8 4 0  u n its ; th e  M an ch es te r C o rp o 
ra tio n  so ld  on ly  184 ,675 ,190 . M an ch es te r  ra n  seco n d  to  N E S C O  in te rm s  
o f  load  fa c to r  as well; th e  fo rm e r  ach ieved  only  32.4 p e rc e n t, w hile th e  
la tte r  re a c h e d  56  p e rc e n t. A fte r  M a n ch es te r, th e  S h e ffie ld  a n d  B irm in g h am  
c o rp o ra tio n s , o r  local g o v e rn m e n ts , w ere th e  la rg est su p p lie rs  in E n g la n d .73 
All w ere  la rg e r  u rb a n  d is tric ts  th a n  N ew castle  b u t h ad  sm a lle r su p p ly  sys
tem s. F u r th e r  e x p la n a tio n s  fo r  th e  c o n tra s tin g  h is to ry  o f  e lec tric  su p p ly  in 
N ew castle  a n d  in u rb a n  in d u s tr ia l c e n te rs  like M an ch es te r  a n d  L iverpoo l 
will be fo u n d  in  th e  c ities’ political, e conom ic , a n d  social h isto ries.

Physical a n d  in d u s tr ia l g e o g ra p h y  ex p la in s  m any  o f  N E S C O ’s c h a rac 
teristics. N ew castle , an  u rb a n  p o rt in N o r th u m b e r la n d ,  th e  n o rth e a s te rn -  
m ost co u n ty  o f  E n g la n d , s ta n d s  on  th e  n o r th e rn  ban k  o f  th e  T y n e , ab o u t 
8 m iles fro m  its m o u th  at th e  N o rth  Sea. In  th e  early  tw en tie th  cen tu ry , 
th e  tida l r iv e r  c a r r ie d  m an y  sh ip s  to  N ew castle  (in 1911 a city o f  m o re  th an  
200 ,0 0 0  in h a b ita n ts )  a n d  o th e r  den se ly  p o p u la te d  m a n u fa c tu r in g  tow ns 
a lo n g  its b an k s  (see Fig. XI V .26). In  th e  vicinity  th e re  w ere  im m en se  s to res  
o f  b itu m in o u s  coal, w hich  was m in ed  a n d  e x p o r te d  as well as co n su m ed  
by in d u s try  in th e  re g io n . A lo n g  th e  n o r th e rn  ban k  o f  th e  T y n e  sto o d  such 
in d u s tr ia l  e n te rp r is e s  as A rm s tro n g , W h itw o rth  & C o m p an y , as well as th e  
sh ip y a rd s  o f  Sw an, H u n te r ,  a n d  W igham  R ich a rd so n  & C o m p an y . T h e  
t u rb in e -m a n u fa c tu r in g  e n te rp r is e  o f  C h a rle s  P arsons was s itu a ted  ad jacen t 
to  N E S C O ’s C arv ille  “A ” p o w e r s ta tio n . Blast fu rn aces , e n g in e e r in g  w orks, 
chem ica l p lan ts , a n d  b rick  a n d  tile a d d e d  to  th e  in d u s tria l activity  o f  the

” T h c  inform ation for Lancashire is from G reat Britain, Ministry of Reconstruction, Re
construction Com mittee, Coal Conservation Sub-Committee, Interim Report on Electric Power 
Supply in Great llritain (London: 1IMSO. 10 1B), pp. 12-13. T he information for the other 
cities is from  a m em orandum  filed in “Electricity (Supply) Bill," item 36 in the C. H. Merz 
lockbox, Merz & McLcllan Co. Archives, Ambcrley, Killingworth. near Newcastle upon Tyne. 
E ngland. I am indebted to |o h n  M. Burnett o f  NESCO for 1924 NESCO statistics.



Figure XIV.26. The Tyneside industrial district supplied by NE5C0, 1911. Courtesy of NESCO, Newcastle upon Tyne. England.
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Figure X IV .27. Characteristics of 
VESCO, c. 1923. Courtesy of NESCO, 

Newcastle upon Tyne, England.

C O M P A N Y  L I M I T E D

H O W  T H E  COST IS M A D E UP. 
Furl accounts for nearly rwo-filths of the 
total cost of production, and salaries and

H O W  T H E  POW ER IS USED. 
Less than one • thirtieth part is used for 
ordinary lighting and domestic purposes, 
nearly one half in collieries, and iron 
mines, and a quarter in shipyards, er 
ing and other woriis.

H O W  T H E  CA PITA L IS 
EMPLOYED.

Over three-fifths of the total capital is 
spent in connection with collieries, 
shipyards, engineering works, etc., and 
nrarly one-quarter for ordinary lighting 
and domestic supplies.

reg io n . O n  th e  eve o f  W orld  W ar 1, N E S C O  su p p lie d  a reg io n  th a t had  
5.1 p e rc e n t o f  th e  p o p u la tio n , m in ed  19.6 p e rc e n t o f  th e  coal, m ad e  36.5 
p e rc e n t o f  th e  coke, m in e d  37 .5  p e rc e n t o f  th e  iro n  o re , p ro d u c e d  37.7 
p e rc e n t o f  th e  p ig  iro n , a n d  b u ilt 51 p e rc e n t o f  th e  m e rc h a n t sh ip s  in the 
U n ited  K in g d o m .7,1 In  th e  m id -tw en ties , a lm o st h a lf  o f  N E SC O 's o u tp u t 
was u sed  in coal a n d  iro n  m ines; o n e -q u a r te r  was co n su m ed  by sh ip b u ild 
ing , heavy  m a n u fa c tu r in g  a n d  o th e r  w orks; chem ical p lan ts  u sed  ab o u t 
o n e - te n th ; a n d  th e  re m a in d e r  su p p lie d  railw ays a n d  tram w ays, bu lk  con 
su m e rs , a n d  o rd in a ry  lig h tin g  a n d  dom estic  ap p lian ces  (see Fig. X IV .27). 
By itself, h ow ever, g e o g ra p h y  is no t a su ffic ien t e x p la n a tio n  fo r  th e  d if 
fe ren ces  be tw een  N E S C O  a n d  o th e r  E nglish u tilities su p p ly in g  ind u stria l 
d istric ts.

11 T he  population figure is for 11)11; the o ther statistics arc for 1913. See A. R. Sloan, 
"Fuel Economy on the North-East Coast as a Result o f Electric Power Supply" (Paper read 
before the 1916 meeting o f the British Association for the Advancement o f Science, Newcastle 
upon T yne, 5 -9  Sepiemlter 1916), p. 2; reprinted in Engineering 102 (1916); 293-94.
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T h e  success o f  ih e  N ew castle u p o n  T y n e  (la te r N o rth  E aste rn ) E lectric 
S upp ly  C o m p an y  in fo rm in g  a reg iona l su p p ly  system  can  be ex p la in ed  in 
p a r t  by political factors. A se ries o f  v ictories in P arliam en t b ro u g h t th e  
su p p ly  c o m p an y  th e  legislative a u th o rity  it n e e d e d  to  ex p a n d  its su p p ly  
a rea . T h e  v ictories w ere  ach ieved  on  various occasions in c o m p e titio n  w ith 
th e  N ew castle 8c D istric t C o m p an y , a rival u tility  su p p ly in g  th e  city, a n d  
la te r  w ith several p o w er co m p an ie s  th a t in te n d e d  to  su p p ly  e lectric ity  in 
b u lk  to  th e  a rea . As a resu lt, th e  priva te ly  ow ned  N E SC O  grew  in m uch  
th e  way th a t utilities e x p a n d e d  in G e rm an y  a n d  th e  U n ited  S tates, w h e re  
political p o w er a n d  leg isla tion  w ere, respectively , su p p o rtiv e  a n d  su b se r
v ien t. Paradox ica lly , th e  legislative co n tex t w ith in  w hich N E S C O  e x p a n d e d  
was th e  sam e as th a t fo r  o th e r  English  u tilities: a se ries o f  p a r lia m e n ta ry  
elec tric  ligh t a n d  p o w er laws a n d  bills. N E SC O , how ever, u sed  th e se  laws 
to  e n h a n c e  r a th e r  th a n  f ru s tra te  g ro w th . T h e  u tility 's h isto ry , th e n , is tes
tim ony  to  th e  fact th a t leg isla tion  is n o t a su ffic ien t e x p lan a tio n  fo r  th e  
re ta rd a tio n  o f  g ro w th  o f  th e  B ritish  su p p ly  in d u s try . A su rvey  o f  th e  g row th  
o f  N E SC O  in th e  po litical co n tex t show s how  th e  laws w ere used .

N E SC O  o b ta in e d  p rov is iona l o rd e rs  au th o riz in g  it to  su p p ly  N ew castle 
in 1889 a f te r  th e  1888 a m e n d m e n ts  to  th e  E lectric L ig h tin g  Act o f  1882 
w ere passed . A t a b o u t th e  sam e tim e, C h a rle s  A. P arsons, th e  tu rb in e  
m a n u fa c tu re r  w ho h a d  an  e n g in e e r in g  w orks s itu a ted  in th e  N ew castle 
a rea , s ta r te d  a rival e lec tric  su p p ly  utility , th e  N ew castle 8c D istrict C o m 
pany . T h e  tw o su p p ly  co m p an ie s  ag re e d  to  d iv ide  th e  city o f  New castle 
betw een  th e m ; N E S C O  w ould  su p p ly  th e  a re a  n o r th  o f  th e  river, th e  N ew 
castle  8c D istric t C o m p an y  th e  a re a  so u th  o f  it. T h e  two com p an ie s  also 
c o o p e ra te d  b u t fa iled  in an  e f fo r t  to  p re v e n t th e  N ew castle C o rp o ra tio n , 
th e  local g o v e rn m e n t, f ro m  o b ta in in g  p a r lia m e n ta ry  au th o riza tio n  to  p ro 
vide elec tric  tram w ays in New castle.

T h e  e x p a n s io n  o f  N E S C O  was facilita ted  by P a rliam en t’s decision , fo l
low ing  th e  re c o m m e n d a tio n s  o f  th e  C ross c o m m ittee  in 1898 a n d  th e  K itson 
co m m ittee  in  1900, to  en ac t p o w er bills en ab lin g  co m pan ies  to  supp ly  bulk 
p o w er o v e r la rg e  a reas . M ost E nglish po w er co m pan ies  d id  no t flou rish , 
h ow ever, b ecau se  th e  e n a b lin g  bills p ro h ib ited  supp ly  by a po w er com pany  
to  d is tric ts  th a t a lread y  h ad  an  au th o riz e d  d is tr ib u to r  un less th e  d is tr ib u to r  
a g re e d . M o reo v e r, p o w erfu l u rb a n  political in te rests  caused  P a rliam en t to 
ex c lu d e  su p p ly  w ith in  cities fro m  th e  p ow er bills. N ESC O , how ever, m an 
ag ed  to  avoid  th ese  re stric tions. C h arles  H. M erz no tes in his reco llections 
th a t S ir Ja m e s  K itson , h ead  o f  th e  p a rliam en ta ry  com m ittee  th a t review ed 
th e  p o w er bills, was “a d ire c to r  o f  th e  N o rth -E as te rn  Railway.”75 (T his 
in te re s t in  th e  econom y o f  th e  reg io n  m ay have led K itson to  s u p p o rt its 
e lec trif ica tio n .)  B oth  N E SC O  a n d  th e  T y n es id e  Electric C om pany , a pow er 
co m p an y  fo rm e d  by P arsons, ap p lied  fo r  pow er bills to s upp ly  th e  T y n esid e

" T h e  early history of NESCO is given in James R. Beard, "NESCO in the Very Early 
Days.” Nesco Magazine, no. I (n.d.); the quote is from p. 7 (copy in the Merz Sc McLcllan Co. 
Archives). Beard, a partner in Merz Sc McLcllan, had access to—and quotes from—J. T heodore 
Mcrz's "Reminiscences” and Charles Mcrz’s "Notes." both of which are on Tile in the Merz Sc 
McLcllan Co. Archives. Beard also presented "Their Achievement—O ur Heritage." an ad
dress to the N orth-Eastern Centre, Institution or Electrical Engineers, 14 December 1959 
(copy in Merz Sc McLcllan Co. Archives). In addition, there is a succinct history ol NESCO 
in Ministry of Reconstruction. Interim Report on Electric Power Supply in Great Britain, app. D.
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Figure X IV .28. J. Theodore M en. From 
Rowland. Progress in Power, facing p. 1.

reg io n . O n  th is occasion  (1900), as on  m any  o th e rs . C h a rle s  M erz p ro v ed  
to  he an  e ffec tiv e  e x p e r t  w itness b e fo re  a p a rlia m e n ta ry  c om m ittee . N E SC O  
e m p h a s iz e d  th a t as a re su lt o f  an  a g re e m e n t w ith th e  W alker 8c W allsend 
G as C o m p an y , w hich  h a d  co m m iss io n ed  a p o w er sta tio n  with C h a rle s  M erz 
as a c o n su ltin g  e n g in e e r ,  it a lre a d y  h a d  a p o w er sta tio n  su p p ly in g  th e  a rea  
n o r th  o f  th e  T y n e  R iver. N E S C O  d e fe a te d  th e  P arso n s bill, p u l th ro u g h  
its ow n , a n d  to o k  o v e r  th e  gas c o m p a n y ’s p o w er s ta tion .

C h a rle s  M erz th e n  c o n tin u e d  to  c a rry  o u t his p lan s fo r la rg e -a re a  (even 
tua lly  re g io n a l)  p o w e r su p p ly . In  1902 N E S C O  secu red  passage  o f  a n o th e r  
p a r lia m e n ta ry  p o w e r bill a u th o r iz in g  e x ten s io n  o f  su p p ly  n o r th  o f  N ew 
castle  in to  th e  co a l-m in in g  a re a  o f  N o r th u m b e r la n d .  A rival schem e of 
P a rso n s 's  N ew castle  8c D is tric t C o m p a n y  was d e fe a te d . In  1904 N E SC O  
re a c h e d  an  a g re e m e n t  w ith th e  D u rh a m  Pow er C o m p an y  to  th e  so u th  to 
su p p ly  it w ith  e lec tric ity  in b u lk  a n d  th e n  look  o v e r  th e  co m p an y  by stock 
p u rc h a se . In  1906 N E S C O  acq u ire d  c o n tro l o f  th e  N o r th e rn  C o un ties  
[P ow er) C o m p a n y . N E S C O  was th e n  ab le  to  ra ise  th e  cap ita l n e e d e d  to 
d e v e lo p  th e  su p p ly  a re a s  o f  th e  p o w er c o m p an ie s  it a c q u ire d , m oney  the  
c o m p a n ie s  ind iv id u a lly  h ad  b een  u n su ccessfu l in ra is ing  e a r lie r .7fi

N E S C O ’s successes in o b ta in in g  p a r lia m e n ta ry  a u th o r ity  to  e x p a n d  its 
sy stem  also  d e p e n d e d  on  th e  e n g in e e r in g , business , a n d  financ ia l netw ork  
o f  J .  T h e o d o re  M erz a n d  his son , C h a rle s . T h e  n e tw o rk  was m ad e  u p  of 
re la tives , Q u a k e rs , a n d  b usiness  a n d  p ro fe ss io n a l associates. J .  T h e o d o re  
M erz ’s w ife  w as a Q u a k e r ; h e r  b ro th e r ,  J o h n  W igham  R ich a rd so n , was a 
T y n e s id e  s h ip b u ild e r  (Sw an, H u n te r ,  a n d  W igham  R ich a rd so n  8c C o m 
p an y ), a n d  h e r  s is te r m a r r ie d  R. S p en ce  W atson , a so lic ito r w ith a Q u ak e r  
b a c k g ro u n d  a n d  a le a d e r  o f  th e  L ibera l p a r ty  in  th e  T y n e s id e  reg io n . T h e  
M erz fam ily  a lso  assoc ia ted  w ith  le a d in g  T y n e s id e  in d u s tr ia l,  en g in e e r in g , 
a n d  sc ien tific  f ig u re s  b ecau se  o f  J .  T h e o d o re  M erz ’s e d u c a tio n  a n d  tra in in g . 
O f  G e rm a n  b a c k g ro u n d , J .  T h e o d o r e ’s fa th e r  was b o rn  in M an ch es te r b u t 
re tu rn e d  to  G e rm a n y  to  live in th e  un iv e rs ity  tow n  o f  G iessen . J .  T h e o d o re  
a tte n d e d  th e  un iv e rs itie s  o f  G iessen  a n d  G o ttin g e n , c o n c e n tra tin g  his s tu d 
ies in c h e m is try  a n d  chem ica l e n g in e e r in g . H e  r e tu rn e d  to  B rita in  in 1868, 
ho w ev er, a n d  se ttled  n e a r  N ew castle , w h e re  h e  w ork ed  fo r  a chem ical 
m a n u fa c tu re r .  H e  fo u n d e d  th e  N ew castle  E lectric  S u p p ly  C o m p an y  in  1889 
a n d  se rv ed  as its c h a irm a n  fro m  1901 to  1917. In  a d d itio n , he  was a d ire c to r  
o f  B ritish  T h o m s o n -H o u s to n ,  th e  e lectrical m a n u fa c tu re r , a n d , m ost re 
m ark ab ly , th e  a u th o r  o f  o n e  o f  th e  m a jo r  scho larly  stu d ies  o f  his tim e, th e  
fo u r-v o lu m e  History o f  F.uropean Thought in the Nineteenth Century.1'’

T h e s e  assoc ia tions w ith science, e n g in e e r in g , business, a n d  politics w ere 
f u r th e r  e n r ic h e d  by ). T h e o d o re  M erz 's scho larly  activities a n d  by the

’T o r  this history of NESCO and the Hrm of Merz Sc Mcl.cllan, I am indebted to Dr. 
Richard A. More and Ms. Kathleen Brantley ol M er/ Sc McLellan. Dr. More, ol the technical 
and scientific staff, and Ms. Brantley, librarian, a rranged for me to use the historical records 
held by Merr. & Mcl.cllan at the firm's principal offices in Amberley. Killingworth. near 
Newcastle upon Tyue, England. They also directed me to the extensive collection of M er/ Sc 
McLcllan records now deposited in the Tyne and Wear County Council Archives. Newcastle 
upon Tyne.

77 John  Rowland, Progres.i in Power: The C.imtnbutwn of Charles M en and His Associates to Sixty 
Years of Electnral Development, IS9 9 -I9 S 9  (London: Newman Neame, I960), pp. 11-14. This 
is a privately p rin lrd  history authorized by Merz Sc McLellan.
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Figure X IV .29. Charles M en. 
Frontispiece from Rowland, Progress in

lite ra ry  a n d  h isto rical in te re sts  o f  R. S pence  W atson , a recogn ized  a u th o rity  
o n  th e  h is to ry  o f  th e  N ew castle reg ion . T h ro u g h  his fa th e r  a n d  R. S pence  
W atson , C h a rle s  M erz m et lead in g  B ritish  a n d  E u ro p ean  in te llec tua ls a n d  
p olitic ians. T h e  circle o f  in flu en ce  was fu r th e r  w idened  by th e  access th e  
M erz fam ily h ad  to  le ad in g  L o n d o n  h an k in g  fig u res  such  as L eo n a rd  C u n - 
liffe o f  C u n liffe  B ro th e rs . T h e se  associations h e lp ed  p re p a re  C h a rle s  M erz 
to  fu n c tio n  as a co n su ltin g  e n g in e e r  a n d  e n tr e p re n e u r ,  ro les in w hich an  
ability to  re la te  to  th e  w orlds o f  en g in e e r in g , politics, a n d  financial pow er 
was necessary . O sk a r  von M iller, th e  lead in g  G erm an  c o n su ltin g  e n g in e e r , 
h ad  s im ila r associations because  o f  his fam ily’s p ro m in e n t position  in B a
v arian  society.

T h e  M erz fam ily, th e ir  re la tives, a n d  th e ir  associates w ere close because 
N ew castle a n d  T y n e s id e  c o n s titu ted  "som ew hat o f  an  iso lated  u n it bo th  
cu ltu ra lly  a n d  in d u stria lly  f ro m  th e  rest o f  E n g la n d .”78 T h e  lead e rs  o f  th is 
in d u s tr ia l c o m m u n ity  u sed  th e ir  political a n d  financial po w er to  su p p o r t 
th e  p riva te ly  o w n ed  N E SC O  while m ost o th e r  u rb a n  cen te rs , ex c lu d in g  
L o n d o n , p ro m o te d  g o v e rn m en t-o w n ed  electric  supp ly . Even N E S C O ’s im 
m ed ia te  rival, th e  N ew castle  8c D istric t C o m p an y , was a p riv a te  e n te rp r ise . 
As C h a rle s  M erz p o in te d  o u t on  n u m e ro u s  occasions, sm all-scale, m ostly 
governm en t-ow ned  supply  com panies elsew here in England  incu rred  h igher 
costs a n d  rea lized  low er p e r  cap ita  c o n su m p tio n .

T h e  o rg an iza tio n a l s tru c tu re  o f  N E SC O  was u n u su a l because o f  the 
u tility ’s involved  re la tio n sh ip  w ith a co n su ltin g  e n g in e e r in g  firm . T h is , too, 
sh o u ld  be tak en  in to  acco u n t in ex p la in in g  N E S C O ’s style. O th e r  u tilities— 
C h icago 's C o m m o n w ea lth  E dison  fo r instance— regu larly  u sed  o n e  c o n 
su ltin g  firm  (S a rg ean t 8c L u n d y  in th is case), b u t th e  re la tio n sh ip  betw een  
N E S C O  a n d  M erz 8c M cL ellan  was so close th a t th e  first was ra re ly  spoken  
o r  w ritten  a b o u t in iso lation  fro m  th e  o th e r . N E SC O  p ro v id ed  electricity  
to  th e  n o r th e a s t c oast o f  E n g lan d , b u t c o n te m p o ra r ie s  a ttr ib u te d  th e  grow th  
o f  e lec tric  su p p ly  in th e  reg io n  to  C h arles  M erz a n d  to  M erz & M cLcllan. 
T h e  p o w er sta tio n s o f  N E S C O  a ttra c te d  w orld-w ide a tten tio n , bu t they 
w ere d e s ig n e d  a n d  co n s tru c te d  by M erz 8c M cLellan. N ESC O  h ad  its ow n 
b o a rd  o f  d ire c to rs  a n d  m an ag e rs— m en  o f  r e p u ta tio n  such  as R. P. S loan— 
b u t C h a rle s  M erz, n o t S loan  o r  th e  o th e r  com pany  heads, was know n as 
th e  reg io n a l e n t r e p re n e u r  in th e  w orld  o f  e lectric  supply . Even h istories 
o f  N E S C O  give M erz, ra th e r  th a n  com pany  m an ag ers  a n d  eng in ee rs , the 
p ro m in e n t p lace .79

T h e  o rg a n ic  re la tio n sh ip  th a t ex isted  betw een  N E SC O  a n d  M erz 8c 
M cLellan can  be seen  in a survey  o r  th e ir  history  a n d  p articu la rly  o f  the  
c a re e r  o f  C h a rle s  M erz (1874 -1 9 4 0 ). In  1889 M erz was loo you n g  to  take 
p a r t  in th e  ro u n d in g  o f  N E SC O  by his la th e r , J .  T h e o d o re  M erz; his uncle, 
R. S p en ce  W atson; a n d  six o th e rs . C harles  a tte n d e d  B oo lham  School in 
Y ork a n d  A rm s tro n g  C ollege in New castle, bu t lie d id  not com ple te  the 
co u rse  o f  s tu d y  at A rm stro n g . H e a p p re n tic e d  a t P an d o n  D ene, th e  first 
o f  N E S C O ’s g e n e ra tin g  s ta tions. H e also a p p ren ticed  with Robey o f  L incoln 
on  h ig h -sp eed  en g in es  a n d  w ith British T h o m so n -H o u s to n . A fte r a p p re n -

™ Heard, "T heir Achievement—O ur Heritage."
’"See, for example. Heard's "Their Achievement—O ur Heritage" and "NLSCO ii 

Karlv Davit."
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Figure XIV. 30. Transmission anil 
distribution system o f NESCO, 1911, 

('.ourlesx of NESCO, Newcastle upon Tyne, 
England.
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licesh ip , h e  jo in e d  BTM  a n d  b ecam e m a n a g e r  a n d  e n g in e e r  o f  its e lectric  
su p p ly  utility  a t C ro y d o n . A lso fo r  B T I I, he  su p e rv ised  c o n s tru c tio n  o f  an  
e lec tric  p la n t fo r  tram w ays a n d  lig h tin g  at C o rk , w h e re  he m et W illiam  
M cL ellan , w ho  la te r  becam e his p a r tn e r  in th e  c o n su ltin g  e n g in e e r in g  firm  
M erz & M cL ellan .H0

“ J . M. B urnell. "Charles II. Mcrz, 1874-1940," Papers Presented at the Fourth Weekend 
Meeting on the Histoiy of Electrical Engineering. Durham, 2 -4  July 1976 (London: Institution of 
blectrical Knginecrs, n.d.), pp. 24-35.
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J .  T h e o d o re  a n d  C h a rle s  M erz d rew  to g e th e r  in th e ir  w ork  w hen in 1899 
C h a rle s  was a sked  by th e  W alker 8c W allsend  G as C o m p an y  to  su p e r in te n d  
co n s tru c tio n  o f  an  e lec tric  p o w er p lan t to  su p p ly  po w er to  in d u s try  on  the  
T y n es id e . C h a rle s ’s u n c le , J o h n  W igham  R ichardson , was a d ire c to r  for 
W alker 8c W allsend . C h a rle s  was even tua lly  o ffe re d  a jo b  as e n g in e e r  for 
th e  co m p an y , b u t h e  re fu se d , p re fe r r in g  to  estab lish  his ow n co n su ltin g  
e n g in e e r in g  firm  so th a t he  m ig h t p lan , design , a n d  su p erv ise  co n stru c tio n  
fo r a n u m b e r  o f  c lien ts in a d d itio n  to  W alker & W allsend. T h e  N e p tu n e  
B ank p o w er s ta tio n  th a t was b u ilt fo r W alker 8c W allsend was th e  first 
th re e -p h a se  su p p ly  u tility  in E n g lan d  a n d  a ttra c te d  co n sid erab le  p ro fe s 
sional a tte n tio n .81 N o  less a scien tific  fig u re  th an  L ord  Kelvin p e rfo rm e d  
th e  o p e n in g  ce rem o n y  on  18 J u n e  1901. Kelvin h ad  been  an  advoca te  o f  
d ire c t c u r re n t.

E stab lished  in  N ew castle, ad v ise r to  a p o w er com pany , a n d  close once 
aga in  to  N E SC O  a n d  his fa th e r , C h a rle s  M erz co n cep tua lized  a tech n o lo g 
ical a n d  econom ic  stra teg y  th a t becam e his h a llm ark . As n o ted , N ESC O  
soon p u rc h a se d  th e  e lectric  su p p ly  business o f  th e  W alker Gas C o m pany  
a n d  em b a rk e d , w ith C h arles 's  an d  his fa th e r ’s gu id an ce , on  an  innovative 
policy o f  d ev e lo p in g  a reg iona l p o w er com pany  instead  o f  sim ply an  u rb an  
u tility . C h a rle s  th e n  asked  th e  Scotsm an W illiam M cLellan to  jo in  him . 
M cL ellan, w ho was tw o m o n th s  y o u n g e r  th an  C harles  M erz, had  co m p le ted  
th e  e n g in e e r in g  c o u rse  a t L iverpool U niversity  a n d  w orked  fo r th e  e lectrical 
m a n u fa c tu re r  S iem ens B ro th e rs  o f  E ngland .

T h e  de ta ils  o f  M erz a n d  M cLellan 's early  plans have surv ived  and  give 
a ra re  g lim pse  o f  th e  o rig in s  o f  a co n su lting  e n g in ee r in g  firm . In  1900 the  
y o u n g  m en  c o rre sp o n d e d  a l te r  M erz asked  M cLellan to  jo in  him  in the 
v en tu re . M cLellan was ca re fu l to  stress th a t lie in no way w anted  to  trad e  
on  his f r ie n d sh ip ; h e  p re fe r re d  th a t a businesslike a rra n g e m e n t be nego-

1,1 Beard, "T heir Achievement—O ur IlerilaRe.” p. 11.
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Figure X/V.52. William McLrllan. From 
Howland. Progress in Power, facing p. I.

lia tcd . M erz said  th a l s ince  h e  d id  n o t in te n d  to  give all o f  his lim e to  
N ew castle  p ro jec ts , M cL ellan  sh o u ld  becom e th e  re s id e n t m a n a g e r  th e re . 
T h e  tw o m en  in fo rm a lly  a g re e d  th a t M cLellan sh o u ld  receive a m on th ly  
sa la ry  a m o u n tin g  to  £ 3 0 0  p e r  a n n u m , an  a d d itio n a l £ 200  a t th e  e n d  o f  the  
year, a n d  o n e -q u a r te r  o f  th e  f irm ’s ne t p ro fits  each  year. M crz’s £1 ,000  
sa la ry  w ou ld  be d e d u c te d  in d e te rm in in g  th e  ne t. (M erz was a t liberty , so 
lo n g  as h e  d id  n o t u se  th e  N ew castle  s ta ff, to  tak e  c o n su ltin g  w ork  else
w h ere .)  B o th  m en  also  w an ted  to  tu rn  back  in to  th e  co n su ltin g  business 
th re e -q u a r te rs  o f  th e  sh a re  each  to o k  fro m  th e  ne t p ro fits .

T h e y  e s tim a te d  th a t d u r in g  th e  first tw o years  th e  f irm ’s incom e w ould 
be as follow s: N e p tu n e  B an k  p o w e r s ta tio n  fo r  W alk er 8c W allsend  G as 
C o m p a n y , £ 7 ,5 0 0  o n  a £ 1 5 0 ,0 0 0  p ro jec t; u n d e rg ro u n d  tran sm issio n /d is
t r ib u tio n  cab le  fo r  N E S C O , £ 5 ,0 0 0  o n  a £1 0 0 ,0 0 0  p ro jec t; a n d  a tram w ays 
p ro jec t,  £ 2 ,0 0 0  o n  £ 4 0 ,0 0 0 , fo r  a to ta l o f  £ 1 4 ,5 0 0  in co n su ltin g  fees. T h ey  
also e s tim a te d  th a t a n n u a l e x p e n se s  fo r  th e ir  firm  w ould  a m o u n t to  th e  
£ 1 ,5 0 0  sa la ry  fo r  th e  tw o o f  th e m , £ 3 5 0  fo r  trave l e x p en ses , a n d  £1 ,850  
fo r  o ffice  ex p e n se s . S ince th e  e x p e n se s  fo r  tw o years  a m o u n te d  to  £7 ,400  
a n d  s ince  th ey  h a d  a lre a d y  sp e n t £ 1 ,4 0 0  fo r  th e ir  o ffice , th e  tw o m en  
e x p e c te d  a n e t g a in  o f  £ 5 ,7 0 0  in th e  firs t tw o years, o f  w hich  C h a rle s  M erz’s 
s h a re  w ould  a m o u n t to  £4 ,275 a n d  W illiam M cLellan’s £1,425. T h ey  p lanned  
to  re in v es t as a g re e d .82

In  th e ir  o ffices  they  p la n n e d  to  have  tw o sa la ried  em p lo y ees (p robab ly  
e n g in e e rs )  a n d  a c h ie f  d ra f tsm a n ,  w hose a n n u a l salary  w ou ld  be £200 , th e  
sam e  as th e  e n g in e e r s ’. A lso o n  h a n d  w ou ld  be  th re e  a ssistan t d ra f tsm e n , 
th re e  ju n io r  assistants, fo u r  typists, a n d  two office boys. T h e  M erz 8c M cLellan 
s ta f f  w o u ld  in tim e  c o o p e ra te  closely w ith th e  s ta f f  o f  N E SC O . By 1913 
th e  s ta f f  o f  M erz 8c M cL ellan  h ad  g ro w n  to  s ev en ty - th ree  a n d  th e  co m p an y  
h ad  o p e n e d  a L o n d o n  o ffice  on  V ictoria  S tre e t,  trad itio n a lly  th e  d istric t 
w h e re  e n g in e e rs  h a d  th e ir  o ffices. A n o ffice  in L o n d o n  fac ilita ted  p a r lia 
m en ta ry  associations, testim ony befo re  p a rliam en tary  com m ittees, and  work 
in th e  C o m m o n w e a lth .

C h a rle s  M erz trav e led  th ro u g h o u t  th e  w orld  fo r  M erz 8c M cLellan. In  
1901 a n d  ag a in  in  1906 he  v isited th e  U n ited  S tales, w h e re  h e  m et S am uel 
In su ll. A close p ro fe ss io n a l a n d  b usiness  re la tio n sh ip  d e v e lo p e d  betw een  
th e  tw o, su rv iv in g  ev en  In su lt 's  financ ia l co llapse a n d  pub lic  d isg race  fol
low ing  his in d ic tm e n t o n  c h a rg e s  o f  f r a u d u le n t p rac tices  as a h o ld in g - 
co m p a n y  e n t r e p r e n e u r ,  c h a rg e s  o f  w hich h e  was ev en tu a lly  d e c la re d  in 
n o cen t. M erz o rg a n iz e d  a p r iv a te  lu n ch eo n  fo r  th e  “ fallen  g ian t"  a t th e  
R e fo rm  C lu b , “an  ac tio n  by w hich In su ll was m u ch  m o v ed ."83 O n  several 
occasions M erz 8c M cL ellan  also se rv ed  as a c o n su ltin g  firm  fo r  C o m m o n 
w ealth  E d iso n , especially  o n  s team  tu rb in e  p lan ts  a n d  o n  g e n e ra l dev e l
o p m e n t m a tte rs .8'1 M erz, P arsons, a n d  In su ll w orked  to g e th e r  in 1912 w hen

"J McLcllan to Mcrz, 4 August 1900, and cl raft o f an agreem ent (n.d.). C. H. Merz lockbox, 
Mcrz 8c McLcllan Co. Archives.

"’ Rowland, Progress in Power, p. 76.
"’ Sec, for instance, Merz 8c Mcl.ellan, "Commonwealth Edison Com pany and Associated 

Com panies: Report on the Present and Future Development o f the Electrical System," Merz 
8c McLellan Papers (vol. 1/1.8. Folio 29), Tyne and W ear County Council Archives. T he Tirni 
also prepared  a major study o f the urban utilities o f London, New York, and Paris, among 
others, for the Consolidated Edison Co. o f New York; see C hapter X II, note 60, above.
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In su ll’s C o m m o n w ea lth  E dison  C o m p an y  o rd e re d  a 25,000-kw . u n it, th en  
th e  la rgest in th e  w orld . M erz also observed  e n g in e e r in g  practices, p re p a re d  
re p o rts , a n d  o rg an ized  c o n s tru c tio n  p ro jec ts  in A ustra lia . A rg en tin a , S ou th  
A lrica , In d ia , a n d  in A m erican  an d  B ritish  cities o th e r  th a n  C h icago  a n d  
N ew castle u p o n  T y n e . H e becam e an  agen t o f  techno logy  tra n s fe r  on  a 
g ra n d  scale, tak in g  w ith him  th e  ex p e rien ce  he g a in ed  in b u ild in g  the  
N E SC O  system  o n  th e  n o rth e a s t coast o f  E n g lan d  a n d  b r in g in g  back sta te- 
o f- th e -a r t ideas I ro m  th e  rest o f  th e  w orld . Me also associated  w ith o th e r  
lead e rs  in e lectrical e n g in e e r in g  a n d  m an ag em en t, such  as G eo rg  K lingen- 
b e rg  o f  A EG . N o h isto ry  o f  techno logy  tra n s fe r  w ould  be co m p le te  w ithou t 
co n s id e ra tio n  o f  c o n su ltin g  en g in e e rs  like M erz.

W e have a lread y  n o ted  in th is stu d y  M erz’s e ffectiveness as a p a r lia m e n 
tary  w itness on  b e h a lf  o f  p o w er bills, his co n trib u tio n s  to  th e  c rea tio n  of 
th e  G rid , a n d  h is le ad in g  ro le  d u r in g  W orld  W ar I as a m e m b e r o f  p a r lia 
m e n ta ry  co m m itees  p la n n in g  th e  reo rg an iza tio n  o f  e lectric  supp ly  in E n g 
land  a f te r  th e  w ar (see pp . 31 9 -2 1  above). H e  was believed by m any  to  be 
th e  m ost e ffec tiv e  e x p e r t  w itness in th e  en g in e e r in g  w orld . In  p re sen tin g  
his cases h e  u sed  h ighly  im ag ina tive  statistical tables, g ra p h s , a n d  ch arts  
p re p a re d  by h is firm . In  W orld  W ar I he  also se rved  as a m e m b e r o f  the  
A d m ira lty ’s co m m ittee  on  an tisu b m a rin e  w arfa re  a n d  th en  as d ire c to r  o f  
ex p e rim e n ts  a n d  re sea rch  fo r  th e  A dm ira lty , a position  th a t was u sed  to 
d raw  scien tists a n d  en g in e e rs  in to  w artim e  resea rch  a n d  d ev e lo p m en t. T h u s  
M erz was a p io n e e r  in th e  tr e n d  th a t w ould  cu lm in a te  in th e  fo rg in g  o f  
th e  scien tific , e n g in e e r in g , a n d  m ilitary  e stab lish m en t th a t p e rfo rm e d  so 
effectively  in  W orld  W ar I I .85 In  1940 M erz’s L o n d o n  h o m e was h it by a 
b o m b  a n d  h e  a n d  his tw o c h ild re n  w ere killed; his wife surv ived .

C h a rle s  M erz a r tic u la te d  a n d  d issem in a ted  th e  econom ic a n d  tech n o lo g 
ical p rin c ip le s  o f  reg io n a l system s. H e  took  in to  accoun t th e  technological 
a n d  econom ic  g ivens a n d  fo rg ed  stra teg y  a n d  tactics fo r N ESC O . In  so 
d o in g , he  jo in e d  th e  ran k s o f  such  m en  as Sam uel Insu il, H u g o  S tinnes, 
O sk a r  von  M iller, A. K o epchen , C harles  S tone , Edw in W ebster, a n d  S. Z. 
M itchell. Each o f fe re d  a p a r tic u la r  em p h asis  in his pub lica tions a n d  works. 
M erz stre ssed  th e  d ev e lo p m en t o f  h ighly e ffic ien t s team -tu rb in e  pow er 
plan ts  to  su p p ly  la rg e  in d u s tria l co n su m ers  a n d  trac tion . In  1904, with 
W illiam  M cL ellan, he  pub lish ed  a p a p e r  on  th e  design  o f  pow er sta tions 
th a t becam e an  au tho rita tive  sta tem en t am ong  engineers. M erz and  McLellan 
foresaw  in 1904 th a t
large power schemes will probably eventually consist o f a network of 
transmission cables, substations and distribution cables, supplying all I lie power 
requirem ents o f a neighborhood and drawing a supply from more than one 
power station, the latter being located where electricity is to be obtained most 
cheaply Trom either coal or waste products."'1

T h e y  th e n  w en t o n  to  d iscuss th e  advan tages a n d  d isadvan tages o f  steam

"  For correspondence and other material about Mcrz's relationship with Sir Eric Geddes, 
first lord o f the Admiralty during World War I and later minister or transport, see item 36 
in the C. I I. Merz lockbox. Merz Sc McLellan Co. Archives. Leslie H annah, in Electricity Before 
NalionalLialion (Baltimore: T he Johns Hopkins University Press. 1979). and John  Rowland, 
in Progress and Power, also discuss Merz's government service.

“  Charles II. Merz and William McLcllan. "Power Station Design,"Journal of the Proceedings 
of the Institution of Electrical Engineers 33 ( 1904): 4: reprint in the Mcrz Sc McLcllan Co. Archives.
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tu rb in e s , a q u e s tio n  th a t was q u ite  new  to  m ost o f  th e  e n g in e e r in g  w orld . 
T h e  first ste am  tu rb in e s  h a d  b een  in tro d u c e d  in a pub lic  u tility  in  1890 at 
th e  F o rth  B an k s s ta tio n  o f  C h a rle s  P a rso n s’s N ew castle  8c D istric t C o m p an y , 
b u t th e se  w ere  sm all, 75-kw . u n its . O th e r  in s ta lla tions h ad  follow ed in 
E n g lan d , b u t a sizab le , 1,000-kw . u n it d id  n o t re su lt u n til 1900, in  E lberfe ld , 
G e rm an y . M erz 8c M cL ellan ’s early  in te re s t in tu rb in e s  is b e lte r  u n d e rs to o d  
w hen  o n e  n o te s  th a t th e  tu rb in e s  in sta lled  in E n g lan d  w ere  m ad e  by C h a rle s  
Parsons, w hose e n g in e e r in g  w orks w ere  loca ted  at T y n es id e . M erz a n d  
M cEellan fo u n d  o p in io n  still d iv id ed  on  th e  ad v a n ta g e s  a n d  d isad v an tag es 
o f  th e  tu rb in e  as c o m p a re d  to  th e  re c ip ro c a tin g  e n g in e , b u t they  p o in ted  
o u t th a t in n o v a tiv e  in s ta lla tio n s  w e re  u n d e r  way, in c lu d in g  C o m m o n w ea lth  
E d iso n ’s in sta lla tio n  a t Fisk S tre e t in C h icago . T h e y  c re d ite d  P a rso n s w ith 
th e  d e v e lo p m e n t o f  th e  tu rb in e , su g g e s tin g  th a t D e L aval’s tu rb in e  was so 
h ig h -sp e e d  th a t it was p rac tica l on ly  in sm all sizes.

In  th e  1904 a rtic le  a n d  la te r  essays M erz stre ssed  th e  reg io n a l ch a ra c te r  
o f  te ch n o lo g y .87 B ecause  o f  his fam ilia rity  w ith tech n o lo g y  th ro u g h o u t  th e  
w orld , h e  rea lized  th a t a u n iv ersa l best way d id  no t exist; in stead , a varie ty  
o f  styles p rev a iled . H e  believed  th a t local co n d itio n s  co m ple te ly  g o v e rn ed  
p o w e r su p p ly  w ith in  a reg io n . T h e re fo re ,  h e  chose  to  w rite  ab o u t the  
re la tiv e  ad v a n ta g e s  o f  h ig h - a n d  low -speed  rec ip ro c a tin g  en g in es  fo r  d r iv 
ing  g e n e ra to rs ,  n o tin g  th a t th e  h ig h -sp eed  en g in e  h ad  tak en  ro o t on ly  in 
B rita in . M erz also d iscu ssed  th e  d iffe re n c e s  in system  freq u en cy  e n c o u n 
te re d : 25 cycles in th e  M id lan d s o f  E n g lan d  a n d  w es te rn  S co tlan d ; 40  cycles 
o n  th e  n o r th e a s t coast o f  E n g la n d ; 50  cycles in L an cash ire  a n d  Y orksh ire ; 
50  cycles in F ran ce  a n d  G erm an y ; 40  cycles in Ita ly ; 25 a n d  60  cycles in 
th e  U n ite d  S ta tes; a n d  50  a n d  60  cycles in J a p a n .  (Jap an  cou ld  d raw  on 
b o th  E u ro p e a n  a n d  A m erican  tech n o lo g y .) H e  w en t o n  to  observe  th a t 
d if fe re n t  e n e rg y  so u rces  co u ld  be e x p lo ite d  ad v an tag eo u s ly  in  d iffe re n t 
reg io n s. H e  was p a r tic u la r ly  in te re s te d  in his ow n r e g io n ’s u se  o f  w aste hea t 
fro m  coke  o v en s  a n d  blast fu rn aces . In  1924 he e x p la in e d  w hy, co m p a re d  
to  th e  re s t o f  th e  w o rld , re la tively  low voltages w ere u sed  fo r  transm ission  
in  E n g la n d . E n g lan d  was an  ag ed  a n d  se ttled  n a tio n  w h e re  lan d o w n ers  
en jo y in g  tra d itio n a l r ig h ts  o b s tru c te d  th e  g r a n tin g  o f  w ayleaves th a t w ould 
m ak e  feasib le  e x te n d e d  h ig h -v o ltag e  p o in t- to -p o in t tran sm issio n . F u r th e r 
m o re , E n g la n d  was d en se ly  se ttled , in d u stria lly  d e v e lo p e d , a n d  h ad  n u 
m e ro u s  coal fie lds; h ig h -v o ltag e  tran sm issio n  like th a t u sed  in C alifo rn ia  
was n o t n e e d e d . T h e  B ritish  e re c te d  inex p en siv e  w oo d en  poles to  follow  
th e  ir r e g u la r  b o u n d a r ie s  o f  th e  lan d , "w hich  d o  n o t follow  s tra ig h t lines 
bu t a re  th e  re su lt o f  g ra d u a l g ro w th  fro m  an  a lm ost im m em o ria l p a s t.”88 
T h e  c o n tra s t  b e tw een  th is p a tte rn  a n d  th e  w ide o p e n  spaces in m u ch  o f  
th e  U n ited  S la te s  was d ra m a tic .

1,7 Mcrz published a num ber o f  articles and presented a num ber of talks, reprints o f which 
arc in the Mcrz Sc McLcllan Co. Archives. Among them arc Charles Merz and William 
McLcllan, "Power Station Design"; Merz, "Power Supply and Its Effects on the Industries o f 
the North-East Coast"; Charles I I. Merz, "Electric Power Distribution" (Paper read before 
the A nnual Meeting o f the British Association for the Advancement o f Science. Newcastle 
upon Tyne, 5 -9  Septem ber 1919, and published in Engineering 102 11916): 262-63): and 
Charles H. Merz, "T he Transm ission and Distribution of Electrical Energy" (Talk given at 
the First W orld Power Conference. London. 1924).

""Merz. “T he  Transm ission and Distribution o f Electrical Energy," p. 9.
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II w ould  be in te re s tin g  to  know  th e  ex te n t to  w hich th e  a u th o r  o f  The 
History o f European Thought in the Nineteenth Century sh a p e d  th e  concep ts  of 
his son . J .  M. B u rn e tt  o f  M erz 8c M cLellan believes th a t "it was p robab ly  
J .  T h e o d o re  r a th e r  th a n  his son  w ho first conceived  o f  a reg io n a l su p p ly  
system , th e  firs t in B rita in .’’89 L ittle ev idence  o f  J .  T h e o d o re  M erz's in f lu 
en ce  in e lectrical m a tte rs  is availab le , how ever. H is m em o o f  O c to b e r 1898 
en title d  "O n  th e  P re sen t P osition a n d  th e  F u r th e r  D ev elo p m en t o f  the  
N ew castle  E lectric  S u p p ly  S ta tio n ” is an  ex cep tio n . H e  p re faced  his rem ark s 
by say ing  th a t he d id  n o t c o n s id e r  h im se lf an  e x p e rt  on  electrical supply  
b u t th a t h e  h a d  ta lked  to  m any  e x p e rts  a n d  was an  in te lligen t com pile r. 
H e  a rg u e d  th a t N E S C O ’s system  was o u t o f  d a te  b ecause th e  s ta tion  was 
sm all a n d  su p p lie d  lig h t to  on ly  a sm all a rea  o f  th e  city. Its sing le-phase 
a lte rn a tin g -c u r re n t d is trib u tio n  h ad  b een  o u tm o d e d  by p o lyphase  d is tr i
b u tio n . M ore  im p o r ta n t, th e  c o m p an y  n e e d e d  to  bu ild  a la rg e  sta tion  on 
th e  T y n e  R iver, w h e re  c o n d e n s in g  w ater was p len tifu l, a n d  o u ts id e  the 
city, w h e re  lan d  was in ex p en siv e  a n d  sm oke  w ould  n o t cause  a nu isance. 
T h e  s ta tion  w ou ld  su p p ly  in d u s tr ia l a n d  dense ly  se ttled  re siden tia l areas 
p rim arily . J .  T h e o d o re  re c o m m e n d e d  an  e x p e n d itu re  o f  £ 4 0 ,000  for the 
sta tio n  a n d  su g g es ted  ways o f  ra is ing  th e  m oney .90

T h e  M erzes c o o rd in a te d  techno logy , econom ics, a n d  th e ir  social netw ork . 
W hile local-governm ent-ow ned electric supply  undertak ings elsew here were 
ex trem e ly  sensitive  to  th e  d e m a n d  fo r electric ity  m ad e  by taxpayers  o r  
ra te p a y e rs , N E S C O  c o n c e n tra te d  on  th e  in d u stria l po w er load , m uch  o f  
w hich was c o n tro lle d  by th e  M erzes’ Q u a k e r  kin o r  frien d s. A fte r  1900 
N E S C O ’s load  b ecam e increasing ly  in d u s tria l, a n d  by th e  1920s, no  m ore  
th an  10 p e rc e n t o f  th e  load  cou ld  be a ttr ib u te d  to  o rd in a ry  ligh tin g  a n d  
dom estic  ap p lian ces . C h a rle s  M erz u sed  th e  s ta ff  o f  his con su ltin g  en g i
n e e r in g  firm  to  sell N E SC O  p o w er to  local in d u strie s  a n d  th en  th e  firm  
ac ted  as a co n su lta n t in th e  d esign  o f  th e  e q u ip m e n t an d  installa tion  fo r 
th e se  cu s to m ers . M erz & M cL ellan ’s designs nicely in te g ra te d  supp ly  and  
d e m a n d . It is n o t s u rp r is in g  to  f ind  am o n g  th e  m ajo r custom ers  o f  N ESC O  
in 1910 A rm strong , W hitw orth  & C om pany  and  Swan, H u n te r, an d  W igham  
R ich a rd so n  8c C o m p an y , th e  d irec to rs  a n d  m an ag e rs  o f  w hich w ere e ith e r  
re la ted  to  o r  closely assoc ia ted  w ith th e  M erzes socially a n d  in various 
in d u s tr ia l activ ities.91 S ir A n d rew  N oble, c h a irm an  o f  A rm stro n g , W hit
w o rth  8c C o m p an y , fo r  in stance , was an  in te re sted  p a rtic ip an t in C harles 
M erz’s e f fo r t  to  o rg an ize  e lec tric  su p p ly  in L o n d o n  (see p. 249 above). T h e  
M erzes’ ties w ith th e  sh ip b u ild in g  firm  o f  Sw an, H u n te r , a n d  W igham  
R ich a rd so n  have  b een  no ted .

As a co n su ltin g  e n g in e e r  fo r N E SC O , C h arles  M erz p ro v id ed  m ines and  
in d u s try  w ith d esigns th a t re o rg an ized  p ro d u c tio n  on  th e  no rth east coast 
o f  E n g lan d . H e adv ised  th e  p o ten tia l cu s to m er in detail abou t th e  way in 
w hich elec tric  m o to rs  cou ld  be u sed  to  rep lace  steam  eng ines  a n d  how the  
w orkp lace  cou ld  be re o rg an ized  because ind iv idual electric m o to r d rive  
p e rm itte d  m o re  freed o m  o f  location th an  d id  m achines d riv en  by steam

8U Burnell, “Charles II. Merz." p. 24.
WIA copy of ilie memo is on file in the Mcrz Sc McLellan Co. Archives.
Bl Eneinrerinir, c. 1910-11: reprint in the Metz Sc Mcl.ell.in Co. Archives.
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en g in es , w ith ilie ir  c o u n te rs h a f t  a n d  b e lt-tran sm iss io n .92 M erz recalls th a t 
o n ce  th e ir  bias in fav o r o f  s team  was o v e rco m e , th e  e n g in e e rs  a n d  sh ip 
b u ild e rs  o fT y n e s id e  fo u n d  th e  new  p o w er h igh ly  a d a p ta b le , a n d  th a t w ith in  
a few years  th ey  w ere  u s in g  fa r  m o re  p o w er in th e  fo rm  o f  e lectric ity  th a n  
they  h ad  e m p lo y e d  e a r lie r  in th e  fo rm  o f  s te a m .98

P ow er s ta tio n s  d e s ig n e d  a n d  b u ilt by M erz 8c M cLellan fo r  N E S C O  e m 
b o d ied  th e  p a r tn e r s ’ views o n  th e  p rim acy  o f  in d u s tr ia l load , eco n o m y  o f  
scale, a n d  tu rb in e  e ffic iency . T h e  N e p tu n e  B ank  s ta tio n , w hich  was co m 
m issioned  in 1901, was th e  first sta tio n  d e s ig n e d  by M erz 8c M cLellan fo r 
th e  N ew castle  re g io n . O rig in a lly  e q u ip p e d  w ith m a rin e  re c ip ro c a tin g  e n 
g ines b u ilt by J o h n  W igham  R ic h a rd so n ’s co m p an y , th e  N e p tu n e  B ank  
s ta tio n  was e x p a n d e d  severa l years  la te r  fo llow ing  th e  in tro d u c tio n  o f  a 
1 ,500-kw . tu rb in e  u n it,  th e  la rg es t b u ilt by P arso n s u p  to  th a t lim e. M erz 
h a d  v isited  th e  n e a rb y  P arso n s w orks, w hich N E S C O  su p p lie d  w ith e lec
tric ity , to  in sp ec t th e  p re c e d e n t-se tt in g  E lb e rfe ld  tu rb in e s  w hile they  w ere 
b e in g  b u ilt.94 T h e  N e p tu n e  B ank  lu rb o a l le rn a to r  was th e  first la rg e  u n it 
to  g e n e ra te  th re e -p h a se  p o w e r.95 T h e  sta tio n  su p p lie d  a u n iv ersa l system  
p ro v id in g  th re e -p h a s e  a n d  d ire c t c u r r e n t  a t d if fe re n t  vo ltages. T h e  Elec
trician d e sc r ib ed  it as th e  firs t utility  in th e  U n ite d  K in g d o m  to  su p p ly  
e lec tric  p o w e r in b u lk .98

T w o  yea rs  a f te r  th e  com m issio n in g  o f  th e  N e p tu n e  B ank  s ta tio n , th e  
d e m a n d  o n  N E S C O  h a d  becom e so g re a t th a t  in 1904 th e  co m p a n y  b eg an  
co n s tru c tio n  o f  th e  C arv ille  s ta tio n , w hich was “th e  first la rg e  g e n e ra tin g  
sta tio n  o f  th e  m o d e rn  ty p e ” in th e  w o rld .97 T h e  s ta tio n  e m b o d ie d  p rin c ip le s  
e n u n c ia te d  by M erz a n d  M cL ellan  in th e ir  p a p e r  o f  1904. A m o n g  th ese  
was th e  “co m p le te  u n i t” system , w hich  m e a n t, in  e ffec t, d iv id in g  th e  sta tio n  
in to  a n u m b e r  o f  a u to n o m o u s  g e n e ra tin g  system s. T h e  g e n e ra tin g  un its  
w ere  en tire ly  tu rb in e -d r iv e n ; tw o h ad  an  o u tp u t  o f  3 ,500  kw. a n d  two 
p ro d u c e d  1,500 kw. T h e  la rg e  u n its  w ere  m o re  th a n  d o u b le  th e  capacity  
o f  any  tu rb in e s  th a t h ad  b een  bu ilt u p  to  th a t lim e. M erz a n d  M cLellan 
w ere  now  fu lly  c o m m itte d  to  tu rb in e s , d e sp ite  som e ea rly  o p e ra tin g  p ro b 
lem s a t th e  N e p tu n e  B an k  sta tio n .

In  1910 N E S C O  o p e n e d  a n o th e r  s ta tio n — at D u n s to n — w ith th re e  tu r 
b ines to ta lin g  a b o u t 30 ,0 0 0  kw. T h e se  tu rb in e s  h ad  b een  bu ilt by B row n  
B overi o f  S w itze rlan d  a n d  A EG  o f  G e rm an y . T h e  n ex t m a jo r  techno log ica l 
ad v an ce , h o w ev er, c am e  in 1916 w ith th e  co m m issio n in g  o f  a seco n d  s ta tio n  
at C arv ille . F o r m an y  years C arv ille  "B ” (Fig. X IV .33) h e ld  th e  re c o rd  as

'" 'M em orandum  o f C. II. Mcrz in R. I*. Sloan of NF.SCO, O cloltcr I‘105, Folder 29, C. H. 
Mcrz lockbox. Merz Sc McLellnn Co. Archives.

" 'b e a rd , "NF.SCO in ihe Early Days,” p. <i. Heard is <|unting from C. II. Mcrz's “Notes.” 
"''C harles II. Merz. "Autobiography," chapter entitled "Cork," p. 15. Merz Sc McLellan 

Co. Archives.
"'H eard , “T heir  A chievement—O ur Heritage," p. 11.
'“'"E lectric Power Supply at Newcastle-on Tyne." The Electrician 47 (1901): 319-27; copy 

in Mcrz Sc McLcllan Co. Archives.
"’ I.. Corani. "Hrilish Power Stations: Plant Closed Down" (a Mcrz Sc McLcllan manuscript 

booklet providing technical data on NESCO stations designed by the Urn) from 1904 to 1927). 
Merz Sc McLcllan Co. Archives: Heard. Their Achievement—O ur Heritage." p. 14.
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Figure X IV .33. Carville "B" power station. Courtesy o f NESCO. Newcastle upon Tyne. England.

th e  m ost econom ica l po w er s ta tion  in th e  w orld .98 A n u n p reced en ted ly  
h igh  s team  p re s su re  o f  250  psi a t a te m p e ra tu re  o f  650°F was used  in the  
s ta tio n ’s five Parsons 11,000-kw. tu rb o a lte rn a to rs . T h e  in crease in the rm a l 
effic iency  b ro u g h t ab o u t by ra is ing  p re ssu re  a n d  te m p e ra tu re  becam e o ne  
o f  th e  “critical p ro b le m s” o f  th e  1920s. M erz 8c M cLellan a d d e d  to  the  
m o m e n tu m  o f  th e  t re n d  by usin g  450  psi a n d  700°F at N o rth  T ees, the  
n ex t s ta tion  it d e s ig n ed  fo r N ESC O . N o rth  T ees h ad  M etropo litan  V ickers 
20,000-kw . tu rb o a lle rn a to rs . B egun  d u r in g  th e  w ar a n d  com ple ted  in 1921, 
th e  N o rth  T e c s  sta tio n  w on such  a re p u ta tio n  th a t anecdo tes  a re  still to ld  
o f  th e  ru ses  tr ie d  by A m erican  en g in ee rs  w an ting  to  inspect it d e sp ite  
w artim e secu rity  reg u la tio n s. In  1922, W. S. M onroe  o f  the  C hicago  c o n 
su ltin g  firm  o f  S a rg e n t 8c L u n d y  d escribed  N o rth  T ees as th e  m ost advanced  
p ow er s ta tion  in th e  w orld . C o n tin u in g  his to u r  o f  E u ro p ean  pow er sta tions, 
M o n ro e  was particu la rly  e ag e r to  discuss h ig h -p re ssu re  an d  h ig h -tem p er- 
a tu re  design  w ith “o u r  associates” M erz 8c M cLellan. (H e fo u n d  th e  m ost 
im p o rta n t po w er s ta tion  in E u ro p e  a f te r  N o rth  fe e s  to  be the new G cnn-

“ Uciii-tl. "T heir Achievement—O ur Heritage." p. 15.



4 5 8  N E T W O R K S  O F  P O W E R

Figure XIV. 34. NESCO's transmission and distribution system, c. 1923. Courtesy of NESCO, Newcastle upon Tyne, England

v illiers s ta tio n  o f  L 'U n io n  d ’E lec tric ile  in Paris, a s ta tio n  th a t h ad  been  
d e s ig n e d  by E rn es t M e rr ie r .)w

T h e  y ea r 1926 a n d  e s tab lish m en t o f  th e  G rid  b ro u g h t  a d ra m a tic  ch an g e  
in th e  o r ie n ta tio n  o f  N E S C O  a n d  M erz 8c M cL ellan , fo r  they  w ere  fo rced  
to  r e th in k  th e ir  p la n s  fo r  reg io n a l e lec trific a tio n  in th e  co n tex t o f  a n a tiona l 
n e tw o rk . T h e  m ost im m e d ia te  a n d  d ifficu lt p ro b le m  fo r  N E SC O  was th e  
c h a n g e  in fre q u e n c y . It was an  especially  v ex ing  p ro b lem  because  M erz 
a n d  h is assoc ia tes h a d  d e s ig n e d  an  in te g ra te d , s ta n d a rd iz e d -fre q u e n c y  re 
g iona l su p p ly  system  th a t was u n iq u e  am o n g  E n g la n d ’s u tilities. A fte r  1926, 
iron ica lly , th e  sy s tem ’s 40-cycle f req u en cy  was d e f in e d  as n o n s ta n d a rd . T h e  
e a r lie r  p ro cess  o f  in te g ra tio n  by m ean s  o f  h ig h -v o ltag e  tran sm issio n , ce n 
tra liza tio n  o f  c o n tro l,  a n d  s ta n d a rd iz a tio n  h ad  tak en  m o re  th a n  a decad e , 
b u t w ith th e  co m in g  o f  th e  G rid , th is re m a rk a b le  ach iev em en t becam e a 
1 ,400-m ile  inconsis tency .

T h e  C e n tra l  E lectric ity  B o a rd  d ec id ed  on  th e  u n ifo rm  th re e -p h a se  50- 
cycle s ta n d a rd  in stead  o f  N E S C O ’s 40  cycles because  50  cycles was th e

UM "Report o f W. W. M onroe o f Sargent 8c Lundy to Samuel Instill on T rip  to England and 
France, 19 Ju n e  1922," Mcrz 8c McLcllan “Reports and Tests" (vol. I /I .31, Folio 21, Doc. #  
35/109), T yne and Wear County Council Archives. On NESCO power stations in the 1920s, 
see also N.E.S. Co., Ltd., Electricity Supply on the North-East Coast (1924?), pp. 5 -6 , 28 (a booklet 
published by NESCO); "T he N orth Tees Power Station," Engineering 117 (1924); 753-55 and 
118 (1924); 57 -59  (reprint in Merz 8c McLcllan Company Archives).
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E u ro p e a n  s ta n d a rd  (excep t in Italy); because m ost o f  th e  ex isting  British 
p o ly p h ase  p o w er p lan ts  o u ts id e  N E SC O  o p e ra te d  at 50 cycles; a n d  because 
B ritish  m a n u fa c tu re rs  w an ted  a m ark e t o u ts id e  E n g lan d  fa r  th e  e q u ip m e n t 
th ey  w ould  d es ig n  a n d  su p p ly  in q u an tity  fo r th e  G r id .10'' T h e  decision  
en ta ile d  se rio u s  c o n seq u en ces , fo r it involved  co nversion  o f  h u n d re d s  ol 
tu rb o g e n e ra to rs ,  h u n d re d s  o r  th o u sa n d s  o f  m o to rs , a n d  alm ost h a l f a  m il
lion co n su m e rs  f ro m  o th e r  freq u en c ies .

In  th e  1926 leg isla tion  an  e f fo r t  was m ad e  to  so ften  th e  blow for N E SC O  
a n d  its c u s to m e rs  by p ro v id in g  fo r  a g o v e rn m e n t loan  to  accom plish  the 
c o n v e rs io n . T h e  e n tire  e lec tric  su p p ly  in d u s try  w ould  sh a re  th e  rep ay m en t 
cost; each  utility , o r  a u th o r iz e d  u n d e rta k in g , w ould  be re q u ire d  to  m ake 
an  a n n u a l p ay m e n t o v e r  fo rty  y ears on  th e  basis o f  its rev en u es. Pro jections 
a n d  ana lyses  e s tim a te d  th e  to ta l cost o f  f req u en cy  conversion  to  be £10.5 
m illion . D eta iled  s tu d ie s , h o w ev er, rev ea led  a fa r g re a te r  p ro b lem  th a n  the 
o n e  fo r  w hich  P a r lia m e n t p ro v id e d . By 1930 th e  estim a te  fo r th e  conversion  
in  n o r th e a s t E n g la n d  a lo n e  a m o u n te d  to  a gross o f  £9  m illion. B ecause ol 
th e  e sca la tio n , ac tio n  was d e lay ed  a n d  a lte rn a tiv es  to  in te g ra tin g  th e  a lready  
w e ll-in teg ra ted  n o r th e a s t in to  th e  la rg e  n a tiona l system  w ere e x p lo red .

E lectrical s u p p lie rs  a n d  th e  la rg e  in d u s tr ia l co n su m ers  in M crz's n o r th 
east o p p o se d  th e  c h a n g e o v e r  fo r a n u m b e r  o f  reasons. T h e  g o v e rn m en t 
h a d  a r r a n g e d  fu n d in g  fo r  th e  c o n v e rsio n , b u t h a d  n o t p ro v id ed  c o m p e n 
sa tion  fo r  th e  d is ru p tio n  o f  e q u ip m e n t a n d  facilities while th e  w ork was 
u n d e r  way. M o reo v e r, th e  n o r th e a s t system  h a d  a h ig h  load  factor, and  
th e  a rg u m e n t  co u ld  be  m a d e  th a t in c rea sed  econom ies re su ltin g  from  in 
c o rp o ra tio n  in to  a la rg e r  system  w ould  be  sm all, if any. In  a re p o rt on 
s ta n d a rd iz a tio n  o f  fre q u e n c y  p re p a re d  by N E S C O  a n d  associated  co m 
pan ie s , a m e m b e r  o f  th e  M erz  8c M cLellan firm  advised  th e  C en tra l Elec
tric ity  G e n e ra tin g  B o a rd  n o t to  p ro c e e d  w ith c o n v e rs io n .101

E vents o n  a la rg e r  scale, how ever, re lieved  th e  tension . A fte r  th e  C en tra l 
E lectric ity  B o a rd  fo u n d  th a t th e  cho ice  was b e tw een  con v ersio n  o r  iso lation 
o f  th e  n o r th e a s t  coasta l re g io n , it p e titio n ed  th e  g o v e rn m e n t to  a llocate 
severa l m illion  p o u n d s  in u n e m p lo y m e n t g ra n ts  to  th e  p ro jec t. This w ould 
a t least m e a n  th a t th e  c o u n try ’s su p p lie rs  w ould  n o t be b u rd e n e d  by an  
in to le ra b le  d e b t. T h e  in d u s tr ia l  n o rth e a s t was feeling  th e  d ep re ss io n , a n d  
th e  c h a n g e o v e r  was seen  as a pallia tive , h igh ly  ra tio n a l, a n d  in th e  long  
ru n  an  eco n o m ica lly  d e s ira b le  p ro jec t. T h e  fu n d s  w ere a p p ro p r ia te d .

C o n f ro n te d  by th e  p ro b lem s o f  co n v ersio n  a n d  th e  loss o f  au to n o m y  
th ro u g h  in c lu sio n  in th e  G rid , th e  d e s ig n e rs  a n d  o p e ra to rs  o f  N E SC O  could  
still look  b ack  o n  a n  u n u su a lly  in te re s tin g  an d , fo r E n g lan d , p a radox ica l 
h is to ry . F ro m  a h is to rica l persp ec tiv e , th e  p rin c ip a l ex p lan a tio n  fo r  the  
e v o lu tio n  o f  N E S C O  in to  a reg io n a l system  was political a n d  social. T h e  
g eo g ra p h ic a l,  eco n o m ic , a n d  o rg an iza tio n a l fac to rs  w ere favo rab le , bu t tha t 
co m b in a tio n  (w ith m in o r  v a ria tions) co u ld  be fo u n d  e lsew here  in E ng land .

100 Mcrz, "Electric Power D istribution," pp. 262-03.
1(11 T he  cost o f frequency standardization was estimated in Minutes o f (lie Central Electricity 

Board. 10 January  1930, "Standardization of Frequency"; and Merz & McLellan. Refmrt on 
the Standardization o f Frequency on the System of the Newcastle upon Tyne Electric Supply Company, 
Ltd., and Associated Companies (January 1928); both in the Electricity Council Archives, Izmdon. 
Sec also G reat Britain, Ministry o f T rans|x irt, Refiorl of the Committee Appointed to Revieui the 
National Problem o f the Supply o f Electrical Energy (London: 1IMSO. 1926).
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W hai was u n iq u e  in th e  N ew castle  a n d  T y n e s id e  reg io n  was th e  ability  o f  
th e  Merz.es a n d  th e ir  associates to  p u l as ide  th e  fru s tra tin g  c o n trad ic tio n s  
th a t w e re  e x ta n t e lsew h ere  in  E n g lan d . In  L o n d o n , th e  con flic t betw een  
th e  p a r lie s  fa v o rin g  th e  cen tra liz .a tion  o f  L o n d o n ’s g o v e rn m e n t a n d  those  
ad v o c a tin g  its d ecen tra liz a tio n  s tym ied  th e  d e v e lo p m e n t o f  a cen tra liz ed  
L o n d o n  p o w er system . In  th e  la rg e  u rb a n -in d u s tr ia l  c e n te rs  o f  th e  M id lands 
a n d  th e  L iv e rp o o l-M a n c h e s te r  re g io n , th e  forces o f  m u n ic ip a l socialism  
c o n te n d e d  w ith th o se  o f  p r iv a te  o w n e rsh ip , a n d  as a re su lt, th e  g o v e rn m en t- 
ow n ed  u tilities  w e re  c o n fin e d  m ostly  to  th e  po litical ju r isd ic tio n  o f  the  
m un ic ip a lity , a n d  th e  p r iv a te  p o w e r c o m p an ie s , w ith th e ir  fran ch ises  for 
la rg e  a rea s , w ere  d e n ie d  access to  th e  u rb a n  d is tric ts . N E S C O , by co n tra st, 
was a p riv a te ly  o w n ed  u rb a n  utility  th a t m e ta m o rp h o se d  in to  a p rivately  
ow n ed  p o w e r c o m p a n y  th a t c ro ssed  th e  p a ro ch ia l po litical b o u n d a rie s . T h e  
ex p la n a tio n  lies to  a la rg e  e x te n t in th e  political, f inanc ia l, a n d  in d u stria l 
n e tw o rk , o r  c o m m u n ity , p re s id e d  ov er, o r  p a r tic ip a te d  in , by th e  kin and  
f r ie n d s  o f  th e  Q u a k e r  M erzes. T h is  social a n d  techno log ica l n e tw o rk  te n d e d  
to  see p o w e r— b o th  political a n d  e lec tric— as th e  G e rm a n s  a n d  A m ericans 
saw  it: as a m ean s  to  tech n o lo g ica l en d s.



C H A P T E R  X V

Epilogue

This stu d y  e n d s  w ith th e  y ea r 1930. T h e  reg iona l p ow er system s, in 
c lu d in g  th o se  ow n ed  by p riv a te  u tilities, g o v e rn m en t agencies, and  

m ixed p rivate  a n d  gov e rn m en t en terprises, had  m atu red . A fter 1930, changes 
in th e se  system s b ecam e less q u a lita tive  a n d  m o re  re g u la r  a n d  p red ictab le . 
T h e  r e a d e r  w ho  is d isa p p o in te d  th a t th e  stu d y  does n o t ex ten d  to the  
p re se n t sh o u ld  co n s id e r  th a t th e  analysis o f  a c o h e ren t, fo rm ative  p eriod  
in th e  h is to ry  o f  p o w er system s is likely to  be m o re  m ean in g fu l th an  an  
e ffo r t  to  e x te n d  th e  s tu d y  to  a so-called p re sen t, w hich is past by th e  lim e 
th e  s tu d y  is p u b lish ed .

T h e  m o d el o f  system  fo rm a tio n  a n d  g row th  used  as th e  m o d e  o f  o rg a n 
ization  fo r  th is s tu d y  allow ed th e  a u th o r  to  dev e lo p  an d  co o rd in a te  a n u m 
b e r  o f  su b th em es . T h e se  m ay p rove  re lev an t n o t only to  th e  h istory  o f  
p o w er system s b u t to  h isto ry  focused  on  technology  generally . T h e  sub- 
th em es w ere  in m ost in stances re la ted  to  q uestions o ften  asked  ab o u t tech 
nological system s a n d  ab o u t th e  h isto ry  o f  techno logy  in g en era l. F or in 
stance , th e  n a tu re  o f  th e  inventive act was ex p lo red  u n d e r  th e  ru b ric  o f  
in v en tio n  a n d  d e v e lo p m e n t. O f  special in te re st in this re g a rd  was th e  c rea 
tivity o f  T h o m a s  E d ison— th e  m otivations, m ethods, a n d  sociological c ir
cu m stan ces p e r ta in in g  to  his in v en tio n  o f  a system . Also im p o rtan t w ere 
th e  c o n tr ib u tio n s  m ad e  by E d iso n ’s co-w orkers. Edison  was seen  inven ting  
by ana logy  a n d  o rg an iz in g  his co -w orkers an d  his labo ra to ry  facilities as a 
m ir ro r  im age  o f  th e  system  b e in g  inven ted . T h e  tech n o lo g y -tran sfer stage 
o f  th e  h is to ry  ra ised  qu estio n s ab o u t ad ap ta tio n . T h e  Edison d irec t-cu rren t 
system  was in v en ted  a n d  dev e lo p ed  fo r a specific a rea  o f  New York City; 
in o rd e r  fo r  it to  be tra n s fe r re d  to  o th e r  places an d  societal contex ts, such 
as L o n d o n  a n d  B erlin , ch an g es h ad  to  be m ade  in th e  system . B ecause 
fa ilu re  in techno log ical en d eav o rs  is so ra re ly  d iscussed  a n d  because it 
reveals im p o r ta n t a n d  som etim es in trac tab le  p roblem s, a tten tio n  was d i
rec ted  to  fa ilu res  re su ltin g  from  in ap p ro p ria te  technology  tran sfe r, esp e 
cially in L o n d o n .

H isto rian s  a re  now in te re s ted  in the in te rac tion  o f  technology  an d  pol
itics. In  th is s tu d y  th e  in te rac tio n  was e x p lo red  in the  con tex t o f  th re e  m ajo r 
W este rn  in d u s tria l cities. In  C hicago, technology  dom in a ted  politics; in 
L o n d o n , th e  rev e rse  was tru e ; a n d  in p re—W orld W ar I Berlin  th e re  was
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co o rd in a tio n  o f  political a n d  techno log ica l pow er. T h e  rev e rse  s a lie n t-  
critical p ro b le m s analysis o f  tech n o lo g ica l ch a n g e  p ro v id e d  an  o p p o r tu n ity  
to  d iscuss th e  m ech an ism , o r  in te rn a l d y n am ic , o f  techno log ica l ev o lu tion . 
T h e  n a tu re  o f  th e  re so lu tio n  o f  th e  con flic t th a t d ev e lo p ed  in th e  1890s 
b e tw een  tech n o lo g ica l sy stem s p e rm itte d  ex p lo ra tio n  o f  th e  a r t  o f  co m 
p ro m ise  a n d  n o n v io le n t ch a n g e . T h e  con flic t a lso revea led  th a t technical 
p ro b lem s a re  so m e tim es  in e ssence  in s titu tio n a l a n d  va lue  conflic ts. A n 
o th e r  s u b th e m e  a rtic u la te d  w ith in  th e  c o n te x t o f  th e  o v e ra rc h in g  m odel 
was te c h n o lo g y  as an  im p ro v e r  on  n a tu ra l c ircu m stan ces. N a tu ra l re so u rces  
in th e  S ie rra s  o f  C a lifo rn ia  w ere  seen  b e in g  tra n s fo rm e d  in to  econom ic  
g o o d s  by e n g in e e rs  a n d  e n tr e p re n e u r s  u sin g  h ig h -vo ltage  transm ission .

O n e  q u e s tio n — Is te c h n o lo g y  au to n o m o u s? — was th e  th e m e  o f  C h a p te r  
X I, ‘‘W ar a n d  A c q u ire d  C h a ra c te r is tic s ,” b u t it was e x p lo re d  th ro u g h o u t 
th e  s tu d y . T o  d ra w  to g e th e r  th e  vario u s th re a d s  a n d  to  e x p lo re  a n d  p ro p o se  
at least a p a r tia l  a n sw e r  to  th e  q u es tio n  o f  a u to n o m y , we m u st co n s id e r  the  
in te rn a l te ch n ica l fo rces th a t fac ilita ted  g ro w th  as well as th e  ex te rn a l, 
n o n te c h n ic a l,  c u ltu ra l  fo rces th a t h e lp e d  s h a p e  th e  e lec tric  su p p ly  system s. 
T h r o u g h o u t  th is  s tu d y  it has b een  necessary  to  reach  o u t b ey o n d  th e  tech 
no logy , o u ts id e  th e  h is to ry  o f  techn ica l th in g s , to  e x p la in  th e  style o f  th e  
va rio u s  system s, so obviously  th e  techno log ica l system s w ere  n o t sim plis- 
tically a u to n o m o u s , o r  f re e  o f  th e  in f lu e n c e  o f  n o n tech n ica l facto rs. T h e  
ev o lv in g  p o w e r system s w ere  n o t, m e tap h o rica lly  sp eak in g , d riv e rle ss  ve
h icles c a r ry in g  society  to  d e s tin a tio n s  u n k n o w n  a n d  p e rh a p s  u n d e s ire d . 
T h e  system s d id , h o w ev er, have  an  in te rn a l d r iv e  a n d  an  in c rea s in g  m o
m e n tu m . T h e  c o n tin u o u s  e m e rg e n c e  o f  re v e rse  sa lien ts  a n d  th e  o n g o in g  
so lu tio n  o f  critical p ro b le m s by in v en to rs , en g in e e rs , a n d  e n tr e p re n e u r s  
p ro v id e d  th is. T h e  e x te rn a l,  cu ltu ra l  fac to rs  th a t gave c o n tro l a n d  d irec tio n  
w ere  system atica lly  su m m a riz e d  in C h a p te r  X IV . T h e  style o f  each  system  
was fo u n d  to  be b ased  on  e n tr e p re n e u r ia l  d r iv e  a n d  dec isions, econom ic  
p rin c ip le s , leg isla tive  c o n s tra in ts  o r  s u p p o r ts ,  in s titu tio n a l s tru c tu re s , h is
to rica l co n tin g en c ie s , a n d  g e o g ra p h ic a l fac to rs , b o th  h u m a n  a n d  n a tu ra l.  
All b u t th e  n a tu ra l g e o g ra p h ic a l fac to rs  involved  th e  ac tions o f  society, 
w hich  w ere  so m e tim es  p u rp o se fu l, som e tim es in a d v e rte n t.

T h e  c u ltu ra l  fo rces  in flu e n c in g  th e  system s s te m m e d  fro m  th e  societies 
w ith in  w hich  th e  system s grew . T h e s e  societies w ere  o f  vario u s k inds ac
c o rd in g  to  tim e  a n d  place. T h e  ea rly  system s w ere  sub jec t m ostly  to  u rb a n  
in flu en ces. In  th e  1920s th e  in flu en ces  s te m m e d  fro m  reg io n a l c ircu m 
stances a n d  th e  social o rg a n iz a tio n s  assoc ia ted  w ith th e m — fo r in stance , 
s la tes  in th e  U n ite d  S ta les , c o u n tie s  in E n g lan d , a n d  p ro v in ces  in G erm an y . 
As was ex p la in e d  in C h a p te r  X II I ,  th e  c u ltu ra l fo rces v aried  f ro m  society 
to  society, b u t th e re  w ere  also fo rces th a t t ra n sc e n d e d  local o r  reg io n a l 
ch a rac te ris tic s . T h e s e  w ere  m ostly  eco n o m ic  in n a tu re .  T h e se  econom ic  
fo rces  in tu rn  m a n ife s te d  th e  values th a t tra n sc e n d e d  lim e a n d  place a n d  
p e r ta in e d  to  W este rn  society, o r  at least to  th e  U n ited  S lates, G e rm an y , 
an d  E n g lan d . T h e  values w ere  th o se  o f  a cost-acco u n tin g , cap ita listic  civ
ilization.

I f  a w o u ld -b e  D arw in  o r  th e  techno log ica l w orld  is lo o k in g  fo r  laws 
an a lo g o u s  to  th e  e n v iro n m e n ta l fo rces  th a t o p e ra te  in th e  w orld  o f  n a tu ra l 
se lec tion , th e  eco n o m ic  p rin c ip le s  o f  load  fac to r a n d  econom ic  m ix a re  
likely c an d id a te s . In  th e  h is to ry  o f  su p p ly  system s, th ese  em b o d ied  th e
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values o f  a c u ltu re  th a t was cap ita listic , a c u ltu re  w here  in te re st on  cap ita l 
was ca lcu la ted  to  asce rta in  th e  cost o f  goods an d  services. B ecause electric 
po w er system s w ere  cap ita l in tensive, in te re st was o f  p a ra m o u n t im p o r
tance . T h e  cost o f  cap ita l was calcu lated  by th e  u tilities o p e ra tin g  electric  
po w er system s irre sp ec tiv e  o f  th e  fo rm  o f  ow n ersh ip — priva te , public, o r 
m ixed  p riv a te  a n d  public. In  a cu ltu re  th a t d id  n o t calcu late  cap ita l cost— 
th e  m ed ieval W este rn  civilization fo r in stance— electric  ligh t a n d  pow er 
system s w ould  h ave  g row n  d iffe ren tly .

O w n ers  a n d  m a n a g e rs  o f  u tilities, u n like  th e  ow ners  an d  m an ag e rs  o f 
ra ilro ad s , steel m ills, a u to m o b ile  factories, a n d  m any  o th e r  large-scale  tech 
nological e n te rp r is e s , w ere n o t d iv e r ted  by h arassin g  lab o r p ro b lem s from  
a close analysis o f, a n d  em p h asis  o n , cap ita l cost. In  th e  sou rces  p e r ta in in g  
to  th e  p ro b lem s o f  th e  elec tric  po w er system s, ra re ly  was m o re  th an  a 
passing  re fe re n c e  to  lab o r costs e n c o u n te re d . In s tead , th e  em phasis  was 
on  load  fac to r. L oad  fac to r s tru c tu re d  th e  d ec is ion -m ak ing  en v iro n m en t. 
P robab ly  fo r  th is reason  th e  u tility  e n g in ee rs  a n d  m an ag e rs  w ere th e  first 
to  clearly  a r tic u la te  a n d  th o ro u g h ly  exp lo it th e  im plications o f  load factor. 
T h e  ra ilro a d s  h a d  a lo ad -fac to r p ro b lem  in th e ir  n eed  to  utilize rolling  
slock  m o re  fully , b u t load  fac to r was a co n cep t a rticu la ted  by th e  e lectric 
po w er u tilities.

H ow  d id  close a tte n tio n  to  load  fac to r cause system  g row th?  T h e  essence 
o f  th e  an sw er is d iversity , th e  d iversity  o f  h u m a n  g eo g rap h y , w hich is o ften  
a c o rre la te  o f  th e  size o f  an  a rea . As th is stu d y  has show n, utility  m anagers  
like In su ll stro v e  in a p u rp o se fu l way to  e x p a n d  th e  te rr ito ry  o f  th e ir  
utilities. T h e  ob jective was n o t sim ply  size, as c ru d e  exp lan a tio n s fo r the 
la rge  scale o f  m o d e rn  tech no logy  a n d  business insist, bu t expansion  to 
en co m p ass th e  d iversity  o f  loads th a t b ro u g h t a fu lle r round-the-c lock  
u tilization  o f  g e n e ra tin g  e q u ip m e n t. A utility  m an ag e r  w ith a peak  load 
cau sed  by ru s h -h o u r  use  o f  e lec trified  s tree tca rs  soon  lea rn ed  th a t it was 
no t in  his in te re s t sim ply  to  ex p a n d  th e  trac tion  load. In stead , th e  utility 
reach ed  o u t like a t re e  in a d a rk  fo rest s tre tch in g  its limbs in to  the  susta in ing  
su n lig h t. W h en  su s ten an ce  fo r  th e  lo ad -h u n g ry  utility with a trac tion  peak 
was th e  n ig h t-sh ift o p e ra tio n  o f  a chem ical p lan t, th e  system ’s d is tribu tion  
lines reach ed  o u t in th a t d irec tio n . System  b u ilders  knew  th a t th e  d iversity  
o f  load  th a t allow ed load m an ag em en t, a re su ltin g  im provem en t in load 
fac to r, a n d  a lo w erin g  o f  u n it  cap ita l cost was likely to  be fo u n d  in a large 
g e o g rap h ica l a re a  w h e re  th e  p o p u la tio n  eng ag ed  in a w ide variety  ol e n 
e rg y -co n su m in g  activities. T h is  stu d y  has m ad e  this c lear in a n u m b e r  o f  
instances.

E conom ic m ix also e n h a n c e d  system  expansion . T h is  was e x p la ined  using 
exam p le s  like th e  sp re a d  o f  th e  h igh-voltage transm ission  lines o f  RWE, 
th e  R u h r-b ased  utility , in to  th e  lign ite  fields a ro u n d  C ologne a n d  th e  w ater
po w er reg io n s o f  th e  A lps. Pow er p lan ts in these d iverse  reg ions com ple
m en ted  each  o th e r  econom ically . A gain, expansion  was not sim ply an  ag 
gressive d riv e  fo r u n d iffe re n tia te d  size; it was a pu rp o se fu l m ove to  lower 
th e  cost o f  e n e rg y . W hereas  lo ad -fac to r considera tions led utilities to  exploit 
th e  d iversity  o f  h u m a n  g eo g rap h y , econom ic mix d ictated  expansion  to 
ex p lo it th e  d iversity  o f  n a tu ra l geog rap h y . The im peratives o l fuel econom y 
an d  load fac to r o f te n  in te rac ted  because load d iversity  was e n c o u n te red  
alo n g  th e  transm ission  lines e x te n d in g  to new sources ol energy .
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T h e  d ec is io n s th a t w e re  m a d e  to  im p ro v e  load  fac to r a n d  econom ic  m ix 
sh a p e d  th e  g ro w in g  e lec tric  su p p ly  system s in th e ir  cost-acco u n tin g  settings. 
O n ly  ra re ly  w e re  th e se  p r in c ip le s  v io la ted , e ith e r  by p riv a te  u n d e rta k in g s  
o r  g o v e rn m e n t-o w n e d  utilities. L o n d o n  was a salien t ex cep tio n . L o n d o n ’s 
local g o v e rn m e n t a n d  th e  fo rces  it r e p re s e n te d  w ere successfu l in c o n ta in 
in g  e lec tric  u tilities  w ith in  th e  b o u n d a rie s  o f  lo c a l-g o v e rn m en l ju r isd ic tio n  
a n d  th e re b y  re s tr ic te d  th e m  to  sm all-scale  te ch n o lo g y  a n d  lim ited  d iversity . 
T h is  was th e  p rice , lite ra lly  a n d  f ig u ra tive ly , th a t L o n d o n e rs  p a id  fo r p lac
ing  a h ig h e r  va lue  o n  th e  tra d itio n a l p o w er o f  local g o v e rn m e n t th a n  on  
th e  low er cost o f  e lec tric  po w er.

T h e  m a n a g e rs , e n g in e e rs , a n d  o w n ers  w ho a p p lie d  th e  p rin c ip le s  o f  load 
fa c to r  a n d  e co n o m ic  m ix w ere  also  m o tiv a ted  by th e  conv iction  th a t each 
c u s to m e r  sh o u ld  a t least pay  th e  cost o f  th e  e lectric ity  d e liv e red . T h e  m e th 
o d s  o f  ca lc u la tin g  th is  cost w ere  co m p lex , b u t w ith r a re  ex cep tio n  the 
v a r ia tio n s  in p r ic e  fo r  p e a k  load  a n d  low load , as well as fo r sm all a n d  large 
c u s to m e rs , w ere  n o t in te n d e d  to  subsid ize. W h en  G iffo rd  P in ch o t and  
M o rris  C o o k e  a rg u e d  th a t th e  sm all ru ra l  c o n su m e r  sh o u ld  be subsid ized , 
th e  p r iv a te  u tilities  ob jec ted . S uch  a policy was c o n s id e re d  by th em  to be 
a  m a tte r  o f  social re fo rm , n o t th e  business  o f  p r iv a te  e n te rp r is e . O sk a r  von 
M ille r in  B avaria  ad v o ca ted  su p p ly in g  all o f  th e  p eo p le  w ith th e  benefits 
o f  e lec tric ity , n o t on ly  th o se  w ho w ere  ab le  to  pay. G en e ra lly , how ever, 
b e fo re  1930, su p p ly  was lim ited  to  th o se  w ho  c o u ld  a f fo rd  to  pay. T h e  
o w n e rs  a n d  m a n a g e rs  o f  utilities, w h e th e r  g o v e rn m e n t o r  p riv a te , usually 
v iew ed a n y  o th e r  policy as u n eco n o m ica l a n d  ir ra tio n a l.

As a re su lt  o f  th e  e m p h a s is  o n  eco n o m ic  fac to rs , dec is ion  m a k in g  in th e  
utility  in d u s try  was relatively  s tra ig h tfo rw a rd  c o m p a re d  to  w hat it w ould  
h av e  b een  if  e n g in e e rs  a n d  m a n a g e rs  h ad  felt o b lig ed — o r  in d e e d  h a d  been  
o b lig a te d — to  fu lfill social n e e d s  d e sp ite  costs. In  th e  fifty -y ear h is to ry  o f 
e lec tric  p o w e r system s c o n s id e re d  h e re , in f lu e n tia l voices d id  n o t call fo r 
th e  c ro ss-su b sid ized  su p p ly  o f  ligh t to  h o sp ita ls , p riso n s , a n d  o th e r  public- 
w e lfa re  in s titu tio n s ; th e  a rg u m e n t  was no t m a d e  th a t th e  s tre e ts  a n d  h ouses  
o f  th e  s lu m s sh o u ld  be  lit f irst b ecause  lig h tin g  w ou ld  have a m o re  d ra m a tic  
im p ac t o n  th e  q u a lity  o f  life th e re ; a n d  d e m a n d s  th a t e lec tric ity  be used  
firs t in  w o rk p laces  w h e re  th e  physical b u rd e n s  w ere  heavy  w ere  n o t e x 
p re ssed . I f  th e se  social values h a d  b een  s tre ssed , th e  d e c is io n -m ak in g  p ro c 
ess w o u ld  h av e  b een  m o re  c o m p lex  a n d  e lec tric  p o w er system s w ou ld  have 
d e v e lo p e d  d if f e r e n t  sh ap es. In  essence , th e  m a p  o f  su p p ly  w ou ld  n o t have 
b een  a m a p  o f  tran sm iss io n  a n d  d is tr ib u tio n  to  in d u s try , trac tio n , a n d  th e  
eco n o m ic  classes ab le  to  pay  fo r  lu x u ry  ligh ting . E lectric  p o w er system s 
b e fo re  1930 w ere  m ostly  a r tifac ts  th a t m an ife s ted  cu ltu re .

In  th e  d e c a d e  a l te r  1930, in te re s t in in tro d u c in g  a m o re  co m p lex  set o f  
values in to  th e  d e s ig n  o f  e lec tric  p o w er system s in c reased . In  th e  U n ited  
S ta tes, p la n n e rs  o f  th e  T e n n e sse e  V alley A u th o rity  s tre ssed  th a t th e  T V A  
system  w ou ld  n o t s im p ly  su p p ly  e lec tric  po w er; it w ould  also  e n d e a v o r  to 
m ee t su ch  social ob jectives as p ro v id in g  lab o r-sav in g  a p p lian ces  fo r  a d e 
p re ssed  ru ra l p o p u la tio n  a n d  m ak in g  th e  rivers  o f  an  econom ically  back 
w ard  reg io n  nav igab le . O th e r  social objectives in c lu d ed  soil rec lam a tio n  
th ro u g h  th e  m a n u fa c tu re  o f  fe rtilize rs  (u sin g  ch e a p  electric ity ) a n d  th e  
p re v e n tio n  o f  soil e ro s io n  th ro u g h  th e  co n tro l o f  flood  w aters  a n d  ru n o ff . 
In  E n g la n d , fo llow ing  th e  es tab lish m en t o f  th e  N a tiona l G rid , th e re  was
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in creased  em p h asis  on  su p p ly in g  th e  n eeds o f  th e  less a ff lu en t classes by 
m eans of, fo r  ex am p le , th e  w id esp read  sale a n d  use o f  e lectric  hea te rs . As 
a m a tte r  o f  fact, by m eans o f  aggressive sales a n d  favo rab le  p ric ing , e lectric 
h e a tin g  was cu ltiv a ted  to  such  an  ex te n t th a t th e  sy stem ’s load cu rves w ere 
g rea tly  d is to r ted .

Econom ics was n o t an  ab so lu te  d e te rm in a n t o f  th e  g row th  a n d  sh a p e  of 
e lec tric  p o w er system s b e fo re  1930, ap p lica tion  o f  th e  p rinc ip les  o f  load 
fac to r, e conom ic  m ix, a n d  p ric in g  on  th e  basis o f  cost no tw ith stan d in g . 
T h e re  w ere excep tio n s, as has been  n o ted . Also, th e re  w ere in n u m erab le  
v aria tio n s in th e  way in w hich econom ic  p rin c ip les  w ere ap p lied . T h e re fo re ,  
th e  econom ic  fac to r sh o u ld  be c o n s id e red  de te rm in is tic  ra th e r  th an  d e te r 
m in in g , a n d  th e  re su lt a so ft d e te rm in ism . D u rin g  th e  ha lf-cen tu ry  of 
h is to ry  co n s id e re d  h e re , th e  soft d e te rm in ism  o f  econom ics was re in fo rced  
by a n o th e r  d e te rm in is tic  in flu en ce . As th e  p o w er system s g rew  in size, they 
g a th e re d  m o m e n tu m . As was p o in ted  o u t in a n u m b e r o f  sections o f  this 
study , p o w er system s e n co m p assed  a technical co re  o f  c o m p o n en ts  as well 
as in s titu tio n a l c o m p o n e n ts , m ost no tab ly  u tilities. O ccasionally , reg u la to ry  
an d  law -m ak ing  bod ies  w ere subject to  th e  co n tro l o f  th e  system  b u ilders  
an d  m a n a g e rs  a n d  th u s  becam e p a r t  o f  th e  system . In  ad d itio n , electrical 
m a n u fa c tu r in g  e n te rp r is e s  w ere system atically  re la ted  to  th e  utilities. Even 
educational institu tions w ere coo rd inated . Such encom passing systems should 
be labe led  soc io techn ica l system s ra th e r  th an  technological system s. T h ese  
socio technical system s h ad  h ig h  m o m en tu m , force, and  d irec tio n  because 
o f  th e ir  in stitu tio n a lly  s tru c tu re d  n a tu re , heavy capita l investm ents, su p 
po rtiv e  leg isla tion , a n d  th e  c o m m itm e n t o f  know -how  an d  ex p erien ce . T h is  
m o m e n tu m  was a co n serva tive  fo rce  reac tin g  aga inst a b ru p t changes in the  
line o f  d e v e lo p m e n t. B ecause o f  th e  conserva tive  m o m en tu m , rarely  were 
radical inventions, technical o r  social, in troduced . Radical innovations would 
have ch a n g e d  th e  ra te  a n d  d irec tio n  o f  grow th . A fte r “th e  battle  o f  the  
c u r re n ts ,” th e  system  b u ild e rs ’ e ffo r ts  w ere usually  d irec ted  to  increasing  
th e  size o f  system s increm en ta lly , b u t n o t to  c h an g in g  th e ir  d irec tion  to 
fulfill rad ically  d if fe re n t econom ic  o r  social goals.

In  sum , it is d ifficu lt to  ch an g e  th e  d irec tio n  o f  la rge  electric pow er 
system s— a n d  p e rh a p s  th a t o f  la rg e  socio technical system s in g en e ra l— but 
such  system s a re  no t au to n o m o u s . T h o se  w ho seek to  con tro l a n d  d irect 
th em  m u st ackn o w led g e  th e  fact th a t system s a re  evolving cu ltu ra l a rtifacts 
r a th e r  th a n  iso lated  techno log ies. As cu ltu ra l a rtifacts, they  reflect th e  past 
as well as th e  p re se n t. A tte m p tin g  to  re fo rm  technology  w ithout system 
atically tak in g  in to  acco u n t th e  sh ap in g  con tex t a n d  th e  intricacies o f  in 
te rn a l d ynam ics m ay well be  fu tile . I f  only th e  technical co m p o n en ts  ol a 
system  a re  c h a n g e d , they  m ay sn a p  back in to  th e ir  e a rlie r sh ap e  like ch arg ed  
partic les in a s tro n g  e lec tro m ag n e tic  field . T h e  field also m ust be a tten d ed  
to; values m ay n eed  to  be ch an g ed , in stitu tions re fo rm ed , o r  legislation 
recast.
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transmission and distribution problems, 
86-87; transform er of, 87-91 

G ebruder Sulzbach, 67 
General Electric Co., 163, 268, 395; ana

log power systems of, 376; acquires 
Bradley patents and facilities, 121; and 
critical problems. 161; and Electrical Se
curities Co. o f New York, 396; form a
tion of, 126; holding company of, 392; 
and Niagara pow er station, 139; in 
panic o f  1893, 386-87; patent agree
ment of. 126, 168-69; patent strategies 
of, 166; research laboratories of, 164- 
66, 168-71, 379-80; and Charles Stcin- 
metz, 163-64 

G enerating plants, isolated, 223, 229 
G enerator: Bradley, 118; Edison experi

mental, 37-38: Edison type-H, 70; Has- 
elwander. 118; Jum bo, 55, 73; slow- 
speed G erm an. 81, 82; Tesla. 117 

G erdicn, Hans, 172
G erm an General Electric. See Allgemeine 

Electrizitats-Gescllschafi (AEG)
Germ an grid, 314-15, 317-18 
Gcscllschaft fu r elektrische U nterneh- 

m ungen Ludwig Lowe. AG, 317 
Giant Power, 297-300, 305-9, 313; legis

lative history of, 310-12; plan for, 303- 
4; and PP&L, 442 

Giant Power Board, 301-3 
Gibbs, John  D. See Gaulard, Lucien 
Goldenberg, B ernhard, 413. 420 
G oldcnbergwerk, 408, 413-14, 423 
Golpa-Zschorncwiiz power station, 288- 

89, 295, 427 
Gompcrs, Samuel, 301 
G ordon. T. E. H.. 58. 92. 235 
G ouraud, George, as Edison representa

tive. 48-50 
Government ownership. See Utilities, gov

ernm ent ownership of 
Gramme, Zcnobe T heophile, 87

Grashof, Franz, and engineering curricula 
in Germany, 143 

G reater London and Counties Trust 
(GLCT), 402 

Great W estern Power Co.. 279, 280 
G reen, Norvin, 172
Grid (power pool), 325, 334, 353. See also 

Bayernwerk; British Grid; German 
grid; Giant Power; Pennsylvania-New 
Jersey Interconnection (PNJ); Super
power 

Gridlcy, A rnold, 291 
Griffin, Stockton, 23 
Grosskrafiwcrk Franken AG. 348 
Grosvenor Gallery central station. 97. 244

Habcr-Bosch process, 287 
Haid, D. A., 23 
Haldane, Lord, 290, 319 
H aldane-M erz Report, 319-20, 321 
Halsey 8c Co.. 276 
H am burger Eleklricilatswcrke, 183 
Ham m er, William J., 23, 52; and conflict 

with Emil Rathenau, 73-74; joins Rath- 
enau, 69; as liaison between Rathenau 
and Edison, 70 

Harris, Forbes 8c Co.. 328 
H arrison Street central station, 208, 214 
Harwood Electric Co., 436-37, 439. See 

also Harwood Electric Power Co. 
Harwood Electric Power Co., 435 
Harwood station, 440 
Haselwander, Friedrich August, 118, 121 
Hauto station, 440 
Hazen, H arold, 376
Hazleton Electric Light 8c Power Co.. 436 
Hefner-Alteneck, Friedrich von, 81 
Helios. 82
Helmholtz, H erm ann von, 178 
Henke, E.. 421
Herdecke. See Koepchenwerk 
H ering, Carl, 173
Herschell, Lord Farrer, ruling of. on 

G aulard 8c Gibbs vs. Lindsay 8c Fer
ranti, 92-93 

Hick, Hargreaves 8c Co., Ltd.. 242 
Highficld 8c Roger Smith. 356 
High-voltage research: F. W. Peek.Jr.'s, 

380-84: H arris J. Ryan's. 158-60; 
Charles F. Scott’s and Ralph Mcrshon's. 
161-63: Charles Stcinmetz's, 171. See 
also Research laboratory, high-voltage 
experimentation in 

Hippie, James. 71
H. M. Byllcsby 8c Co., 393 
Hobson, Harold, 354 
Hoffmann, Karl, 81 
Holborn Viaduct central station, 54-57 
Holding company, 226. 390-95. 401. 

402-3, 439. See also Electric Bond 8c 
Share Co.; Stone 8c Webster Co.;
United Corp.

Hopkinson, John. 146, 246; analyzes cost 
o f Holborn Viaduct station. 57: invents 
three-wire system, 84
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I louston. Edwin J .. 173 
H ubbard. Preston J., 294 
Huber-W crdtm illcr. l‘. E., 131 
1 liinlingdnn, Harry E., 281 
llvdroclcctric power. 264: in California, 

265-68, 278-80, 281, 284: in southeast
ern United States, 265. See also Cono- 
wingo project: K oepchcnwerk; Niagara 
Falls power station: V orarlberg, Aus
tria: W alchcnsecwcrk: W allenpaupack 

I Ivdro-Elcttrir Power Cnmniission o f O n
tario. 265

I. G. Farben Co.. 306 
Illinois Public Utility Commission, 207 
Illinois Public Utility Inform ation Com 

mittee. 207 
Imperial College of Science and T echnol

ogy, 144 
Impulse generators. 381, 382-83 
Incorporated Association o f  Electric 

Power Com panies, 290 
Incorporated Municipal Electrical Assoc., 

290
Industrialization, and electrification. 175, 

176-77, 201-2. 223. 224-25, 231. 250- 
51

Industrial revolution. 175 
Information, and control, 368, 373-75 
Institution of Electrical Engineers (IEE), 

174. 233. 234, 291 
Insulation, high-voltage, 375 
Insull, Samuel, 250: as adviser to Weir 

Com mittee, 353; assesses London power 
system, 228; bankruptcy of, 203—4; on 
BEW, 182; and CEB, 355; and Chicago 
Edison. 202; and Com monwealth Edi
son Co., 201-12; concepts of. 216-20; 
and Edison, 203; holding companies of. 
226, 392. 393; on m anagem ent of 
power load, 217-21: and Charles Mcrz, 
452-53: and Middle West Utilities Co., 
395; politics of. 204-7; and Stale C oun
cil o f  Defense, 207; and steam turbines, 
209-12: and substation concept, 208; as 
systems conceptualizes 216-17, 225-26; 
testimony of. before London County 
Council. 223; and traction load, 222-23 

Interconnection (Verbundbetrieb), 418-20 
International electrical exhibitions: Chi

cago (1893), 122. 125.208; Frankfort 
on the Main (1891), 129-35, 247; Lon
don (1882), 52-53; Munich (1882), 335; 
Paris (1881), 66. 335 

Invention and developm ent, 20-22. 461; 
collaborative, 23. 25-28; simultaneity 
of. 109-1 I. See also Dolivo-Dobrowolsky, 
M.; Edison, Thom as A.; Fcrraris. Gali
leo; G aulard, Lucicn; Hopkinson. John; 
Stanley, William; Tesla, Nikola 

Inventor-cntrcpreneurs, 18-19 
I. P. Morris Co., 268

jablochkoff. Paul, 87. 92
lackson. Dugald C„ 146. 148. 149: as con

sultant to Philadelphia Electric Co., 300; 
publications of, 157 

Jacob Landau, 67
Jchl, Francis, on T hom as Edison and 

Francis U pton, 25-26  
Johnson , Edward l-L, 23; as Edison's rep 

resentative in London, 52, 84; and Elec
tric L ighting Act o f 1882, 60 

joint Com mittee on Rural Electrification, 
443

Jo u le ’s law, in Edison’s work, 34—37 
Journals, professional, 157-58, 173-74, 

374-75
J. P. M organ Sc Co., and United Corp., 

400

Kansas Gas 8c Electric Co., 398 
Kapp, Gisbert, 145, 149-50 
Kelly, John  F.. 274
Kelvin, Lord (William Thom son), 451 
K ennedy. A. B. W„ 234 
Kennedy, J. M.. 351 
Kennedy Sc D onkin, 356 
Kennelly. A rthu r E., 173, 312; electrocu

tion experim ents of, 108; testimony of, 
on G iant Power bill, 310-11 

Kitson. Sir Jam es, 230, 447 
Kittler, Erasmus. 145. 148-49, 155-56 
K lingenberg, Georg. 182, 197-98, 199,

257. 288; assesses London electric sup
ply system. 228-29 

K napsack, 288. See also Goldenbergwerk 
Kocpchen, A rthur, 408; as m anager o f 

RWE, 420-21; and rationalization, 418, 
419

Koepchenw erk, 421-23 
Kraftw erke A ltw urttem berg AG, 424 
Kreusi, Jo h n , 23 
K rupp  Co.. 409

Labor, in capital-intensive technology,
417-18

Laboratory research. See Research labora
tory

Labour party (U.K), 351, 352 
Lalimcycr, Wilhelm. 82, 121 
Lammc, Benjamin, 139 
Lamp, incandescent, 82-83, 193-95; Edi

son, 32-37; N crnst, 166; tantalum , 168; 
tungsten and molybdenum . 168; Wels- 
bach, 168-69 

Lancashire Power Co., 323 
Lancaster Electric Light. I leal Sc Power 

Co.. 434 
l.anc-Fox, St. George, 62 
L angm uir, Irving, 168 
Laval. Carl G. P. de. 195 
Lawson, Jo h n , 23 
Lazards Bank. 402
l.cch-Elcklrizitaiswcrke AG. 424 
Lee, lligginson Sc Co.. 389 
Leeds Sc N o rlhrup , 374 
Legislation, regulatory: in Berlin, 72. 176, 

184-86, 187-89; in Britain, 58-59, BO- 
61. 63. 64. 66. 87-88, 96, 230, 447-18: 
in Chicago. 206. 208; in London. 230.

238. 241-12, 248-49, 256-57, 260; in 
New York Slate and Virginia, 108 

Lehigh Coal Sc Navigation Co.. 436 
Lehigh Navigation Electric Co.. 436-39 
Lehigh Power Securities Corp., 439-4 I 
Lehigh valley. Pennsylvania, 429 
Lehigh Valley Light Sc Power Co.. 435, 

438-39 
Lighting, 174
Lincoln, Paul M., testimony of. on Giant 

Power bill. 310, 311 
Lindsay, Sir Coutis. 239-40 
Livermore, H oratio  Gates, 269 
Livermore, H oratio  P., 270 
Lloyd George, David. 251, 254 
Load: diversity of, 217-18, 333, 369, 441 

463; power and light, in Berlin, 73; —, 
in Chicago, 225-26; — , in London. 
231-32

Load dispatching. 214-15, 332, 372, 423 
Load factor, 218-21, 353, 369, 406. 410, 

418-19, 421-22 , 440, 444, 462-63 
Local G overnm ent Act o f  1888 (U.K.). 

229
London, E ngland: characteristics of, 227- 

30, 231; com pared with Chicago and 
Berlin, 257-61; developm ent o f electric 
supply in, 227-28, 233. 255-61; efforts 
to in troduce large-area supply in, 233; 
—, by S. Z. de  Ferranti, 237-47; —. by 
Charles Merz. 249-54; —, through  the 
G rid. 359-60 

London Associated Electricity U ndertak
ings, 360

London City and  Guilds Central T echni
cal College, 154. See also Central T ech
nical College 

London County Council (LCC). 228, 236- 
37. 248, 253-54, 256; bill o f  254-55 

London Electric Supply Corp., 64. 238. 
240-42

London International Electric Exhibition 
(Crystal Palace) (1882). 52-53 

London Power Co., 360 
Los Angeles. California, aqueduct system 

of. 281
Los Angeles W ater and Power Bureau, 

311
Lowrcy. G rosvenor P.: as business adviset 

to Edison, 29-31, 38; promotes Edison 
enterprises abroad, 47-50 

Lubbock, John , 54

MacLaren, Malcolm, 331 
McLellan, William: and Charles Merz, 

450, 451-52; and interconnection of 
utilities, 291; in W orld War I, 290 

Mainkraftwerke AG. 424 
Malden Electric Co., 292 
Management services, 388-89. 397 
Manchester Corp.. 444 
M anchester Square station. 236 
M anufacturers, electrical. 38-40, 177,

178-79, 232-33, 433. See also names of 
companies 

M arindin. F. A.. 238
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Marindin Committee, 238, 241-42, 247 
M arkgrafenstrasse central station, 73, 186 
Martin, John , 270-71, 272-74, 276 
Maschinenfabrik Oerlikon, 131; in Frank

fort exhibition, 133 
Massachusetts Electrical Engineering Co. 

of Boston, 386. See also Stone 8c Webs
ter Co.

Massachusetts Institute o f T echnology 
(M.I.T.). 144, 145—46, 155-57; electrical 
engineering at, 151-53; network ana
lyzer of. 376-77 

Materials handling, 43, 413, 415-16 
Mather, T „  154
Mauerstrasse central station, 73, 183 
Maxim, Hiram, 100 
Mayer, Wilhelm, 313, 314 
Menlo Park laboratory, 23-25. See also 

Edison, Thom as Alva 
Merger: o f m anufacturers, 163-64; of 

utilities, 276, 430, 431, 440 
Mershon, Ralph, 161-63 
Merz. Charles H.. 237, 249-50, 449-51; 

assesses London electric supply system, 
228; and British Grid, 350, 352-53,
355; in conflict with John  Snell, 357; as 
expert parliam entary witness, 453; and 
William McLellan, 451-52; and 
NESCO. 448: and politics, 204-5; and 
power bill, 251-56; and regional char
acter o f technology, 454; and reorgani
zation o f electric supply, 319-20; and 
standard cycles, 129; on technological 
style, 405; in W orld War I, 290 

Merz, John  T heodore . 248, 249, 250, 
448-49, 451; influence of, on son, 455 

Merz & McLellan. 249, 256, 356, 357,
452; as consulting engineering firm,
385, 386; and the Grid, 458-59; and 
NESCO. 449; and turbines, 453-54 

Metropolitan Supply Co.. 235, 360 
Middle West Utilities Co.. 204, 392. 402 
Miesbach, Germany, 335 
Miller. O skar von, 264, 334-37, 464: as 

consulting engineer, 385, 386; at Frank
fort exhibition, 131; and interconnec
tion o f utilities, 317; at Paris exhibition, 
51, 66; and Emil Rathenau, 67; report 
of. on German electric supply, 315. See 
also Bayernwerk; Walchenseewerk 

Ministry o f Reconstruction, United King
dom. See H aldane-M erz Report 

Minshall, T . H., 251, 253 
Mitchell. S. Z., 393, 395, 396; on diversity 

principle, 399; and Lehigh Navigation 
Electric Co., 437, 439 

Mitten. Thom as E., 326-28 
Moabit power station, 195 
Momentum, technological, 15-16. 140-41 

465
Monroe, W. S., 457 
Morgan. A rthur E.. 301 
Morgan, J. P.. 387
Morrill Act o f 1862 (U.S.). and engineer

ing education, 143 
Motor: direct-current, 82; polyphase.

109-11. 455-56. See also Dolivo-Dobro- 
wolsky, M.; Industrialization, and elec
trification; Load, power and light; 
Power, stationary; Tesla, Nikola 

Munich International Electrical Exhibition 
(1882), 335 

Municipal socialism, in Britain, 59-60, 
255, 261 

M urray, William S., 296, 297 
Muscle Shoals hydroelectric plant, 287, 

293-95

Nashville Light 8c Power Co., 387 
National-Bank fur Deutschland, 67 
National City Bank o f New York, 428 
National Civic Federation, 207 
National Defense Act o f 1916 (U.S.), 287, 

293
National Electric Light Assoc. (NELA), 

174, 207 
National Power 8c Light Co., 441 
National Socialists (National Socialist G er

man W orkers' party), 315 
N eptune Bank central station, 451, 456 
Nernst, W alther, 166 
Network analyzer, 376 
Nevada City plant, 271 
Newcastle 8c District Co., 447 
Newcastle Corp., 447 
Newcastle upon T yne Electric Supply Co. 

(NESCO), 249, 290, 357, 358, 448; and 
characteristics o f region, 445-46; and 
the G rid, 458-59; and industrial power 
load, 455; organizational structure of, 
449; and politics. 447-48; technological 
style of, 404, 407 

Niagara Falls power project, 135-39 
Niagara Falls power station, 135, 137-39, 

264-65
Niagara H udson Power Corp., 400 
Noble, Sir A nthony, 250 
Norris, Henry, 154 
N orthcote, A. S., 250 
N orth Eastern Electric Supply Co. See 

Newcastle upon Tyne Electric Supply 
Co.

N orthern Central Gas Co., 439 
N orth Tees power station, 444, 457 
Northum berland County Gas 8c Electric 

Co.. 440 
N. W. H arris 8c Co.. 274

Oakland Gas Light 8c Heat Co., 276 
Oakland Transit Co., 274 
O berspree power station, 192 
O gden Gas Co. case, 206 
O hio Brass Co., 268, 375 
O hm ’s law, in Edison's work. 34-37 
Oliven, Oskar, 317-18 
Operator, 173
Operator and Electrical World, 173

Pacific Gas 8c Electric Co., 276-80. 379 
Pacific Gas 8c Electric Investment Co., 277 
Pacific Light 8c Power Co.. 281

Page. Archibald, 354, 355-56, 360-61 
Page, Charles G rafton, 86 
Pantaleoni, Guido, 102 
Pantcr, T . A., testimony of, for Giant 

Power bill, 311 
Parallel distribution. See Distribution, par

allel
Pardee, Calvin, 435
Paris International Electrical Exhibition 

(1881), 66, 335 
Parochialism: o f local authorities in Lon

don, 233-34, 248-19, 253-54: and util
ity growth, 318, 323, 324, 338 

Parsons, Charles, 319; as head o f Com
mittee on Electrical T rades after the 
War, 320; and Newcastle 8c District Co., 
447; and steam turbines, 21 1, 454 

Parsons Co., 232
Parsons Committee. See Committee on 

Electrical T rades after the War 
Passavant, Dr. H erm an, 200 
Patents, 84, 91-93, 94; Edison, 32. 67, 68. 

71, 83; Edwards and Normandy, 92; 
Gaulard and Gibbs, 91-92; Haselwan- 
der. 118; Jablochkorf, 92; Tesla, 115 

Pearl Street central station, 40-45, 81. See 
also Edison, Thom as Alva 

Peck, Charles F., and financial backing foi 
Nikola Tesla. 115 

Peek. F. W.. J r ., 380-84 
Pelton, Lester, 263 
Pelton Co.. 268
Pennsylvania Electric Association, 298,

443
Pennsylvania Lighting Co., 439, 440 
Pennsylvania-New Jersey Interconnection 

(PNJ), 325 ,331-34 . 401,440 
Pennsylvania Power 8c Light Co. (PPScL), 

326, 330, 440; compared with RWE, 
428-29; and Electric Bond 8c Share Co., 
401; and rural electrification, 442-43; 
technological style of. 404. 407 

Pennsylvania State Council o f Farm O r
ganizations, 443 

Pennsylvania W ater 8c Power Co.. 326 
Penrose. Charles, 308-9, 312 
Peoples Gas Light 8c Coke Co.. 206 
Perry. John , 150 
Peterson, W aldcmar. 348 
Petroleum, as power-plant fuel, 278 
Pfalzwerk AG. 336-37 
Philadelphia Electric Co., 299; and Con- 

owingo project, 325-31; versus Cooke, 
300-301; as PNJ dispatcher. 332. See 
also Pennsylvania-New Jersey Intercon
nection

Philadelphia Electric Power Co.. 326 
Philadelphia Rapid Transit Co., 326-28 
Physikalisch-Tcchnische Reichsansiali. 178 
Piesterilz, Germany, 288-89 
Pinchot, Gifford, 296. 301. 312. 464; and 

Conowingo project. 328; and Giant 
Power. 297-98. 301-5 

Pine Grove power station, 440 
Politics, and technology. 318-20. 352-53, 

447-48. 461
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Polyphase curren t. See Power, transm is
sion of: Systems, polyphase 

Pope, Franklin L., 104 
Power
—stationary: in Berlin, 189-92; in Chi

cago. 223, 224; in London, 231. See also 
Industrialization, and electrification 

—transmission of: a lternating-current 
(single-phase). 93-94, 95, 243-44; di
rect-current, 83, 85-86, 91, 131; poly
phase, 129-30. 131, 133-35 

Power companies: British, 230-31, 248, 
447-48. See also names of companies 

Power Securities Corp.. 323, 402-3 
Preece, William, 54, 64 
Preussische Eleklrizitats AG (Prcussene- 

lektra). 423. 427 
Prinz, H.. 348
Professionalization, 141-42. See also Socie

ties, professional 
Public Service Commission o f Pennsylva

nia. 300; and Giant Power. 302. 303 
Public Service Co. of N orthern  Illinois. 

226
Public Service Corp. o f Illinois, 204 
Public Service Electric Sc Gas Co. o f New 

Jersey. 326, 330. See also Pennsylvania- 
New Jersey Interconnection 

Public Utility Holding Com pany Act o f 
1935 (U.S.). 393. 401 

Puskas. T heodore , as Edison represen ta
tive, 48-50

Quarry Street station, 212, 214

Railways, electrification of, 341, 446-47.
See also T ransit systems 

Rathenau, Emil. 200; and Edison system. 
67, 70; and the market, 179; at Paris 
exhibition, 51. 66 

Rathenau. W alther, 179-80 
Rationalization IRalionalisierung), 324; 

th rough  interconnection (Verbundbe
trieb). 418; A rthu r K oepchen's views on, 
418. 419; o f regional systems, 368-69; 
by H ugo Slinnes, 4 1 1 

Regional systems. See Systems, regional;
T urb ine, steam 

Reich (German), and national grid, 313 - 
15. 319 

Reisholz central station, 408 
Reliability, of electric system, 370 
Research and developm ent, 19-20; by en

gineering professors, 156-60; by m anu
facturers' engineers, 162-64. 5 «  also 
Research laboratory, invention and de 
velopment in 

Research Center for High Voltage A ppa
ratus. 379 

Research laboratory: Edison's, 23-25; 
G eneral Electric's, 164-71; high-voltage 
experim entation in, 377-80; invention 
and developm ent in, 160; Siemens & 
Halske's, 172; William Stanley's, 103 

Reuleaux, Franz, 143 
Revere Suburban Gas Sc Electric Co.. 292

Reverse salients, 14, 22, 79-80, 83, 85-86, 
90-91 , 109, 371-72, 462. See also C riti
cal problem(s)

Rheinisch-Wesilalischcs Elektriziiaiswcrk 
AG (RWE), 288, 314; characteristics of, 
408-9 ; com pared with PP&L. 428-29; 
in com petition with Preussenelcktra and 
EWAG. 423-28; expansion of, 424-26; 
financing of, 428; interconnects with 
Bayernwerk, 426; rationalization of,
418-19; and R oddergrube agreem ent, 
414-15; technological style of. 404, 407; 
220,000-volt transmission line of, 420- 
21, 424-27 

Rice. Edwin W., and GE Research Labo
ratory. 165, 166 

Richardson. G. B.. 250 
Richardson, John  W igham. 448, 451 
Roberts. E. P.. 146
Roddergrube AG. 413; and RWE agree

ment, 414-15 
Roosevelt, T heodore , 301 
Rotary converters, as system couplers,

121. 208-9 . 345 
Riihm korff. H einrich Daniel, 86 
Ruhr region. G erm any. 409 
Rum m elsburg pow er station, 197 
Rural electrification. See Electrification, 

rural
Rural Electrification Administration 

(U.S.). 308, 443 
Ryan, H arris J., 146, 148, 153-54, 379, 

384; and high-voltage phenom ena, 
159-60; publications of, 158

Sacram ento Electric Gas & Railway Co.. 
276

Sacram ento Power & Light Co.. 270 
St. Jam es & Pall Mall Co., 235 
St. M arylebone central station, 235 
Salem Electric L ighting Co., 292 
San Francisco Gas & Electric Co., 276 
Sardinia Street central station, 235 
Sargent. Frank, 209, 211 
Schiffbauerdam m  central station, 186 
Schmidt, A lbert, 139; as assistant to Ni

kola Tesla. 120 
Science, electrical engineering as. 142—43.

156-57. See also Electrical engineering 
Scientific m ethod: F. W. Peek, Jr.'s , SS I- 

84; H arris J . Ryan's, 158-60 
Scott, Charles F„ 120, 139, 158-59, 161- 

63. 173 
Shallcnberger, Oliver B., 139 
Shaw. Philip B.. 431-32 
Sheffield Corp.. 444 
Shoreditch central station, 237 
Sibley College o f Mechanical Engineering 

and the Mechanical Arts, 152-53. See 
also Cornell University 

Siemens, W erner von, 177; at Paris exhi
bition, 66; and technical education, 
144-45

Siemens, Wilhelm von, 166; and three- 
wire distribution, 84 

Siemens & Halske Co., 66, 177; agree

m ent of, with G erm an Edison, 68; labo
ratory research of, 166, 172, 379; pat
ent agreem ent of, 126, 168-69; Siemens 
(U.K.). 232 

Siemens-Rhein-Elbe-Schuckert Union, 420 
Siemens-Schuckert Co., 179; and RWE 

contract, 421 
Sierra & San Francisco Co., 281 
Single-phase curren t. See A lternating cur

rent; Power, transmission of; Systems, 
alternating-current 

Sir Coutts Lindsay and Co., 97; and Gau- 
lard and Gibbs, 92, 98 

Slaby, Adolf, 145, 149 
Sloan, R. P., 449 
Snell, Jo h n . 355-57 
Socialization Law (Germany), 313 
Social netw ork, Merz family as, 455 
Socićte elcctrique Edison, 67 
Societies, professional, 172-74, 177 
Society o f T elegraph  Engineers (U.K.),

174
Sonnem ann. Leopold, 131 
Southern California Edison Co., 281, 311, 

379
Spandauerstrasse central station, 77 
Spencer, H ugh. 376 
Sperry. E lm er, 163
Sprague, Frank J .: and criticism of Edi

son, 27; and d.c. m otors, 82; at Paris 
exhibition. 51; at Sunbury project, 432: 
and three-wire system, 84 

Siadiische Elektriziiats-W crke (StEW). 72, 
183. 200; and Edison. 73-75 

Standard  Electric Co., 276 
Standardization. See Frequency, efforts to 

standardize 
Stanford University, 379 
Stanley, William, 271; and G aulard and 

Gibbs transform er, 98-100; and G reat 
Barrington, Mass.. laboratory. 103—4; at 
Swan Electric Co., 100; at W estinghouse 
Co., 101

Stanley Electric M anufacturing Co., 120, 
268, 271

Statistics: Samuel Insull's use of, 225-26;
Charles Mcrz’s use of. 251 

Sicinmetz, Charles, 163-64, 173; and GE 
consulting engineering departm ent,
171; and F. W. Peck. J r .. 381 

Stephan, H einrich von, 174 
Stillwell. Lewis B.; 139 
Stimson. H enry L., 301 
Slinnes. H ugo. 410-11. 420, 424; and ra
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Awarded the Dexter Prize by the Society fo r  the History o f Technology

“ A n  ex c it in g , m a jor con trib utio n  to the fie ld  o f  history, for it e s ta b lish e s  v ery  c o n vin c in g ly  that 

the growth o f . . . p ow er n etw orks is a s  in tr in s ic  to and c h a ra c te r istic  o f  m o dem  so c ie ty  a s  the 

growth o f m an o ria lism  w as to m e d iev a l so c ie ty .” — American Historical Review

A u n iq u e  co m p a ra tive  h istory  o f  the evo lu tio n  o f  m odern  e le c tr ic  p ow er sy stem s , Networks o f  
Power not on ly  p ro v id e s  an  ac c u ra te  rep re sen ta tio n  o f la r g e -s c a le  te ch n o lo g ic a l ch a n g e  but a lso  

d e m o n stra tes that tech n o log y  i tse lf  can no t be u nd erstood  or d irec te d  u n le ss  p la c e d  in a  cu ltu ra l 

con text. F o r  T h o m as H u g h es , both th e in ven tion  o f  the s im p lest  d e v ic e s  (l ik e  the lig h tb u lb  

itse lf) and the ex ec u tio n  o f  th e gra n d est sc h e m e s (such  as  h a rn ess in g  the w ater p ow er o f the 

B a v a r ia n  A lp s) fit into an  o v e ra rc h in g  m odel o f  te ch n o lo g ic a l de ve lo p m e n t. H is n arra tive  is an  

a b so rb in g  ac c o u n t o f  the c re a t iv e  g e n iu s , sc ie n tific  a c h ie v e m e n ts , e n g in eerin g  c a p a b ilit ie s , 

m a n a ge ria l s k i l l s , an d  e n trep ren e u ria l r isk s  b eh in d  on e o f the most co m m o n p lace  am en ities  o f 

the m o d em  ag e .

‘T h a t  a  ran ge o f  h isto ria n s not sp e c ia l is ts  in the h istory  o f  tech no logy, a s  w e ll a s  th ose w ho are , 

w ill find th is book im p o ss ib le  to ign ore , is  a  m e asu re  o f  the in te rp retiv e  c h a lle n g e  that T h o m as 

H u g h es h a s thrown out to the h isto ria n s o f  two con tin e n ts and b eyo n d . T h e  d isc u ss io n  o f  

e le c tr ic  p o w er sy ste m s w ill n e v e r  be the sa m e a g a in . But it o ffe rs m ore than  that. T h e  q u a lity  

o f p ro du ctio n  is  im p e c c a b le  an d  the m any illu s tra tio n s are  ch o sen  to g iv e  an  u n m istak ab ly  

a u th en tic  se n s e  o f th e p erio d . T h e  v ery  atm osph ere  o f th e p io n e erin g  u til it ie s  an d  the ea rly  

e le c tr ic a l en g in e e r in g  p ro fe ss io n  p erm ea tes a  w ork o f sc h o la rs h ip  that is  no le s s  p ath b rea k in g  

in its  fie ld  than  th ey in th e irs .” — /sis

“ How the W est w as w ire d .” — Times Literary Supplem ent

T h o m as P . H u gh es is  p ro fe sso r  o f  the h istory  o f m o d em  sc ie n c e  an d  tech n o log y  at the U n iver

s ity  o f  P e n n sy lv a n ia  and a  m em ber o f  the A m e ric an  A c a d e m y  o f  A rts an d  S c ie n c e s . H is book s 

in c lu d e  C hang ing  A ttitudes toward A m erican Technology  and Elm er Sperry, Inventor a n d  
Engineer.
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