e
il
T e

da I =tET

LEWIS MUMFORD

TECHNICS
AND

CIVILIZATION

Elv _

5

m)

_.|-

'_TTT

(

ROUTLEDGE & KEGAN PAUL LTD
Broadway House, 68-74 Carter Lane

London. E.C.4

|
-
. 4
g
i
- il
"hﬂ
. |
-
v o




First published in Fneland [954
i : PR
Second impression 195

Third tmpression 143
.FrHir.'h IETIEIFJ'.H.E;HII 1"'*’-11
EFifth impresston 1940

Sixth imprassion 194/

Seventh impression 1955

]r'.-;' h ¥ .":"-f T Akl '.'r'-."rr; NIy wridten i [930) -HI:;

E L | -

--.i.. Ii o Il |
B l"lp :.': .! ¥ : 1| J (i ". JI‘. §'5-\- m 1"

AT a5 WIS ) degl Wl .f'.'J.'.r' machine, the Ly, the e
x — i | s j :i
e group, and the personaiuny within a single 7
| a -.'.ﬂ
Lme®, in warking oul the seciion on fecanies it uxas y
Tl el ary {0 increase e soEe ol he unole prilect: -
’ -
. - " - m——— - . I : ¥ -

0O the present Dnok [3ter LY G Limited areag ol .’flr.’
. ®

irst draft. W hile Technics and (.ivilization is a :L.'liﬂ, "

riadin aspecis of e maching, Ssuch as uds relagtion o L

}

' 4 ] :
rcfideciure, gl certam aspecty of caiviisalion :J{“.u

a w T

e [ v w b | .: § - . T i ® TE._L ) r. -y w o= F
RaGY WWiiUTI{IEe) el LT 1'..!]'!1:" COrse or :l—:[ NNICE re-
nain to be treated at another time. L. M.

FRINTED TN ohPaT BMITAIN BY

!j'“r *"rl H"*rnn"r [l']l""Tth} 1 -‘rj ::I'.‘.p]'\ . L ‘I’




T eeessme— —

"-._..'; g l— e = —S—
Tas. --.__‘;rﬂ S

CONTENTS

OBJECTIVES

-
r

-
= i
‘.j"'i-_ TR

'i.

CHAPTER 1. CULTURAL PREPARATION o o

1: Machines, Utilities, and *The Machine™ 9 :":'

S A%

2: The Monastery and the Clock 12 s

i ] . wn
| 3: Space, Distance, Movement 18 i
4: The Influence of Capitalism 23 Xev

| 5: From Fable to Fact

L |-|-"‘
L J (1
bl '_r‘ti_‘i‘

| 6: The Obstacle of Animism

7+ The Road Thr'nug]'l Magzic

8: Social Hr—gilnirﬂtaﬂun

“_r
- S

Q: The Mechanical Universe
10: The Duty to Invent

11: Practical Anticiputions

CHAPTER 11. AGENTS OF MECHANIZATION

. The Profile of Technics
: De Re Metallica

. Mining and Modern Capitalism

L k3 ==

4: The Primitive Engineer

5: From Game-Hunt to Man-Hunt
6: Warfare and Invention

7: Military Mass-Production

§: Drill and Deterioration

9: Mars and Venus

10: Consumptive Pull and Prodl:lgﬁﬂ Drive

SeeaREIFBE S RBEEEEER

-

[




viii CONTENTS

CHAPTER I1I. THE EOTECHNIC PHASE
1 : Technical Syneretism
2. The Technological Complex
3:

NL’W ..qnlll'i‘t'f- Hf l’nm'r

i

. Trunk, Plank, and Spar
5: Through a Glass, Brightly
- Glass and the Ego

: The Primary Inventions

- Weakness and Strength

0

CHAPTER IV. THE PALEOTECHNIC. PHASE
: England’s Belated Leadership

- The New Barbarism

: Carboniferous Capitalism

: The Steam Engine

N s W RS e

« Blood and Tron

-
Sl

: The Destruction of Environment
: The Deagradation of the Worker
1 The Starvation of Life

9: The Doctrine of Progress

10: The Struggle for Existence

11: Class and Nation

12;: The Empire of Muddle

13: Pawer and Time

14: The Esthetic Compensation
15: Mechanical Triumiphs

16; The Paleotechnic Massage

=1

oo

CHAPTER V. THE NEOTECHNIC PHASE

I: The Beginnings of Neotechnics

2; The Importance of Science
_ 3: New Sources of Energy
4: The Displacement of the Proletariat
5t Neotechnic Materials

P"iﬂﬂil‘:ﬂ'ﬂ nl Npalnehnierg

107
107
)
112
119
124
128
131
142

CONTENTS
G: Power and Mobility
7: The Paradox of Communication
#: The New Permanent Record
9: Light and Life .
10: The Influence of Biology
11: From Destruction to Conservation
12: The Planning of Population

13: The Present Pseudomorph

CHAPTER V1. COMPENSATIONS AND REVERSIONS
| : Summary of Social Reactions
2: The Mechanical Routine
3: Purposeless Materialism: Superfluous Power
4: Co-operation versus Slavery

- Direct Attack on the Machine

o i |

6: Romantic and Utilitarian

7: The Cult of the Past

8: The Return to Nature

0: Organic and Mechanical Polarities
10: Sport and the “Bitch-goddess™
11: The Cult of Death

12: The Minor Shock-Ahsorbers

13: Resistance and Adjustment

CHAPTER VII. ASSIMILATION OF THE MACHINE

. New Cultural Values

. The Neutrality of Qrder

. The Esthetic Experience of the Machine
4: Photography as Means and Symbol

§: The Growth of Functionalism

6: The Simplification of the Environment
7: The Objective Personality

L b~

CHAPTER VIIL. ORIENTATION

1: The Dissolution of “The Machine™
9. Toward an Organic Ideology

235
239
242
245
250
955 e
260 ﬁ;{ %
263 i

268

268
269
273 2
278 R
284 . A
285 | '
288
295
299
303
307
311
316



CONTENTS
3. The Elements of Social Energetics
4: Inerease Conversion!
&: Economize Production!
6+ Normalize Consurption!
7: Basic Communism
8: Socialize Creation!
0. Work for Automaton and Amateur
10: Political Control
11: The Diminution of the Machine
12: Toward a Dynamic Equilibrium

13: Summary and Prospect
INVENTIONS
BIBLIOGRAPHY
ACKNOWLEDGMENTS

INDEX

373
380
383
390
400
406
410
417
423
429
433

437

447

475

477

ILLUSTRATIONS

1. ANTICIPATIONS OF SPEED

[[. PERSPECTIVES

f11. THE DANCE OF DEATH

V. MINING, MUNITIONS, AND WAR
V. TECHUNICS OF WOub

V1. EOTECHNIC ENVIRONMENT
Vil. EARLY MANUFACTURE

VIII. PALEOTECHNIC PRODUCTS
IX. PALEOTECHNIC TRIUMPHS
X. NEOTECHNIC AUTOMATISM
X1. AIRPLANE SHAPES

XI1. NATURE AND THE MACHINE
X171, ESTHETIC ASSIMILATION
XIV. MODERN MACHINE ART

XV. THE NEW ENVIRONMENT

tHIN V1A 11NE &




=
o
—
-
<
™
p
=

HNICS ARND

(

E

r
e




OBJECTIVES

During the last thousand years the material basis and the cultural
forms of Western Civilization have been profoundly modified by
the development of the machine. How did this come about? Where did
it take place? What were the chief motives that encouraged this
radical transformation of the environment and the routine of life:
what were the ends in view: what were the means and methods: what
unexpected values have arisen in the process? These are some of
the questions that the present study seeks to answer.

While people often call our period the “Machine Age.” very few
have any perspective on modern technics or any clear notion as to its
origins. Popular historians usually date the great transformation in
modern industry from Watt's supposed invention of the steam
engine; and in the conventional economics textbook the application
of automatic machinery to spinning and weaving is often treated as
an equally eritical turning point. But the fact is that in Western
Europe the machine had been developing steadily for at least seven
centuries before the dramatic changes that accompanied the “indus-
trial revolution” took place. Men had become mechanical before
they perfected complicated machines to express their new bent and
interest: and the will-to-order had appeared once more in the monas-
tery and the army and the counting-house before it finally manifested
itself in the factory. Behind all the great material inventions of the
last century and a half was not merely a long internal development
of technics: there was also a change of mind. Before the new indus-
trial processes could take hold on a great scale, a reorientation of

wishes, habits, ideas, goals was necessary,
3




4 TECHNICS AND CIVILIZATION

To understand the dt_mlinﬁlillg rale Ijlu}'f’d ll}* technics in modern
civilization, one must explore in detail the preliminary period of
ideological and social preparation, Not merely must one explain the
existence of the new mechanical instruments: one must explain the
culture that was ready to use them and profit by them so extensively.
For note this; mechanization and regimentation are not new phe-
nomena in history: what is new is the fact that these functions have
heen projected and embodied in organized forms which dominate
every aspect of our existence. Other civilizations reached a high
degree of technical proficiency without, apparently, being profoundly
influenced by the methods and aims of technics. All the critical
inetruments of modern technology—the clock, the printing press,
the water-mill, the magnetic compass, the loam, the lathe, gunpowder,
paper, to say nothing of mathematics and chemistry and mechanics—
existed in other cultures. The Chinese, the Arabs, the Greeks, long
hefore the Northern European, had taken most of the first steps
toward the machne. And ;i]ﬂ'lnugﬂ'l the great engineering works of
the Cretans, the Egyptians, and the Romans were carried out mainly
on an empiric_'al lrdhi'.-'n, these p¢_‘|‘lp!t‘- }!IL’I]JII}' had an abundance of
technical skill at their command. They had machines; but they did
not develop “the machine.” It remained for the peoples of Western
EHI'UpF to carry the ph}.‘.-if'dl SC1ENCeS and the exact arts to a ]‘vuint

no other culture had reached, and to adapt the whole mode of life
to the pace and the capacities of the machine. How did this happen?
How in fact could the machine take possession of European society
until that society had, by an inner aocommodation, surrendered
to the machine?

Plainly, what is usually called the industrial revolution, the series
of industrial changes that began in the eighteenth century, was a
transformation that took place in the conrse of a much longer march.

The ﬂllll‘:hinf' }'lﬂ'-‘-z swept over our civilization 1n three SlUCrEssIve
waves. The first wave, which was set in motion around the tenth
century, gathered strength and momentum as other institutions in
civilization wers weakening and dispersing: this early triumph of
the machine was an effort to achieve order and power by purely
external means. and its success was partly due to the fact that 1

MThas sunnskinse hoe swanl aver onr Civilization in thtree SUHCCEssIve
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evaded many of the real issues of life and turned away from the
momentous moral -J‘Ih] social difficulties that it had neither con.
fronted nor solved. The second wave heaved upward in the cighteenth
century after a lunlgr._alr..uly roll through the Middle Ages, with its
improvements in mining and irom-working: accepting all the idealogi-
cal premises ol the first effort to create the machine, the disciples
of Watt and Arkwright -%nugill 10 universalize them and take advan-
tage of the pract ical ronsequences. In the course of this eﬂurl, VATIONS
moral and social and political problems which had been set to one
side by the exclusive development of the machine, now returned
with doubled urgency: the very efficiency of the machine was drasti-
cally curtailed by the failure to achieve in society a set of harmonious
and integrated purposes. External regimentation and internal re-
cistance and disintegration went hand in hand; those fortunate
members of society who were in complete harmony with the machine
achieved that state only by closing up various important avenues of
life. Finally, we begin in our own day to observe the swelling
energies of a third wave: behind this wave, both in technics and in
civibizalion, are {orces which were ‘:»I.lp]]l't‘.hﬁf.'{l or pr:n't.'rtr:d h}‘ the
earlier development of the machine, forces which now manifest them-
celves in every department of activity, and which tend toward a new
synttiesis in lhi'vught and a fresh synergy n action. As the result of
this third movement, the machine ceases to be a substitute for God or
for an orderly society; and instead of its success being measured by
he mechanization of life. its worth becomes more and more meas-
urable in terms of its own approach to the organic and the living,
The receding waves of the first two phases of the machine diminish
a little the force af the lllil'd wave: but the imaﬂ“ rﬁmms accurate
to the extent that it suggests that the wave with which we are now being
carried forward is maving in a direction apposite to those of the past.
By now, it is plain, 8 new world has come into existence; but it
exists only in fragments, New forms of living have for long been in
process; but so far they have likewise been divided and mmi
indeed, our vast gains in energy and in the Pm{l“ﬂﬁ‘m’ﬂl ganﬂ!hlﬂ
manifested themselves in part'in a loss of form and an impoverisi-
ment of life. What has limited the beneficence of the machine? Under

—— - A R w p— L.—l--—-.-- Iﬁ-‘ 'ﬂ“—' - 3 - II“-



6 TECHNICS AND CIVILIZATION

what conditions may the machine be directed toward a fuller use
and accomplishment? To these questions, too, the present study secks
an answer. Technics and civilization as a whole are the result of
human choices and aptitudes and strivings, deliberate as well as
unconscious, often irrational when apparently they are most objective
and scientific: but even when they are uncontrollable they are not
external. Choice manifests itself in society m small increments and
moment-to-moment decisions as well as in loud dramatic struggles;
and he who does not see choice in the development of the machine
merely betrays his incapacity to observe cumulative effects until they
are bunched together so closely that they seem completely external
and impersonal. No matter how completely technics relies upon the
abjective procedures of the sciences, it does not form an independent
system, like the universe: it exists as an element in human culture
and it promises well or ill as the social groups that exploit it promise
well or ill. The machine itself makes no demands and holds out no
promises: it is the human spirit that makes demands and keeps
promises. In order to reconquer the machine and subdue it to human
purposes, one must first understand it and assimilate it. So far, we
have embraced the machine without [ully understanding it, or, like
the weaker romantics, we have rejected the machine without first
seeing how much of it we could intelligently assimilate.

The machine itself, however, is a product of human ingenuity and
effort: hence to understand the machine is not merely a first step
toward re-orienting our civilization: it is also a means toward under-
standing society and toward knowing ourselves. The world of teclinics
is not isolated and self-contained: it reacts to forces and impulses
that come from apparently remote parts of the environment. That
fact makes peculiarly hopeful the development that has been go-

Vi e m——

ing on within the domain of technics itself since around 1870: for
the organic has become vyisible again even within the mechanical
omplex: some of our most characteristic mechanical instruments—

he telephone, the phonograph, the motion picture—have grown out

e

ur interest in the human voice and the human eye and our

o

istic properties of this emergent order—its pattern, its
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planes, its angle of polarization, its color? Can one, in the proces
of crystallization, remove the turbid residues left hﬂhiﬁdh}'ﬁuﬁﬁ:ﬂ&
forms of technology? Can one distinguish and define the specific i
properties of & technics directed toward the service of life: proper -4
that distinguish 1t morally, socially, politically, Eﬂhﬂibﬁﬂy.ﬁﬁ
the ¢ruder forms that preceded it? Let us make the attempt. 'ﬁle
study of the rise and development of modern technics is a basis for
understanding and strengthening this contemporary transvaludtions:
and the transvaluation of the machine is the next move, perhaps,

toward its mastery.




CHAPTER L. CULTURAL PREPARATION

1: Machines, Utilities, and “The Machine"

During the last century the automatic or semi-automatic machine
hdS come 0 occupy a ]dl‘ﬂ'e plﬂl:ﬂ in our dﬂﬂy muﬁnu m“m
‘ tended to attribute to the physical instrument itself the whole com-
plex of habits and methods that created it and amm it
| Almost every discussion of technology from Marx onward h
tended to overemphasize the part played by the more mobile a
active parts of our industrial equipment, and has slighted m
equally critical elements in our technical heritage.
What is a machine? Apart from the simple machines df' ‘
mechanics, the inclined plane, the pulley, and so forth, h
remains a confused one. Many of the writers who lwu-
the machine age have treated the machine as if it were a v
phenomenon, and as if the technology of handicraft hﬂt’
only tools to transform the environment. These |
' baseless. For the last three thousand years, ltleﬁp
been an essential part of our older tuchlhl .:___--___-j_ :' _
definition of a machine has remained a class c: " A e isa
bination of resistant bodies so mngul 1T meal
mechanical forces of nature can be o
panied by certairr determinant mm'a goes MOk MRS
very far. Its place is due to m- he hrst gre
morphologist oimaahmuj{g_  le. t the large cla
chines operated by
Muchim hmu

——




10 TECHNICS AND CIVILIZATION

chanical or sensory capacities of the human body, or for reducing
to a mensurable order and regularity the processes of life. The
automaton is the last step in a process that began with the use of
one part or another of the human body as a tool. In back of the
development of tools and machines lies the attempt to modify the
environment in such a way as to fortify and sustain the human
organism: the effort is either to extend the powers of the otherwise
unarmed organism, or to manufacture outside of the body a set of
conditions more favorable toward maintaining its equilibrium and
ensuring its survival. Instead of a physiological adaptation to the
cold, like the growth of hair or the habit of hibernation, there 1s an
environmental adaptation, such as that made possible by the use of
clothes and the erection of shelters.

The essential distinction between a machine and a tool lies in the
degree of independence in the operation from the skill and motive
power of the operator: the tool lends itself to manipulation, the
machine to automatic action. The degree of complexity is unimpor-
tant: for, using the tool, the human hand and eye perform compli-
cated actions which are the equivalent, in function, of a well de-
veloped machine; while, on the other hand, there are highly eflec-
tive machines, like the drop hammer, which do very simple tasks,
with the aid of a relatively simple mechanism. The difference be-
tween tools and machines lies primarily in the degree of automatism
they have reached: the skilled tool-user becomes more accurate and
more automatic, in short, more mechanical, as his originally volun-
tary motions seitle down into reflexes, and on the other hand, even
in the most completely automatic machine, there must intervene some-
where, at the beginning and the end of the process, first in the original
design, and finally in the ability to overcome defects and to make
repairs, the conscious participation of a human agent.

- Moreover, between the tool and the machine there stands another
class of objects, the machine-tool: here, in the lathe or the drill, one
has the finest machine coupled with the skilled at-
endance of man. When one adds to this mechanical complex

e power, the line of division becomes even more

CULTURAT PREPARATION
1

tion :_nf [ll!u‘r?it}.n,-wlli.‘.rm-li the mu! indicates flexibility: g planing
l'nut:hmr_- e lorms nnl}' ml‘e upemt.!un. whereas n knife can be used
s e s GO
, . S e ' i \'El’_jl' umiﬂlilﬂd
kind of adaptation; it involves the notion of an external solirce of
power, 8 more or less complicated inter-relation of parts, and a
limited kind of activity. From the beginning the machine was u”mrt
of minor organism, designed to perform a single set of lunetions,
Along with these dynamic elements in technology there is another
set, more static in character, but equally important in funetion.
While the growth of machines is the most patent technical fact of
the last thousand vears, the machine, in the form of the fire-drill or
the potter’s wheel, has been in existence since at least neolithie times.
During the earlier period, some of the most effective adaptations of
the environment came, nol from the invention of machiues, bt {rom
the equally admira ble invention of utensils, apparatus, and utilities.
The basket and the pot stand for the first, the dye vat and the brick-
kiln stand for the second, and reservoirs and aqueduets and mds
and buildings belong to the third class. The modern period has finally
given us the power utility, like the railroad track or the electric
transmission line, which functions only through the operation of
power machinery. While tools and machines transform the environ:
ment by changing the shape and location of objects, utensils and
apparatus have been used to effect equally necessary chemical trans.
formations. Tanning, brewing, distilling, dyeing have been as impor-
tant in man's technical development as smithing or weaving, But
most of these processes remained in their traditional state till the
middle of the nineteenth century, and it is only since M"lhﬂﬂh|
have been influenced in any large degree by the same set of soientific
forces and human interests that were dmlupins_fﬁllﬁm‘ pAnSS
machine. .. <.
In the series of objects from utensils ta utilities there is Hie SAE
relation between the workman and the process that 16 TOTR it
series between tools and automatic machines: difiere
degree of specialization, the degree of impersor
people’s attention is directed most easily 0 th
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12 TECHNICS AND CIVILIZATION

active parts of the environment, the réle of the utility and the appa-
ratus has been neglected in most discussions of the machine, or,
what is almost as bad, these technical instruments have all been
clumsily grouped as machines. The point to remember is that hoth
have played an enormous part in the development of the modern

environment; and at no stage in history can the two means of adapta-
tion be split apart. Every technological complex includes both: not
least our modern one.

When I use the word machines hereafter 1 shall refer to specific
objects like the printing press or the power loom. When [ use the
term “‘the machine” I shall employ it as a shorthand reference to
the entire technological complex. This will embrace the knowledge
and skills and arts derived from industry or implicated in the new
technics, and will include various forms of tool, instrument, apparatus
and utility as well as machines proper.

2: The Monastery and the Clock

Where did the machine first take form in modern civilization?
There was plainly more than one point of origin. Our mechanical
givilization represents the convergence of numerous habits, ideas,
and modes of living, as well as technical instruments; and some
of these were, in the beginning, directly opposed to the civilization
they helped to create. But the first manifestation of the new order
took place in the general picture of the world: during the first seven
centuries of the machine's existence the categories of time and space
underwent an extraordinary change, and no aspect of life was left
untouched by this transformation. The application of quantilative
methods of thouglt to the study of nature had its first manifestation
in the regular measurement of time; and the new mechanical con-
ceplion of time arose in part out of the routine of the monastery.
Alfred Whitehead has emphasized the importance of the scholastic
belief in a universe ordered by God as one of the foundations of

odern physics: but behind that belief was the presence of order in

I
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lead taken by Salerno in the scientific and medical advances of the
Middle Age. It was, however, in the monasteries of the West that
the desire for order and power, other than that expressed in the mili-
tary domination of weaker men, first manifested itself after the long
uncertainty and bloody confugion that attended the breakdown of the
Roman Empire. Within the walls of the monastery was sanctuary:
under the rule of the order surprise and doubt and caprice and
irregularity were pul a bay. Opposed to the ervatic Auctuations and
pulsations of the worldly life was the iron discipline of the rule.
Renedict added a seventh period to the devotions of the day, and in
the seventh century, by a bull of Pope Sabinianus, it was decreed
that the bells of the monastery be rung seven times in the twenty-four
hours. These punctuation marks in the day were known as the canoni-
1l hours, and some means of keeping count of them and ensuring
their regular repetition became necessary.

According to a now discredited legend, the first modern mechani-
cal clock, worked by falling weights, was invented by the monk
named Gerbert who afterwards became Pope Sylvester 11 near the
close of the tenth century. This clock was probably only a water
clock, one of those hequ&ats of the ancient world either leflt over
directly from the days of the Romans, like the water-wheel itself, or
coming back again into the West through the Arabs, But the M
as 50 often happens, is accurate in its implications if not in its facts.
The monastery was the seat of a regular life, and an mwm
5tl"i|<ing the hours at intervals or for re‘minding the hﬁll-r'ﬁ:w that it
was time 1o sirike the bells, was an almost inevitable product ok
life. If the mechanical clock did not appear until the cities ol the
thitteenth century demanded an orderly routine, the habit of der
itself and the carnest regulation of time-sequences had hecoms
second nature in the monastery. Coulton agrees with i.ij
looking upon the Benedictines, the great working ordes, as peri
the original founders of modern capita ism: their rule cent
the curse off work and their vigorous engineering
even hﬂ?& robbed Wﬂﬂm'ﬂflm vl 1ls glamot 0
ing the facts when one suggests thut the monas

=]

there were 40,000 under the Benedictine ru
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eoular collective beat and rhythm of the machine; for
. o means of keeping track of the hours, but of

4

enterprise the r
the clock 1s not merely

i1 it f men.
synchronizing the actions o . o | ' )
" Was it by reason of the collective Christian desire to provide for

the wellare of souls In eternity by regular prayers and devotions
that time-keeping and the habits of tempm:al order took hold of
men’s minds: habits that capitalist civilizu.llou prt*ar_~l}t|\' turned to
good account? One must perhaps accept the irony of 'th.J:: po rai.LIT_nx. At
all events, by the thirteenth century there are dt"ﬁnltﬁhl'm'nlll:é of
mechanical clocks, and by 1370 a well-designed “modern clock had
been built by Heinrich von Wyck at Paris. Meanwhile, bell towers
had come into existence, and the new clocks, if they did not have,
i1l the fourteenth century, a dial and a hand that translated the
movement of time into & movement through space, at all events
struck the hours. The clouds that could paralyze the sundial, the
freezing that could stop the water clock on a winler night, were
no longer obstacles to time-keeping: summer or winter, day or night,
one was aware of the measured clank of the clock. The instrument
presently spread outside the monastery; and the regular striking of
the bells brought a new regularity into the life of the workman and
the merchant. The bells of the clock tower almost defined urban
existence. Time-keeping passed into time-serving and time-accounting
and time-rationing. As this took place, Eternity ceased gradually to
serve as the measure and focus of human actions.

The clock, not the steam-engine, is the key-machine of the modern
industrial age. For every phase of its development the clock is both
the outstanding faet and the typical symbol of the machine: even
today no other machine is so ubiquitous. Here, at the very beginning
of modern technics, appeared prophetically the accurate automatie
machine which, only after centuries of further effort, was also to
prove the final consummation of this technics in every department
of industrial activity., There had been power-machines, such as the
water-mill, before the clock; and there had also been various kinds
of nutomats, to awaken the wonder of the populace in the temple,
or to please the idle fancy of some Moslem caliph: machines one
finds illustrated in Hero and Al-Jazari. But here was a new kind of
“u

nrnve thia hnag .ﬂnﬁ:u'.minnl"';nn Al 2LTe '!.nul-u-l-:nh -1: gadpme Ly rlnn':l r"lmrll'i-i
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power-machine, i1 which the source of power and the transmission
were of such a nature as to ensure the even flow of energy lhruughmlll
the works and to make possible regular production and & ?,Land-
ardized product. In its relationship to delm;miu:lble. quan]t.luea F"f

energy, to standardization, to aultomatic action, and finally to ils

own special product, accurate timing, the clock ‘hﬂﬁ..bcm the fﬁur.e-

most machine in modern technics: and at each period 1t has remained

in the lead: it marks a perfection toward which other mili'}linﬂﬁ

aspire. '”u“ clock, moreover, :‘-t"l"‘t‘t‘ll s a8 mmivl lor many l.‘lll‘ll:?l‘ kl!'hlt‘la

of mechanical works, and the analysis of motion that accompanied

the perfection of the clock, with the various types of gearing and

transmission that were elaborated, comtributed to the success ol

quite different kinds of machine. Smiths could have hammered thou-

sands of =uits of armor or thousunds of iron cannon, wheelwrights

could have shaped thousands of great water-wheels or crude gears,

without invenling any of the -;H*ridl types ol movement deveiupud

in clockwork, and without any of the accuracy ol measurement and

fineness of articulation that finally produced the accurate eighteenth

century chronometer,

The clock, moreover, is a piece of power-machinery whose *prod-
aet” is seconds and minutes: by its essential nature it dissociated
time from human events and helped create the belief i an inde-
pendent world of mathematically measurable sequences: the Epﬂﬁ?ﬂl
world of science. There is relatively linle foundation for this belief
in common human experience: throughout the year the days are of
uneven duration, and not merely does the relation hetween day and
night steadily change, but a slight journey from East to Wﬂ!t'allnﬁf
astronomical time by a certain number of minutes. In terms of
the human organism itself, mechanical time is even more fnmi@t |
while human life has regularities of its own, the beat of the pulse, thl!
breathing of the lungs, these change from hour to hour mﬂ:mﬂ
and action, and in the longer span of days, time is measured not
by the calendar but by the events that occupy it The MM“
ures from the time the ewes lambed; the farmer measures "’
the day of sowing or forward to the harvest: il growih hus i 5ok

W =
1T

duration and regularities, behind it are not simply matter and mot
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but the facts of development: in short, history. And while mechanjcal
Hime is strung out in a succession of ma!lwm-.{lit':illy solated instants,
arganie tme—what Bergson calls duration—is cumulative in its
eflects. Though mechanical time can, in a sense, be speeded up or
run backward, like the hands of a clock or the images of a moving
picture, organic time moves in only one direction—ithrough the
l_‘}-‘t'lt' of blrlh, growth, (ir‘\’ell.bpmrlll. decay, and death—and the
past that is already dead remains present in the future that has still
to be born.

Around 1345, according to Thorndike, the division of hours into
sixty minutes and of minutes into sixty seconds became common: it
was this abstract framework of divided time that became more and
more the puint of reference [or both a tion and ”ll"l:"]'rf. and In the
effort to arrive at accuracy in this department, the astronomical
exploration of the sky focussed attention further upon the regular,
imli].u'ul.vlt’ movements of the heavenly bodies through space. Early
in the sixteenth century a YOUNE Nuremberg mechanie, Peter Henlein,
18 ﬁlllllluﬁf'tl to have created “many-wheeled watches out of small hits
of iron™ and ].r}' the end of the century the small domestic clock had
}Jt‘t‘.‘.n iI‘TII‘udul_‘ttd in En[;];ilui and Holland. Az with the motor ear and
l.ht': ainﬂunr. the richer classes first took over the new mechanism
and popularized it: partly because they alone could afford it, partly
because the new hourgeoisie were the first 1w discover that, as Frank-

-

lin later put it. “time is money.” To become “as regular as clock-
work™ was the bourgeois ideal, and to own a watch was for long a
dehnite symbol of success, The incrensing tempo of civilization led
to a demand for greater power: and in turn power quickened the
lempo,

Now, the orderly punctual life that first took shape in the maonas-
teries is nol native to mwankind, although by now Western peoples
are so thoroughly regimented by the clock that it is “second nature™
and they look upon its shservance as a fuct of nature, Many Eastern
civilizations have fourished on a loose basis in time: the Hindus
have in fact been so indifferent to time that they lack even an
authentic chronology of the years. Only vesterday, in the midst of
the industrinlizations of Soviet Russia, did a society come inlo exist:

Ml! TR T ™ ﬁ]‘-:ﬂ-ﬁlﬂﬂﬁﬂ- e 'ra-:ni el iy e e A l:‘:luu Frl‘ll’l‘r!!
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and o propagandize
ation of time-keeping, which
i!lll(}'ﬂ-i_*l‘i tll‘l,“ II-IlHII]*Zi.iI'I-.’II. l_li tlu_- t“th]—I “Iﬂ“d.lr‘]izfd walthgﬁm i

C‘eneva, then in Ames il'.'.! around the middle of the last century, was
essential to o well-articulated ayslem ol transportation and pTUJH:tlifjﬁ.

To keep time was once a peculiar attribute of music: it gave indus.
trial value to the workshop song or the tattoo or the chantey of the
hlil(ll"- tugging al a rope, But t]u- ('ﬂFi'l of IIIE mEI_"hﬂlliBﬂl Elﬂ{‘-k is
more pervasive and strict: it presides over the day from the hour of
rising to the hour of rest. When one thinks of the day

ence 1o further the i:mrj.'ing nf wittehes llll:m
the ln'm-ﬁh of |ul||+'hi.1!ih-'. The I"”I-'-'llltlfiz

. as an abstraet
span of time, one does not go to bed with the chickens on a winler's

night: one invents wicks, chimneys, lamps, gaslights, electrie lamp:.
so as to use all the hours belonging to the day. When one thinks of
time, not as a sequence of experiences, but as a collection of hours,
minutes, and seconds, the hubits of adding time and saving lime come
into existence, Time took on the character of an enclosed space; il
could be divided, it could be filled up, it ¢ould even be expanded BSOS
by the invention of laborsaving instruments. et
Abstract time becume the new medium of existence, Organie func-
tions themselves were regulated by 1: one ate, not upon feeling
hungry, but when prompted by the elock: one slept, not when one
was tired, bul when the clock sanctioned it. A generalized time-
consciousiiess accompanied the wider use of clocks; dissociating time
from organic sequences, it became easier for the men of the
Renascence to indulge the fantasy of reviving the classic past or
of reliving the splendors of antique Roman civilization: the cult
of history, appearing first in daily ritual, finally absteacted itself a8
a special discipline. In the seventeenth century journalism and pes
riodie literature made their appearance: even in dress, lollowing
the lead of Venice as fashion.center, people altered styles every
year rather than every generation. |
The gain i mechanical efficiency through co-ordination as

ok
— Mg 1=

through 1he closer articulation of the day's events cunnot be over
estimated: while this increase cannot be measured in mere hars
power, one has only to imagine its absence today lo fon

speedy disruption and eventual collapse of our entire society |

In mechanical eemcien
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modern industrial régime could do without coal and iron and steam
easier than it could do without the clock.

3: Space, Distance, Movement

“A child and an adult, an Australian primitive and a European,
a man of the Middle Ages and a contemporary, are distinguished
not only by a difference in degree, but by a difference in kind by their
methods of pictorial representation.”

Dagobert Frey, whose words T have just quoted, has made a pene-
trating study Of t]]{' ilii.ft"'l't..‘lll.’ﬂ_‘ in .""i}-_‘.[i:ll COJ r[)liHH-- helween lhr* & Hi}.'
M]ddle Ag_‘ﬁ:‘-j and tllr.' ll‘;t"tlil.:?i_‘:_'lll'f‘i lli‘f ]l:‘lr-. re-enforced i:} H u':":l.lth
of specific detail, the generalization that no two « ultures live concep-
tually in the same kind of time and space. Space and time, like
languagn if")t‘lf. are W'Ol'k::'i Of art. .'tll!l likr I.Hl;;'.ll;li."r‘ I'U'_‘».' ]'H"JIFJ 1‘1)[14“—
tion and direct practical action. Long before Kant announced that
time and fpace were Lih.*;_Ii.iI'ir_**: of the mind, i-r}rgg before the mathema-
ticians discovered that there were COoncen able and rational torms of
sgpace other than the form described by Euclid, mankind al !.H_gf-
had acled on this ]_‘rrvrnisr-. Like the I.".lI;_Ii.i‘-iIHL'HI in France who Ilimi*t-;ht
that hread was the right name for le pain each culture believes that
every other kind of space and time is an approximation to or a per-
version of the real space and time in which i lives,

During the Middle Ages spatial relations tended to be arganized
as H}’ﬂlh!ills and values, The higln*%t n.‘rhjt"rl in the r‘it';.' was the church
spire which pointed toward heaven and dominated all the lesser
buildings, as the church dominated their hopes and fears. Space was
divided arbitrarily to represent the seven virtues or the twelve
apostles or the ten commandments or the trinity. Without constant
symbolic reference to the fables and myths of Christianity the ra-
tionale of medieval space would collapse. Even the most rational
minds were not exempt: Roger Bacon was a careful student of optics,
but after he had described the seven coverings of the eye he added
that by such means God had willed to express in our bodies an image
of the seven gilts of the spirit, .

Size signified importance: 1o represent human beings of entirely
different sizes on the same plane of vision and st the same distance

-
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from the observer was entirely possible for the medieval artist. This
same habit applies not only to the representation of rel objects but
to the organization of terrestrial experience },._,'. means of the map.
In medieval cartography the water and the land masses of the earth.
even when approximately known, may be represented in

19

an arbitrary
hgure hke a tree, with no regard for the actual relations as exper)-

enced by a traveller, and with no interest in anything except the
allegorical correspondence,

One further characteristic of medieval space must be noted: space
und time form two relatively independent systems, First: the medieval
arfist mtroduced other times within his own S}Jﬂ[iill wm'ld._ as when
he |:!'-'-it'| ted the events of Christ's life Will‘lin a t‘l:n‘llt.‘nlpilr.ll‘y Il:lliﬂll
city, without the slightest feeling that the passage of Lime has made
a difference, just as m Chaucer the classical legend of Troilus and
Cressida is related as il it were a contemporary story. When a
medieval chronicler mentions the King, as the anthor of The Wander-
mg Scholars remarks, 1t 15 sometimes a little difficult to find out
whether he is talking about Caesar or Alexander the Great or his
own monarch: each is equally near to him. Indeed, the word anach-
ronism is meaningless when applied to medieval art: it is anly
when one related events to a co.ordinated (rame of time and space
that being out of time or being untrue to time became disconcerting,
Similarly, in Botticelli's The Three Miracles of St. Zenobius, three
different times are presented npon a single stage.

Because of this Ht'[‘:}ll'ﬂlinu of time and space, ll!ingﬂ could dappedr
and disappear suddenly, unaccountably: the dropping of a ship below
the horizon no more needed an explanation than the dropping of a
demon down the chimney, There was no mystery about the past from
which they had emerged, no speculation as to the future toward
which they were bound: abjects swam into vision and sank out of it
with something of the same mystery in which the coming and going
aof adults affects the experience of young children, whose first graphic
efforts &0 much resemble in their urg_nni:atiun the world of the
medieval artist. In this symbolic world of space and time every-
hing was either a mystery or u miracle, The connecting link between

g ‘- i p— _— r = % =1 8
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events was the cosmic and religious order: the true order of SPiica
was Heaven. even as the true order of time was Eternity.

Between the fourteenth and the seventeenth century a ey,
tionary change in the conception of space took place in Wesjap
El]['{l}“f. Spacv ds a ]l.i['l'uri'h}' of values was I!fl'ﬁlill‘{'il h}' space ag g
system of magnitudes. One of the indications of this new orientatioy
was the eloser study of the relations of objects in space and (g
discovery of the laws of perspective and the systematic organization
ol pictures within the new [rame fxed by the foreground, th
horizon and the vanishing point. Perspective turned the symbaolie
relation of ohjects into a visual relation: the visual in turn became
a quantitative relation. In the new picture of the world. size meant
not human or divine impununw-, hut distance. Bodies did not exisl
separately as absolute magnitudes: they were co-ordinated witl
other bodies within the same frame of vizion and must be in scale
To achieve this scale, there must be an accurate representation of
the object itself, a point for point correspondence between the picturg
and the image: hence a fresh interest in external nature and in (Juess
tions of fact. The division of the canvas into squares and the accurate
observation of the world through this abstract checkerboard marked
the new technique of the painter. from FPaolo Ucello onward.

The new interest in perspective brought depth into the picture
and distance into the mind. In the older pictures, one’s eve jumped
from one part to another, picking up symholic crumbs as raste and
fancy dictated: in the new pictures, one’s eve followed the lines ol
Iillﬂ&r Pl‘.!I'Hl'_H.’t'.'li"--’t‘ a]ung streels, bui'lt“n;,_:ri, It‘*‘-:-'-t‘”dlt'll ]mvt‘tflt‘lll!
whose parallel lines the painter purposely introduced in order to
make the eve itself iravel, Even the objects in the {foreground were
sometimes grotesquely placed and loreshortened in order to create
the same illusion. Movement became a new source of value: moves
ment for its own sake. The measured space of the picture re-enforced
the measured time of the clock,

Within this new ideal network of space and time all events now
took place; and the most satisfactory event within this system wits
uniform motion in a straight line, for such motion lent it.self.
to accurale representation within the system of spatial and temporal
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co-ordinates. One further consequence of this spatial order must e
noted: to place a thing and to time it hecame essential 1o ope's
understanding of it. In Renascence space, the existence of ohjects
must be accounted for: their passage through time and Space 1% a
clue to their appearance at any particular moment in any partioular
place. The unknown is therefore no less determinate than the knowns
given the roundness of the globe, the position of the Indies could Be
assumed and the time-distance calculated. The very existence of sl
an order was an incentive to explore it and to £l up the pars
that were unknowrl.

What the painters demonstrated in their application of perspec-
tive, the (':lr!n_'_'r.-.;l]nrr:- established in the =ime t'r:nlur}' i their new
maps. The Hereford Map of 1314 might have heen done by & child:
it was practically worthless for navigation, That of Ucello’s con-

temporary. Andrea Banco, 1430, was conceived on rational lines,
and represented a gam in conceplion as well as m practical ACCUTICY. ,
By l;l}fi]lg down the invisible lines of ]ilTilII[]E iIl'lLl lungiludt:,, the
cartographers paved the way for later explorers, like Columbus; as
with the later scientific method, the absiract systemy gave rational
expectations, even if on the basis of inaccurate Knowledge. No
longer was it necessary for the navigator to hug the shore line: he
could launch out into the unknown, set his course toward an arhitrary
point, and return approximately to the place of departure. Both
iden and Heaven were onteide the new spuees llﬂd lhﬂ‘llﬁ] lhﬂj'
lingered on as the ostensible 5tl|.=jf?L‘I5 of puinling, the renl Eﬂbjm
were Time and Space and Nature and Man. . |
Presemtly, on the hasis laid down by the painter and the cartogs
rapher, an interest in space as such, in movement as such, in loco-
motion ns such, arose. In back of this interest were of m‘?‘
concrete alterations: roads had become more SeCUre, \'ﬁﬁﬂ!
being built more soundly, above all, new il“'ﬂlﬁﬂﬂf—fthﬂ_i
Ilr:t'dlt‘.. the astrolabe, the ruddnr-—had m‘ad'a-it Pﬂﬁnﬂﬁ'm &

Al el

to hold a more accurate course at sea. The E“ld d 'M I_l g
the fabled fountaing of youth and the IEHIIJ'F! iﬂlfl o’!’ l;— '
delight doubtless beckoned too: but the presence of these
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goals does not lessen the importance of the new schemata. The cate-
gories of time and space, once nractically dissociated, had become
united: and the abstractions of measured time and measured space
undermined the earlier conceptions of infinity and elernity. since
measurement must begin with an arbitrary here and now even if
space and time be empty. The itch to use space and time had broken
out: and once they were co-ordinated with movement, they could
be contracted or expanded: the conquest of space and time had
begun. (1t 1s interesting, however, to nole that the very concept of
acceleration, which is part of our daily mechamical experience, was
not formulated till the seventeenth century. )

The signs of this conquest are many: they came forth mm rapid
cuccession. In military arts the cross-bow and the hallista were re-
vived and extended, and on their heels came more powerlul weapons
for annihilating distance—the vannon and later the musket. Leonardo
coneceived an iljl'pltmﬁ and built one. Fantastic i”'”.ll"" 1s fon ”I;-'_ih'! were
canvassed. In 1420 Fontana described a velocipede: in 1589 Gilles
ilt: BOH’I u[ Antwurp :l])[!;ll'r*tlﬂ}' 'l_nli“ { rT'I.'ll]-['I'I.JIH.'H-"Il wagon: [t‘.-ll('!-i$
preludes to the vast efforts and initiatives of the nineteenth century.
As with so many elements in pur culture, the original impulse was
imparted to this movement by the Arabs: as early as 850 Al
l-@flﬁil'll had attempted ﬂi;:ht. and in 1065 Oliver ol h.].-ilmtu_l.ury
had killed himself in an attempt to soar from a high place: but from
the fifteenth century on the desire to conquer the air became a
recurrent ]Jl‘f'mrtiu[.ii.iiilm ol inventive minds: and it was close a-nu.mgh
to popular thought to make the report ol a flight from Portugal to
Vienna serve as a news hoax in 1709,

The new attitude toward time and space infected the workshop
and the counting house, the army and the city. The tempo became
faster: the magnitudes became greater: conceptually, modemn culture
launched itself into space and gave itsell over to movement. What
Max Weber called the “romanticism of numbers” grew naturally out
of this interest, In timekeeping, in trading, in fighting men counted
numbers; and finally, as the habit grew, only numbers counted.
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4: The Influence of Capitalism

The romanticism of numbers had still another aspect, important
for the development of scientific habits of Ihuugh[_ This was the rise
of capitalism, and the change from a barter economy, facilitated by
small supplies of variable local coinage, to a money economy with
an international credit structure and a constant reference to the
ahstract symbols of wealth: gold, drafts, bills of exchange, eventually
merely numbers.

From the standpoint of technique, this structure had ils origin in
the towns of Northern ltaly, particularly Florence and Venice, in
the fourteenth century; two hundred years later there was in existence
in Antwerp an international bourse, devoted to aiding speculation i
shipments {rom foreign ports and in money itsell. By the middle
of the sixteenth century book-keeping by double entry, bills of ex-
change, letters of credit, and speculation in *“futures” were all devel-
oped in essentially their modern form. Whereas the procedures of
coience were not refined and codified until after Galileo and Newton,
finance had emerged in its present-day dress at the very beginning
of the machine age: Jacoh Fugger and J. Pierpont Morgan could
inderstand each other's methods and point of view and temperament
far better than Paracelsus and Einstemn,

The development of capitalism brought the new habits of abstrac
vion and caleulation into the lives of city people: only the coutitry
folk, still existing on their more primitive local basis, were partly
immune. Capitalism turmed people from tangibles to intangibles: its
symbaol, as Sombart observes, is the account book: “its life-value lics
in its profit and Joss account.” The “economy of acquisition,” which
had hitherto been practiced by rare and fabulous creatures like Midas
and Croesus, became once more the everyday mode: it tended to
replace the direct “economy of needs” and to substitute money-values
for life-values. The whole process of business took on more and
more an abstract form; it was concerned wilh.mmﬂm&ﬁﬁlp:

imaginary futures, hypothetical gains. =,

Karl Marx well summed up this new process of transmutatic
“Since money does not disclose what has been transtormed mb

:-unll-,u-n !.l'm lli:"l"l“.‘l'l- "l'!i‘ﬂl'lﬂﬂi?-h] ﬁﬂ'ﬂaﬂ-— 10 SUS "-' -'_"”
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everything, whether a commodity or not, is convertible into gold,
Everything becomes saleable and purchasable. Circulation is the
great social retort into which everything 1s thrown and out of which
everything is recovered as crystallized mouey. Not even the bones of
the saints are able to withstand this alchemy; and still less able tg
withstand it are more delicate things, sacrosanct things which are
outside the commercial trafhe of men. Just as all qualitative dif.
ferences between commodities are effaced in money, so money, a
radical leveller, effaces all distinctions, Hut money itsell is a com-
modity, an external object, capable of becoming the private property
of an individual. Thus social power becomes private power in the
hands of a private person.”

This last fact was particularly important for hife and thought:
the que:-;t of powcer ]'I}* means ot i_ll}."'-ll’i_ll_‘ii'!lll‘*, Une .-..ln:-'trm.-tiun re-
enforced the other. Time was money: money was power: power
required the furtherance of trade and production: production was
diverted from the channels of direct use into those of remote trade,
toward the acquisition of larger profits, with a larger margin for new
capilal t‘!ﬁ:]]elldituri.“:-; for wars, fl.‘:rr.*ign conquests, mines, ;n-n;uluclive
enterprises . . . more moeney and more power. Of all forms of
wealth, money alone is without assignable limits, The prince who
might desire to build five palaces would hesitate to build five thou-
sand: but what was to prevent him from seeking by conquest and
taxes to multiply by thousands the riches in his treasury? Under
4 money economy, to .-"-ipi'r-i] up the process of prndnr‘linn was {0
speed up the turnover: more money. And as the emphasis upon
money grew in part out of the increasing mobility of late medieval
society, with its international trade, so did the resulting money
economy promote more trade: landed wealth, humanized wealth,
houses, paintings, sculptures, books, even gold itself were all rela-
tively difficult to transport, whereas money could be transported after
pronouncing the proper abracadabra by a simple algebraic operation
on one side or another of the ledger,

In time, men were more at home with abstractions than they were
with the goods they represented. The typical operations of finance
were the acquisition or the exchange of magnitudes. “Even the day-

fively dithcult to transporl, whereas money could be transported atter
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dreams of the pecuniary day-dreamer,” as Veblen observed, “take
shape as a caleulus of profit and loss computed in standard units
of an impersonal magnitude.” Men became powerful to the extent
that they neglected the real world of wheat and wool, food and
clothes, and centered their attention on the pun.-l}' quantitalive rep-
resentation of it In tokens and -_:j.rmln;.lg; to think in terms of mere
weight and number, to make quantity not alone an indication of value
but the criterion of value—that was the contribution of capitalism
ta the mechanical world-picture. So the abstractions of capitalism
preceded the abstractions of modern science and re-enforced at every
point its typical lessons and its typical methods of procedure, The
clarification and the convenience, particularly for long distance trad-
ing in space and time were great: but the social price of these
economies was a high one, Mark Kepler's words, published in 15952
“As the ear is made to perceive sound and the eye to perceive color,
<0 the mind of man has been formed to understand, not all sorts of
things, but quantities, [t perceives any given thing more clearly in
proportion as that thing is close to bare quantities as to its origins,
but the further a thing recedes from quantities, the more darkness
and error inheres in it."”

Was it an accident that the founders and patrons of the Rnyal
Sociely n I.E-IIiiﬂn—intlr.'t.'d some of the first E‘.':pBI‘iﬂlEIllEI‘ﬁ in Il'll!
}rli}'-ii_'ul selences—were merchants from lhE Clt}'? Llﬂg Chlﬂﬂ'ﬁ Il
might langh uncontrollably when he heard that these gentlemen hﬂd
spent their time weighing airs but their instincts were justified, 1{1ﬁr
]‘lt'm'f*cllllt: wags correct: the method il&f'u hﬂlﬂl‘lgﬁd to their mdh““‘f
and there was money in it, The power that was seience and tha-_m
that was money were, in final analysis, the same kind of power: the
power of abstraction, measurement, qﬂﬂ“ﬁﬁﬂﬁﬂm ML

But it was nat merely in the promotion of ahﬂ.rfut_ hlbﬂl of
thought and pragmatic interests and.qunntilal.'iveieatim.lﬂ_ﬂ!limgﬁ&-
talism prepared the way for modern technics. From the W
machines and factory prodm'.!'inn, like bi_g-guns.md I-ﬂlmtl"
direct demands for capital far sbove the small ldmm IOSESa iiﬁ"

provide the ald-style handicraft worker with tools or M‘ g

The freedom to operate independent workshops and factories, o us
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machines and profit by them, went to those who had command of
capital. While the feudal families, with their command over the land,
often had a monopoly over such natural resources as were found
in the earth, and often retained an Interest in glassmaking, coal-
mining, and iron-works right down to modern times, the new mechan.
:al inventions lent themselves to exploitation by the merchant classes,
The incentive to mechanization lay in the greater profits that could
he extracted through the multiplied power and elhiciency of the
machine.

Thus, although capitalism and technics must be clearly distin.
glli!-.llt'l.l at every stage, one conditioned the other and reacted upon
it. The merchant accumulated capital by widening the scale of his
aperations, quickening his turnover, and discovering new territories
for exploitation: the inventor carried on a parallel process by ex-
ploiting new methods of production and devising new things to be
produced. Sometimes trade appeared as a rival to the machme by
offering greater opportunities for profit: sometimes 1t curbed [urther
developments in order to increase the profit of a purticular monopoly:
both motives are still operative in capitalist society. From the frst,
there were disparities and conflicts between these two forms of ex-
ploitation: but trade was the older partner and exercised a higher
;ullhurit}'. It was trade that guthf-ri'tl up new materials {rom the
Indies and from the Americas, new foods, new cereals, tobacco,
furs: it was teade that found a new market for the trash that was
trned out by eighteenth century mass-production: it was trade—
ihetted by war—that developed the large-scale enterprises and the
administrative lf‘llpur'il‘_\-' and method that made it pu-h:i]rlr: to create
the mdustrial system as a whole and weld together its various parts,

Whether machines would have been invented so rapidly and
pushed <o zealously without the extra incentive of commercial profil
1s extremely doubtiul: for all the more skilled handicralt occupations
were dnﬂply entrenched, and the introduction of printing, lor ex-
ample, wos delayed as much as twenty years in Parvis by the bitter
apposition of the guild of seribes and copyists, But while technies
undoubtedly owes an honest debt to capitalism, as it does likewise
W war, it was nevertheless unlortunate that the machine was condi-
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tioned. at the oulset, by these foreign institutions and took on char-
acteristics that had nothing essentially to do with the technical proe-
cszes or the forms of work. Capitalism utilized the machine, not 1o
further social welfare, but to increase private profil: mechanical
instruments were used for the aggrandizement of the ruling classes,
It was becanse of capitalism that the handicraft industries in Loth
Furope and other parts ol the world were recklessly destroyed by
machine products, even when the latter were inferior to the thing
they replaced: for the prestige of improvement and success and power
wias with the machine, even when it improved nothing, even when
technically ,-ql'li_hul-;ing it was a failure. It was because of the ptl&ﬁi'
bilities of profit that the place of the machine was overemphasized
and the degree of regimentation pushed beyond what was necessary

i
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to harmony or efliciency. It was hecause ol certain raits in private
capitalism that the machine—which was & neutral agent—has often
seemed. and in fact has sometimes been, a malicious element in
cociety. eareless of human life, indifferent to human interests. The
I‘H:it"l]ilnt‘ has suffered for the sins of capitalism; contrariwise, capital-
‘em has often taken credit for the virtues of the machine.

By supporting the machine, capitalism quickened its pace, and
pave a special incenlive to preoccupation with mechanical improve-
ments: though it often failed to reward the inventor, it suceeeded by
blandishments and promises in stimulating him to further effort. In
many departments the pace was over-aceelerated, uurl_t.l'le stimulus
was over-applied: indeed, the necessity o prumule_cnntf:um.ll l‘h}}ﬂge!
and in!prrn-rnu-nl&. h‘hi{!h has been rhumﬁleriﬁlit: ol ::ap:tahr_.tm, .I:Iflt!'ﬂ'
duced nn element of instability into technics and kept sociely .fmm
assimilating ils mechanical improvements and integrating them in an
appropriate social pattern. As capitalism itsell htl_!i-. dm]opednuﬂf
expanded, these vices have in fact grown more ﬂﬂﬂmmﬂl.%lld'ﬂjﬁ
dangers to society as a whole have likewise grown pmporﬁmmm
Enough here to notice the close historical aESDtiittllm .ﬁ[ demn
technics and modern capitalism, and to pomt out ﬂlﬂt. Ior this
historical development, there is no necessary cunnuﬂi petweis)
them. Capitalism has existed in other uivﬂmm whick Ind _u.l_llll
relatively low technical development; and technics made steady im
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proyements from the tenth to the H.[lt‘.l‘lltl.l century u:ithout_llw special
incentive of capitalism. But the style ol fhr- T hine has up to the
ywerfully influenced l"Y ""P”*lllSm: the t‘ll'l])hil'-‘.l-» upon
inl trait; it appeared i guild halls
it was evident in lechmies, with its

28

present heen pe
higness, for example, 15 a commerc
and merchants’ houses long hefore

originally modest scale of operations,

5: Fram Fable to Fact
Meanwhile. with the transformation of the concepts of time and
4 change in the direction of interest from the heavenly

space went |
Around the twelfth century the supernatural

world to the natural one.
world. it which the European mind had heen enveloped as in a
cloud from the decay of the elassic schools of thought onward, began
to lift: the beautiful culture of Provence whose language Dante
himeelf had thought perhaps to use for his Divine Comedy, was the
first bud ol ”HT new order: a bud dt“?-[inl:fl_l to be EJ"..'iIL"."]% }vli;-:_f}lled
by the Alligensian crusade.

- Every culture lives within its dream. That of Christianity was one
in which a fabulous heavenly world, filled with gods, saints, devils,
demons, angels, archangels, cherubim and seraphim and dominions
and powers, shot its fantastically mognified shapes and imagzes across
the actual life of earthborn man, This dream pervades the life of a
citlture as the fantasies of night dominate the mind of a sleeper: it
i€ reality—while the <leep lasts, But, like the sleeper, a culture lives
within an elyjective world that goes on through its gleeping or waking,
and sometimes breaks into the dream, like a noise, 1o modily i
or to make further leep impossible,

B}' ! 5[”“‘ nalnrnl Process, Iht' wnrM of natiire bl‘{il‘:l'? 111 upon EIIE‘
medieval dream of hell and paradise and eternity: in the fresh
naturalistic sculpture of the thireenth century churches one can
witlch the first uneasy stir of the sleeper, as the light of morning
strikes his eyes. AL first, the crafltsman’s interest in nature was a
vonfused one: side by =ide with the fine carvings of oak leaves and
hawthom spruys, faithiully copied, tenderly arranged, the sculptor
still vreated strange monsters, gargoyles, chimeras, legendary beasts.
But the interest in nature steadily broadened and became more cons

CULTURAL PREPARATION g

suming. The naive feeling of the thicteent century artist turned mto
the systematic exploration of the sixtesuth century botanists and
l;]g}'uj-.llu;_',i-l'n

“In the Middle Ages,” as Emile Male said, “the idea of a thing

which a man formed for himself was always more real than the actual
thing itself, and we see why these mystical cemturies had no con-
ception of what men now call science. The sudy of things [or their
own sake held no meaning for the thoughtiul man. . . . The wsk
{or the student of nature was to digcern the eternal truth thar Gad
would have ea h l+|11|‘l.; t'\.llr¢'?~.-." In t"f-l';il}iltg this Lll_liil_[[]{'_" the yulgﬂr
had an advantage over the learned: their minds were Jess rul_ml,.lt-_
of foroing their own shackles. A rational common sense interest in
Nature was not o product of the new classical learnimg of the Renas.
cenee: rather, one must savy. that a lew centuties alter it had lluu;r-
i-ltr-il amaong the lnur.-.u'rl— Al tlur MAsoOns, it !thnit‘ its way l.l'!;' &Ili.ﬂhﬂf
route into the court and the sudy and the university, Villard de
Honnecour! s notebook, the pred HTE lm]m*-! of a greal master-prison,
has drawings ol a bear, a swan, a ,‘f.l';l-r":*llﬁ]li'}t'r, i ﬂ}', 4 Ilmgtmﬂ}', n
lohster, n lion and a pair of parroquets, all done direetly from life.
The hook of Natute reappeared, as in a palimpsest, through the heay-
enly book of the Word.

During the Middle Ages the external world had had no conceptual
hold upon the mind. Natural facts were insignificant compared with
the divine order and intention which Christ and his Churclt had
vevealed: the visible world was merely a pledge amd a symbol ol
that Eternal World of whose blisses and damnabions it gave such
keen foretasie. People ate and drank and mated, basked in the st
and grew olemn under the stars; but there was little meaning in this
immediate state: whatever significance the iems of daily life had
Wwils as slage A¢CessnriIes ami castumes ﬂﬂd ﬂ!hﬂﬂl‘ﬁﬂ'l! {D[ t]‘lﬂidfml‘
of Man's pilgrimage through eternity. How far could the Ilﬂtldl.ﬂ
in scientific mensuration and observation as lm_g'.ﬂi.lhﬂ mystic m"
bers three and four and seven and nine and twelve filled Ml&'
tion with an allegorical significance, Before the Squences mw
could be studied, it was necessary to disvipline the imagination an

. e

sharpen the vision: mystic second sight must be converted into faotul
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tirst sight. The artists had a fuller part in this discipline than they
have usually been credited with. In enumerating the many parts of
nature thﬂt.cannot be studied without the “aid and intervening of
mathematies,” Francis Bacon properiy includes perspective, musie,
srohitecture, and engineering along with the sciences of astronomy
and cosmography.

The chanuge in attitude toward nature manifested itselt in solitary
figures long hefore it became common. Roger Bacon's experimental
precepts and his special researches n optics have long been common.
place knowledge: indeed, like the scientific vision of his Elizabethan
namesake they have been somewhat overrated: their signihicance lies
in the fact that they represented a general trend. In the thirteenth
century, the pupils of Albertus Magnus were led by a new curiosity
to explore their environment, while Absalon of St. Victor complained
that the students wished to study “the conférmation of the globe, the
nature of the elements, the place of the stars, the nature of animals,
the violence of the wind, the life of herbs and roots.” Dante and
Petrarch. unlike most medieval men, no longer avoilded mountains
as mere terrifying obstacles that increased the hardships of travel:
they sought them and climbed them, for the gxaltation that comes
from the conquest of distance and the attamment of a hird’s-eye
view. Later. Leonardo explored the hills of Tuscany, discovered
fossils, made correct interpretations of the processes of geology:
Agricola, urged on by his interest in mining, did the same. The
herbals and treatises on natural history that came out during the
fifteenth and sixteenth centuries, though they still mingled fable
and conjecture with facl, were resolute steps toward the delineation
of nuture: their admirable pictures still witness this. And the little
books on the seasons and the routine of daily life moved in the same
direction. The great painters were not far behind. The Sistine Chapel,
no less than Rembrandt’s famous picture, was an anatomy lesson, and
Leonardo was a worthy predecessor 1o Vesalius, whose life overs
lapped bis. In the sixteenth century, according to Beckmann, there
vere numerous private natural history collections, and in 1659 Elias
__i‘f-_‘ia_- e purchased the Tradescant collection, which he later pre:
sented to Oxford.
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The discovery of nature as a whole was the most important patt
of that era of discovery which began for the Western World with
the Crusades and the travels of Marco Polo and the southward ven-
tures of the Portuguese. Nature existed to be explored, to be invaded,
to be L'nnquun:cl. and ﬁnally. 16 be understood. Diﬁsul-ving, the medie-
val dream disclosed the world of nature, as a lifting mist opens 1o .
view the rocks and trees and herds on a hillside, whose existence had
Lbeen heralded only by the occasional tinkling of bells or the lowing
of a cow. Unfortunately, the medieval habit of separating the soul of
man {rom the life of the material world persisted, though the theology
that supported it was weakened; for as soon as the procedure of
exploration was definitely outlined in the philosophy and mechanics
of the seventeenth century man himself was excluded from the pie
rure. Technics perhaps temporarily profited by this exclusion; but
in the long run the result was to prove unfortunate, In attempting
to seize power man tended to reduce himself to an abstraction, or,
what comes to almost the same thing, to eliminate every part of
himself except that which was bent on seizing power,

6: The Obstacle of Animism

The great series of technical improvements that began touryﬂflr
lize around the sixteenth century rested on & mﬂﬂn 0‘&’
animate and the mechanical. Perhaps the greatest difficulty illlih
way of this dissociation was the persistence of inveterate hahits i
animistic thinking. Despite animism, such dmmﬂmhﬂ' 'w_#zl
been made in the past: one of the greatest ofm_ﬂ; W e
mvention of the wheel. Even in the relatively M :
of the Assyrians one secs rﬂpl‘tmlﬁtiﬂﬂ.ﬂf_ﬁ[ greal st S
across bare ground on a sledge. DOHMW&' 4 .
came originally from ohserving that mﬂins & log 1 e
shoving it: but trees existed for untold years anc T LEEr
trees had gone on for man’fﬂiﬂmd‘* e
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ship to hehave like a living creature, it wits III'T-J.IH impossible 1
isﬂl.lll? as a lltl_’{"mlljt'ill Huluen(-n t}].'_‘ :-[u:rin] lunction one :“"5“13111 to
serve. JI.I.‘-[ as l]IE'. !.‘:gypti'rlll \,-;Ul'.klll;lll. when he made the lt‘g of a
chair. fashioned it to represent the leg ot a bullock, so the degsite
na'h'tr-l}' LO I'(!]?ll‘{.ll_hli_'l" the Ol'gani(‘. and to I‘Hlljlll'l" np ;_:j.'mlw-; and djjllnu
for power, instead of contriving their abstract equivalent, retarded
the development of the machine. Nature often assists in such abstrae.
tion: the swan's use of iis wing may have suggested the sail, even
as the hornet’s nest suggrried paper. Conversely, the lm.{j.- 1self is
4 sort of microcosm of the machine: the arms are levers, the lungs
are bellows, the eyes are lenses, the heart is a pump, the fist is g
hammer, the nerves are a telegraph system connected with a centrgl
station: but on the whole, the mechanical mstruments were invented
ln-'[t.’l-l'ﬁ ’lhf.‘ Ilh}*'ﬁinlugilﬂ;ll flllliftil'll'l!} were .'.'n‘t'll:r'.tlr_*"'.' llt‘hl'ri}'ll‘t]. The.
sl iﬂi‘.‘irf’L‘lil‘t_‘ I-'.illd l'lf Hl:ll‘}]illt'_' 18 ”Il‘ f'f*uf!";f“‘ ll]["']Lilli*'ill ['”]i“ui"“
of & man or another animal: technics remembers Vaucanson for his
lnnm, I‘.]'Ihl?l' llhlﬂ fuI ]tir— lil'r“l]‘l\'i' ]‘I‘H"I'E].i”ih'.ti til!' L, \'-ll!i']! nol HH'I'L"I}’
ate food but went through the routine of digestion and excretion.
The Dl‘ig.:l_l"ll]l advances in modern technics hecame |m.-'-r-il)le ﬂ‘ﬂ].]n'
when a mechanical system could be isolated from the entire tissue
of relations. Not merely did the first airplane, like that of Leonardo,
atlempt to reproduce the motion of birds’ wings: as late as 1897
Ader's batlike airplane, which now hangs in the Conservatoire des
Arts et Métiers in Paris had its ribs fashioned like a bat’s hody,
and the very propellers, as if to exhaust all the zoological possi-

hilities, were made of thin, split wood, as much as possible like birds’

feathers, Similarly, the belief that reciprocating motion, as in the

| movement of the nrms and legs, was the “natural™ form of motion

was used to juﬂlif’f nmmﬁilitm o the original 1‘-'rnr+‘plinr1 of the

| turhine. Branca’s plan of a steameengine at the beginning of the

.' seventeenth century showed the boiler in the form of the head and

torso of & man. Circular mation, one of the most ugeful and frequent

attributes of a fully developed machine is, curiously, one of the least

observable motions in nature: even the stars do not describe a circular

| course, and excepl for the rotifers, man himself, in oecasional dances
Ly and handsprings, is the chief exponent of rotary motion.

ability to dissociate lifting power from the arm and create a erunes
to dissociate work from the action of men and animals and crente

e
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The specific triumph ol the technical imagination rested on the

the water-mill: to dissociate light from the cumbustion of wood and
oil and create the electne lamp, For thousands of years animizm
had stood in the way of this development; for it had convesled the
entire fnce of nature behind a scrawl of human forms: even the stars
were grouped together in the living higures of Castor and Pollux or
dhe Bull on the faintest points of resembluance, Life, not content with
ils own province, had flowed incontinently into stones, rivers, stars,
and all the natural elements: the external environment, because it
wis 5o immediately part of man, remained capricious, mischievous,
a reflection ol his own l]i:-‘l‘ll‘ilt?l't’*.l] Urges .iﬂ‘lil fears.

Since the world seemed, in essence, animistic, and since thess
externil’ powers thireatened man, the ulil}‘ I]‘Iﬁlhul.i of escape that
his own W H‘I.{.-..lmm‘r conld {ollow was t‘.il}u!l' the di'ét'ilﬂ.iﬁf ﬂt lht
self or the congquest of other men: the way of rﬂiglun or the way
of war. 1 hall discuss, n another place, the special contribution
1.[1;1'[ the techngue and animus of warfare made 1o the deyelopment
of the machines; as for the discipline of the personalily it was ussmf-
tially. during the Middle Ages, the province of the Church, and it
]Lu-:l gone {arthest, nf course, not among lllf: pﬂl!ﬂrﬂli .ﬂnd mﬂﬂ$ |
still clinging to essentially pagan wiays of lhl}llglll, with “hi?h. |
Church had e u_in-;hr-:-nly uv.':mprumisud: it had gone farthest m the

]

__________

monasteries and the universities, 1 -

Here animism wWas cxlrmlr-d bj’ A SeNse of !.hc ﬂl!’lﬂwﬁ@ Gf a
single Spirit, refined, by the very eulargefngtn ol Hu' dﬁha:‘ﬂ]h:a
an}: cemblance of merely human or ammahl ct;plﬂlﬂ:ﬁ- m
created an ﬁr-lf'rl}' wnth alld ilis Law pmvfﬂ;‘d m Itk %;'m Tl
perhaps inscrutable; but they were not -I.‘:apﬂtiﬂl_lﬁ. .d;ﬂ' Wit wﬁ
of the religions life was 10 create an attitude of humility h‘_' .__“d. |
orld he had created. I{ the W -.'..!;*'

WAYS aof God and the w "y _ i -ﬁ':,f o
of the Middle Ages remained superstitious and ani e

- . y o anti-A e SIS
ph}'!‘wiml doctrines of the bChﬂUl“fn were 10 h; _._ ‘ ::j?._ he
gist of the matter was that God's world was A
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14 TECHNICS AND CIVILIZATION
The meaning of this division did not fully become apparent untj]
e Schoolmen themselves had fallen into disrepute and thejr iy,
heritors, like Descartes, had begun to take advantage of the ¢]g
breach by describing on a purely mechanical basis the entire worlg
of nature—leaving out only the Church’s special province, the soy]
of man. It was by reason of the Church’s belief in an orderly inde.
pendent world, as Whitehead has shown in Science and the Moderp
World. that the work of science could go on so confidently, The
humanists of the sixteenth century might frequently be scepties ang
atheists, scandalously mocking the Churd h even when they remained
within its fold: it is perhaps no accident that the serious scientists
of the seventeenth century, like Galileo, Descartes, Leibniz, Newton,
Pascal, were so uniformly devout men. The next step in development,
partly made by Descartes himself, was. the transfer of order from
God s the Machine. For God became in the eighteenth century the
Eternal Clockmaker who, having conceived and created and wound
up the clock of the universe, had no further responsibility until the
machine ultimately broke up—or, as the ninetecnth century thought,

until the works ran down.

The method of science and technology, in their developed forms,

implies a sterilization ol the self, an elimination, as far as possible,
of the human bias and preference, mecludmmg the human pleasure in
man s own image and the instinctive beliefl in the immediate presen-
tations of his fantasies. What better preparation could a whole cul-
ture have for such an effort than the -]‘.Ir[';n] al the monastic sysiem
and the multiplication of a host of separate communities, dedicated
to the living of a humble and self-abnegating life, under a striet rule?
Here, in the monastery, was a relatively non-animistic, non-organic
world: the temptations of the body were minimized in theory and,
despite strain and irregularity, often minimized in practice—more
often, at all events, than in secular life. The effort to exalt the indi-
vidual sell was suspended in the collective routine.

Like the machine, the monastery was incapable of self-perpetuation
except by venewal from without, And apart from the fact that women
were similarly organized in nunneries, the monastery was like the
army, a strictly masculine world. Like the army, again, it sharpened

dl B8l1 Was suspended in the collective roiline.

CULTURAL PREPARATION 3

and disciplined and focussed the masculine willto-power: a sue
Cif“:'i“" ol n]'llil!l ry leaders cama from the 1'f_*]iginu;:. 'E'H"iif‘l":"-. Whill: the
leader of the order that exemplified the ideals of the Counter-Refor
umti()n b(-g;m }Iirh llfr_' as a *Old_if‘l'. Une Of ﬂlﬂ ﬁr-_ﬂt Et]'iﬂﬂmemu],
ccientists, Hoger Bacon, was a monk; so, again, was Michael Stifel,
Wh" i |:,1 1 p,']ll(fnt'li l}ll* us=g tlf :-.‘!p'lll}ll]l‘i-‘u In u]gl:hrﬂitr t'illl.ll,iﬂlli: l_he
monks stood high in the roll of mechanies and inventors, The spiritual
]'-‘ititil'ﬂ‘ of the monastery, il it did not pf.\-ili‘iﬁFh' favor the mm:h]ne_
at least nullified many ol the influences that worked againet it And
unlike the similas discapline of the Buddhists, that of the Westemn

monks gave rise to more fertile and complex kinds of machinery than

prayer wheels. |
In still another way did the institutions aof the Church perhaps
prepare the way for the machine: in their contempt for the body.
Now respect 1or the body and its organs is deep in all the clussic
cultures ol the past Sometimes, n being imaginatively projected,
the body may be +]i‘|'lldntr_-il .‘-‘_i.fnlhl)lii_dl]}' llju‘ the pari=s or argans of
another- animal. as in the Egyptian Horus: but the substitution i
made for the suke ol intensifying some organic quality, the power
of muscle. eve, genitals. The phalluses that were carried n &
I'i.'llig;.nln ]-!'un“w-~~‘~i1n| wWere grrdlt_‘r and more pl]hET'[Tl]., ]1‘_\' refirescn-
tation, than the actual human organs: so, 100, the images of the
gods might wain heroic size. to accentuate their vitality, The whole
old cultures tended to emphasize respect for the

ritual of life in the |
bml\ umi {0 .!m:'“ on 115 bt-ulllit'-: ;11111 dvligﬂ‘ntn: even tl'u:- munk-.e wlm

Ajanta caves of India weve under its spell, The cuﬂ:mnf:-
ment of the human form in sculpture, and the care of the body in
alestra of the Greeks or the Laths of the Romans, re-enforeed
this inner feeling for the organic. The ]cgt’:ud abioul thru!;m
1 }nlir:ﬁ the horror and the résentment that classie pt‘ﬂ]ﬂt’!ﬁ fel_l against
the mutilation of the body: one made beds to fit human beings, one

id not chop off legs or heads to fit heds. -
dl('irll:i: .+:l'|;'jul;t|iw- i:-m{- of the body surely never disappenreﬂi even

st trivmphs of Ch rishianity: every new pair ?{ lnwﬂ
t Iin each other, 'Slnﬁhﬂ)’.

g the Middle Ages was &

p;linl:wi. the
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dHI'iIIg the severe
recovers it through their physical deligh
the prevalence of gluttony as a sin durin

did not ¢cnopn o
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witness to the importance ol the belly. B the syslematie h'iu-f““m
al the ( hurch were directed against the body and its eulture 2l op
one lhlll(l 1t wa= 3 T:*mp]r ol th(:‘ H-ll\ (zhost, 11 was """' Vile ,-”“I
il h}' nature: the flesh tended to ,~.1|'|‘.Il1lli4*lnl...Hlnl Lo aehinve (e
pious ends of life one must mortily it and subdue it, l(““-"l_‘l'li”g s
"I_’I"'Iil'“' l_._1,,- j'_utiug and abstention, Stuch was the letter of the
Churel's teaching; and while one cannol suppose that the mass of
humanity kept close to the letter, the lecling against the hody’s
t.\ll)“.,”]fr:_ s uses, 1ts celebration, was there,

While public hath houses were common in the Middle Ages. con.
trary Lo the e'ljjllll}.}ll'l'l][ il]l*t'!'ﬁljli--ll that developed aflte; the Renge.
.-r*nr-r abandoned them. those who were truly holy neglected 1o bathe
Lhe hody : tllrj.' chated their skin n hair shirts, thes %a'H!*[)t‘(,l them.
splves, |ht"_{ timed their cyes with charitable interes| Hpen the sOTe
and leprous and deformed. Hating the hody, the orthodox minds of
the Middle Ages were prepared to de it violence. Instead of resent.
in;_: I]u,“ Hl.il"illlr-‘ that cotlld counterien this or that action of tlu_-
hml!.'. they could welcome them. The forms of the machine were no
more lt}__{]\' 0ar rt'['lu'ln'i\.'r- than the bodies of |'|J'||f'].r d and battered men
and women, or, il they were repulsive and ugly, they were that much
[urther away from being a temptation to the fesh. The writer in the
Nirnberg Chronicle in 1398 might say that “wheeled engines per-
i'urming strange lasks and shows and lollies come dires If {rom the
devil™but in spite of isell, the Church was creating devil's
diseiples.

The fact is, at all events, that the machine came most slow lv nto
agriculture, with its lifecconserving, life-maintaining functions, while
it prospered lustily precigely in those parts of the environment where
the body was most infdmnua}}f treated by custom: namely, in the
monastery, in the mine, on the battlefield.

7: The Road Through Magic

Between fantasy and exact knowledge, hetween drama and tech-
nology, there is an intermediate station; that of magic. It was in
mngiﬂ thut the ﬁE“ﬂ'"ﬂl condguest of the external environment was
decisively instituted, Without the order that the Chureh provided
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l]]e ! '“"l'”i:"” would }mnihl}' hove heen lliltliilikﬂlﬂl_'; iml Withﬂu[ ﬂ!ﬂ

wild, cerambled daring of the magicians the fivst positions would not

have heen taken. For the magicians not only believed in muarvels st

~udaciously sought to work them: by their straining after the exXeep:
tional, the natural philozophers who followed them were fira given
a clue to the regular.

The dream ol conquering nature is one of the aldest that has
flowed and ebbed inm m's mind. Each great epoch n human history
i wlhich pligs W 1 has found a l.ul*iliu' outlet marks A rise in ]'I!ll‘n.'l'l'l

oti Lt ree and a permanent contrilistion to man's !'-I“Ti"l'lr'l'l‘}' and well-

IH,IHJ,.* i-'|..:1!.'T|'f- L=, IIH' l”"'l"ll!li},"f'i'. ‘.'leHl]'- al tllF I.I'l‘iII”l”i'llg 'l'.'lf mﬂ['l'ﬁ

“”."]”*“l tor hire not merely Hh‘l*lf’. ]n:*--i]*lt_‘ lh[‘ easier tligl'ﬁﬁljn of

1'”m].__ Lt 11 fHames l-.zlll ol ].-ir'l].ilnlj.' ;1llill'.l.;ll"-. ﬂml uruum‘l ll‘lﬂ
warmth of it, during the colder seasons of the year, an setive soeial
life became possible, beyond the mere huddle and vacuity of the
winter's sleep. The slow advances in making tools and weapons and
atensils thal marked the earlier stone Iu'rmll-.a were i pt:dr-stﬁnn
conquest of the environment: eaing by inches.  1n the neolithic period
eat lift, with the domestication of plants and animals,

the making of orderly and eflective astronomical observations, and
l]w -}_n'r-_u] 0l 4 ]lllli\'i']'_'. 1--~.11'-i~ful bi!:'.--wli.uno 4.'i\'1]t?.kﬂlnn 1t man}‘
]nm|.~: :v+‘r+;ii:alr-1i avelr the 11].1”!'!. }‘“ll"*‘*l"l‘lill\illp. 1F[il'lllllll‘l.‘. Pﬂ“l.‘l"‘!.
.‘Iifl'{}lllll]“ﬂ CWEere mirve llous collective }I'fni[.lb: dominations rather lllﬂll
For thousands of years men must have dreamed, vainly,

came the first g

Ji].l!l!.’lill'!'”'?‘.
n{ further short-culs .Hlti i'l'!lll'i!lﬁ'. - .
Bevond the greal and ]u'rh:lp&i l‘(‘lﬂli“‘l)‘ ahnrt pnrmd ﬂf lll!ﬂl_lﬂliﬂ
inverntion the advances, up ) lhl.' lt'llih I.'.i:'l.‘lhll"_i‘ l‘.lr[ Our OwWn o era, hlﬂ
heen relatively _~i|'r.||1 t"'l:['f"'rl'l in the 1use l.lf melalﬁ. _Bllt the hﬂ;ﬂ

of some lirget t‘-ltl'llif'ﬂ. s0me more Flillil;lﬂ'lﬂl’ﬂﬂl .I'E'F-El'?ﬂ.l ﬂ'f m"“-".

Ili'.'[ll"l'llt“'l'll 'll*]f']i”“ ul}u” a I'Hll['p“f"ﬁ._‘- ﬂ"li iltdiﬁt‘fﬂll tmmﬂ:l'#ﬂﬂ
continued to haunt his dreams and even his pru__k'cl';‘ﬂ the ":5 e
(aity storics are a testimony to his desie for plenitude and power

l-l'l'l‘ {l'l"l dam nf movemenl lil'll'l l!.'ilglh ﬂ{ dﬂ}"'

Looking at the bird, men dreamed of Might: _llﬂl‘hﬂ{l'-" 0'-“3 “ﬁt _
. envies and desites: Daedalus among
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most universal of man’s Ty
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say nothing of Rah and Neith, Astarte and Psyche, or the Angg

nothing ol A \ | s
of Christianity. In the thirteenth century, this dream redappeayy)

pl'f_rphr.lurﬂlly in the mind of Roger Bacon. The flying carpet of the
Arabian Nights, the seven-leagued boots, the wishing ring, were u]i
evidences ol the desire to fly. to fravel fast, to diminish space, to
remove the obstacle of distance. Along with this went a fairly gp.
stant desire to deliver the body from its ihrmities, from its ﬂlrly
aging, which dries up its powers, and {rom the diseases that threaten
liff even ill tllrf lllldr-l ul‘ t‘i;._.ijlu Lllni ‘.nlllh. r“lr‘ pmiv [y he 'iﬁﬁncd
as beings of somewhat more than human stature that have these
powers ol I]Ef‘_ﬁ'lll;:' space and time and the l'_'H:]i._' ol J."_{_l."{l'.ﬁ."th and
[1(‘1‘;!}.’: even I t}‘u* (:llr'ir-li&ll Il*}_‘_l'l'u] lln' ability to make lhe lame
walk and the hlind see is one of the proofs of godhood, Imhotep and
:J*.Pii"!ll;t]'iil_l:‘a. lei.‘ reason ol I]'-r‘il' ;Lil] i the medical a r'ts, were l‘aised
into deities by the Egyptians and the Greeks. Oppressed by want
and :'-tdr'-;lliun, lh-ﬂ dream of the horn ol ]-!rill\.' and the E'cll"l.lll}'
Paradise continued o haunt man.

It was in the North that these myths of extended powers took on an
added firmness, perhaps, from the actual achievements ol the miners
and smiths: one remembers Thor, master of the thunder, whose magic
hammer made him so potent: one remembers Loki, the cunning and
mischievous god of fire: one remembers the gnomes who created the
magic armor and weapons of Sjegfried—Ilmarinen of the Finns,
whe made a steel eagle, and Wieland, the fabulous German smith,
who made feather clothes for flight. Back of all these fables, these
collective wishes and utopias, lay the desire to prevail over the brute
nature of things.

But the very dreams that exhibited these desires were a revelation
of the difficulty of achieving them. The dream gives direction to
human activity and both expresses the inner urge of the arganism
and conjures up appropriate goals. But when the dream strides too
far shead of fact. it tends to short-circuit action: the anticipatory
subjective pleasure serves as a surrogate for the thought and con:
{rivance and action that might give it a foothold in reality. The dis
embodied desire, nnconnected with the conditions of its fulfillment
or with its means of expression, leads nowhere: at most it contributes

—'h-.‘ ._.iJ - L] > - . e _—
uman ascefivilye and hoth expresses the inner Urge ol e U e e -
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to an inner equilibrium. How difficult was the diseipline requited
before mechanical un-unti_uu became possible one sees in the part
played by magic m the fifteenth and sixteenth centuries.

Magic, like pure fantasy, was a short cut to knowledge and power,
But even in the mosl primitive form of shamanism, magic involves
a drama and an action: il one wishes to kill one's enemy by magic,
one must al least mould & wax ligure and stick pins into it; and
similarly, if the nee d for gold in early capitalism promoted a grand
quest for the means of transmuting base metals into noble ones. it
was accompanied by fumbling and frantic attempts to manipulate the
axternal environment. Under magic, the experimenter scknowledged
that it was necessary 1o have a sow’s ear hefore one could make a
silk purse: this was a real advance toward matter-of-fact, “The
operations, s Lyna Thorndike well says of magie, “were supposed
to be efficacions here in the world of external reality™: magio pre-
supposed & public demonstration vather than a merely private grati-
fication.

No one can pul his ﬂngﬂr on the plll'f‘.ﬂ' where mngif: hecame
science, where empiricism becane syslemalic experimentalism, whete
alchemy became chemistry, where astrology became astronomy, in
short, where the need for immediate human results and gratifications
ceased 1o leave its smudgy imprint. Magic was marked above all
perhaps by two anscientific qualities: by secrets and mystilications,
and by a certain impatience for “resulis.” According to Agtii‘.'ﬂll_
he transmutationists of the sixteenth century did not hesitate to con-
cenl gold in a ]n'Hn'l of ore, in order o make their Expeﬁrﬂﬁﬂl'mﬁﬁ
out successfully : similar dodges, like a concealed clock-winder, were
used in the numerous pi‘rpumul motion muchines that were pul

.. Ik

forward. Evervwhere the dross of frand and charlutanism

with the occasional grains of seientific knowledge that magic utilized
or produced. . L

Rut the instruments of research were l:"-_Bi!E]Q]_.\.ﬂd- l.‘lﬂfl'!l ‘-:*. J;_'
of procedure was found: and if gold did not mﬂ!ﬂh -1:_-"-‘: .| i
the experiments of the alchemists, they aze nol to be re e
their ineptitude but congratu luted on their audacitys & P
tions sniffed quarry in o cave they could not penetrate, Ui

nr !H‘l'l!ll.:lﬂl"f'l
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nally called the hunters 1o the <pot. H””"""l!ing

40

baying and pointing i
- A 1 fl 1‘

are important than go : i of '
¥ : and the furnace and the alembic: the hahit of manipy.

| came out of the reseairches of the alchem.

ists: the retort : b _
lation by crushing, grinding, firing, distilling, dissolving—valuable

apparatus for real experiments, valuable methods for real science.

The source ol authority for the
ﬂl-‘: F'Hhi.‘l‘s ol the l:hurch: tllt"}' l'l-:]ird upan what thei ]Lllu[n i".ﬂlhl

do and thear eyes could see. with the aid of mortar and l”"‘“l' and
furnace. Magic rested on demonstration l.:_l””.!-‘”““ -Imh-r:ﬂn-; more
than anything else, perhaps, except painting, it released European
thought from the tyranny of the written text.

In sum, magic turned men’s minds 1o the external world: it sug-
gested the need of manipulating it: it helped create the tools for
successfully achieving this, and it sharpened observation as to the
results. The philosopher's stone was not found, but the science of

magicians ceased to be Aristotle ang

chemistry emerged, to enrich us far bevond the simple dreams of
the gold-seekers. The herbalist, zealous 1n his quest for simples and
cure-alls, led the way for the intensive explorations of the botanist
and the physician: despite our hoasts ol accurate coal 1ar drugs, one
must not forgel that one of the few genuine specifics in medicine,
quinine, comes {rom the cinchona bark, and that chaulmoogra oil,
used with success in treating leprosy, likewise comes from an exotic
tree. As children’s play anticipates crudely adult fife, so did magie
anticipate modern science and technology: it was chiefly the lack of
direction that was fantastic: the difficulty was not in using the instru-
ment but in finding a field where it could be applied and finding the
right system for applying it. Much of seventeenth century science,
though no langer tainted with charlatanism, was just as fantastie, It
needed centuries of systematic effort 10 develop the technique which
has given us Ehrlich’s salvarsan or Bayer 207, But magic was the
bridge that united fantasy with technology: the dream of power with
the engines of fulfillment. The subjective confidence of the magicians,
!ﬂkiﬂg to inflate their private egos with boundless wealth and mys-
levious energies, surmounted even their practical failures: their
 fiery hopes, their erazy dreams, their cracked homunculi continued
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to gleam in the ashes: 1o have dreamed so riotously was to make the
technics that {followed less incredible and hence less impossible.

a: Social Hr-;imr.'rnulinn

If mechanical thinking and ingenious experiment produced the
I"IL'H“I[IH', 1‘1_';:|:|ur'1|[.|[ilr|| Eove it a sl to grow mn: l]lt! El:u‘-iut pProcess
worked hand in hand with the new illl:uhlgjf and the new h!Cl'll‘liEB.
l.'.”l]‘_' Lhefore the llt'npll'r- of the Western World turned 1o the D]ﬂﬂ]]illﬁ.
mechanism ag an element o social lile had come mto existence.
Belore inventors ereated engines io take the place of men, the leaders
of men had drilled and regimented multitudes of human beings: they
had discovered how to reduce men to machines. The slaves and
peasants who hauled the stones {or the pyramids, pulling in thythm
to the crack of the whip, the <laves working in the Roman galley,
each man chained to his seat and unable 1o perform any other motion
than the limited mechanical one, the order and march and syslem
of attack of the Macedonian phalanx—these were all machine
phenomena. Whatever limits the actions and movements of human
beings to their bare mechanical elements belongs to the physiology,
if not to the mechanies, of the machine age.

From the filteenth century on invention and regimentation worked
reciprocally. The increase in the number and Kinds of machines,
mills, puns, clocks, lifelike automata, must have suggested mechanis
cal attributes for men and extended the analogies of mechanism to
more subtle and complex organic fucts: by the seventeenth century
this tirn of interest disclosed itsell in philosophy. Descartes, in
analyzing the physiology of the human body, remarks that its fune
tioning u.lr;m rt from the guidance of the will does not “appear &l‘_ﬂ- B
sirange (o those who are ﬂcqu.ainlud with lllt‘: varialj'- .Df M
performed by the different automata, or moving machines fubricated
by human industry, and with the help of but & few plm

with the great multitude of bones, nerves, arteries, veins, and ‘I:;‘T]:-;-.“:
parts that are found in the body of each animal, Sunl_m pers : s will
look upon this hody as a machine made by the hand W! ' I'I."
the opposile process was also true; the medﬂﬂiﬂﬁﬂmd ""-—t_J'i; i
prepared the way for mechanical imitations.

| {1 i e g --I- '- -I._ -—..t .-n-n---.— — I—-‘--—r —.LIM- ------- - - l'r



a2 TECHNICS AND CIVILIZATION

To the degree that fear and disruption prevail in society, men tend
to seek an absolute: il it does not exist, they project it. Regimentation
gave the men of the period a finality they could discover nowhere
else. If one of the phenomena of the breakdown of the medieval

order was the turbulence that made men freebooters, discoverers,
pioneers, breaking away from the tameness of the old ways and the
rigor of selfimposed disciplines, the other phenomenoun, related
to it, but compulsively drawing society into a regimented mould, was
the methodical routine of the drilimaster and the book-keeper, the
soldier and the burecaucrat. These masters of regimentation gained
full ascendency in the seventeenth century. The new bourgeoisie, in
counting house and shop, reduced life to a careful, uninterrupted
routine: so long for business: so long for dinner: so long for pleasure
—all carefully measured out, as methodical as the sexual intercourse
of Tristram Shandy's father, which coincided, symbolically, with
the monthly winding of the clock. Timed payments: timed contracts:
timed work: timed meals: from this period on nothing was quite
free from the stamp of the calendar or the clock. Waste of time
became for protestant religious preachers, like Richard Baxter, one
of the most heinous sins, To spend time in mere sociability, or even
in sleep, was reprehensible.

The ideal man of the new arder was Robinson Crusoe. No wonder
he indoctrinated children with his virtues for two centuries, and
served as the model for a score of sage discourses on the Economic
Man. Robinson Crusoe was all the more representalive as a tale
. not only because it was the work of one of the new breed of writers,
the professional journalists, but becanse it combines in a single set-
ting the element of catastrophe and adventure with the necessity
for invention. In the new economic system every man was for him-
self, The dominant virtnes were thrift, foresight, skillful adaptation
of means, Invention took the place of image-making and ritual;
experiment took the place of contemplation; demonstration took the
place of deductive logic and authority. Even alone on a desert island
the sober middle class virtues would carry one through. . . .

Protestantism re-enforced these lessons of middle class sobriety
and gave them God's sanction, True: the main devices of finance
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were a product of Catholic Europe, and Protestantism has received
undeserved praise as a “"“"'-“5"5 force from medieval romine and
undeserved censure as the original source and spiritual justification
of modern capitalism. But the peculiar office of Protestantism was
to unite finance to the concept of a godly life and to tum the
asceticism countenanced by religion into a device for concentration
upon worldly goods and worldly advancement. Protestantism rested
firmly on the abstractions of print and money. Religion was to be
found, not simply in the fellowship of religious spirits, connected
historically through the Church and communicating with God through
an elaborate ritual: it was to be found in the word itself: the word
without its communal background. In the last analysis, the individual
must fend for himself in heaven, as he did on the exchange, The
expression of collective heliefs through the arts was a snare: so the
Protestant stripped the images from his Cathedral and left the bare
stones of engineering: he distrusted all painting, except perhaps
portrait painting, which mirrored his righteousness; and he looked
upon the theater and the dance as a lewdness of the deyil, Life, in all
its sensuous variety and warm delight, was drained out of the
Protestant’s world of thought: the organiec disappeared. Time was
real: keep it! Labor was real: exert it! Money was real: save it!
Space was real: congquer i it! Matter was real: measure it! 'Emn
were the realities and the imperatives of the middle class ,'_' 0
Apart from the surviving scheme of divine salvation all its iny
were already put under the rule of weight and measure and

day and lile were completely regimented. In the eighteenth m
Benjamin Franklin, who bad perhaps been anticipated by ﬂiﬁ

capped the process by inventing a system of moral book-ke
How was it that the power motive became isolated lﬂd

toward the elose of the Middle Ages?
Each element in life forms part of a clﬂlﬂm-l mdf

implicates, restrains, helps to express the other. Durin ;FH, -u' . ,
the mesh was broken, and a fragment escaped mll w |
on a separate career—the will to dominate ﬂmm ronment. To di
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nate, not to cultivate: to seize power, not to achie "*'-'-".'"-'-‘-'7-:-"-;'5' af

plainly, embrace a complex series of events in such simpl
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alone. Another lactor in the change may have heen due to an intengi-
fied sense of inferiority: this perhaps arvose through the humiliating
disparity between man's ideal pretensions and hie veal accomplich.
ments—hetween the charity and peace preached by the Church and
its eternal wars and feuds and animosities, between the holy lile as
preached by the saints and the lascivious life as lived by the Renascence
Popes, between the belief in heaven and the squalid disorder and
distress of actual existence. Failing redemption by grace. harmoniza-
tion of desires. the Christian virtues, people sought, perhaps, to wipe
out their sense of inferiority and overcome their frustration by seek-
g power.

At all events, the old e::j.'n[ln:-.-is had broken down in lhnl:_r_',h! and In
social action. In no little degree, it had broken down because 1t was
ian irlddf‘qmllv one: a closed, pf‘l'h;l[\f- flu'uLm'lr.'ulu”j.' nenrotic con-
ception of human life and destiny, which originally had sprung out
of the misery and terror that had attended both the brutality of
imperialistic Rome and its ultimate putrelaction and decay. Se
remote were the attitudes and conceplts ol Christianity from the facts
of the natural world and of human life, that once the world itself
was opened up by navigation and exploration, by the new cosmology,
ll)—' new methods of observation and t*:-'.pri'iun*n!. there was no return-
ing to the broken shell of the old order. The split between the
Heavenly system and the Earthly one had become too grave to be
overlooked, too witde to be bridged: human life had a destiny out-
side that shell. The crudest science touched closer to contemporary
truth than the most refined scholasticism: the elumsiest steam engine
or spinning jenny had more efficiency than the soundest guild regula-
tion, and the paltriest factory and iron bridge had more promise for
architecture than the most masterly buildings of Wren and Adam;
the first yard of cloth woven by machine, the first plain iron casting,
had potentially more esthetic interest than jewelry fashioned by a
Cellini or the canvas covered by a Reynolds. In short: a live machine
wis bemter than a dead organism; and the organism of medieval
oulture was dead.

“@m the fifteenth century to the seventeenth men lived in an
ty world: a world that was daily growing emptier. They said

R R, T P R e I R TN T E M G T O

their prayers, they repeated their formulas; they even sought 1o

l]it'}' had ]Hrlj: ahandoned: hence the fierceness and hollow fﬂﬂﬂlﬁi‘[‘.’li‘d’ﬂ
of the Counter-Reformation, its burning of heretics, its persecution

They threw themselves back into the medieval dream with & new

- I}u:nrr _ul.ihl 2 ]IH'!EHI{HI 1
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retricve the holiness they had lost by resurrecting superstitions

of witches, precisely in the midst of the growing “enlightenment.™

intensity of feeling, if not conviction: they carved and painted and
WwWriole— wiio iwh-wl evVer ht'ur't] maore I‘llig.lllily 11 slone lhan-Miul'leL
angelo, who wrote with more spectacular ecstasy and vigor than
Shakespeare? But beneath the surface occupied by these works of
art and thought was a dead world, an empty world, a void that no
amount of dash and bravura could fill up. The arts shot up into the
air in a hundred pulsing fountains, for it is just at the moment of
cultural and social dissolution that the mind often works with a
freedom and intensity that is not possible when the social pattern is
<table and life as a whole is more satisfactory: but the idolum iteelf
had become empty.

Men no longer believed, without practical reservations, in heaven
and hell and the communion of the saimts: still less did they believe
in the smooth gods and goddesses and sylphs and muses whom they
used, with H]vg.ant brut nwaningluﬁs ge.slurﬁ, 1o adorn thei'r thoughu-
and embellich their environment: these supernatural figures, fhou_gh
they were human in origin and in consonance with mﬁain'ml
human needs, had become wraiths, Observe the infant Jesus of a
thirteenth century altarpiece: the infant lies on an altar, &p&ﬂwﬁm
Virgin is transfixed and beatified by the presence of the Huly
Ghost: the myth is real, Observe the Holy Families of fﬂ_’\ﬂ';w
and seventeenth century painting: fashionable young ‘Igd:iﬁ _.-.-‘:
coddling their well-fed human infants: the Iﬂ'ﬂh 1_'£: I
the gorgeons clothes are left: finally a doll HII!B! the F e of the
living child: a mechanical puppel. Mechanics became the new Te
ligion, and it gave to the world a new Messiah; the mac MR,

9: The Mechanical Universe
The issues of practical life fo '_ “ﬂ“l_ i’h&i! ’
appropriate frame of ideas in the natural philosophy
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teenth century: this philosophy has remained, in effect, the working
creed of technics, even though its ideology has been challenged,
modified, amplified, and in part undermined by the further pursuit
of science itself. A series of thinkers, Bacon, Descartes, Galileo,
Newton. Pascal, defined the province of science, elaborated s
special technique of research, and demonstrated its eflicacy, |

At the beginning of the seventeenth century there were only scat-
tered efforts of thought, some scholastic, some Anstolelian, <ome
mathematical and scientific, as in the astronomical observations of
Copernicus, Tycho Brahe, and Kepler: the machine had had only
an incidental part to play in these mnte lectonl advanees. At the end,
despite the relative sterility of invention itsell during this century, |
there existed a fully articulated philosophy of the universe, on
purely mechanical lines, which served as a starting point for all
the physical sciences and lor further technical improvements: the
mechanical Welthild had come into existence. Mechanies set the
pattern of suecessful research and shrewd application. Up to this
time the biological sciences had paralleled the physical sciences:
thereafter, for at least a century and a half, they played second
fiddle: and it was not until after 1860 that biological facts were
recognized as an important hasis for technics.

By what means was the new mechanical picture put together? And
how did it come to provide such an excellent soil for the propagation
of inventions and the spread of machines?

The method of the physical sciences rested fundamentally upon
a few simple principles. First: the elimination of qualities, and the
| reduction of the complex to the simple by paying atlention only
to those aspects of events which could be weighed, measured, or
counted, and to the particular kind of space-ime sequence that could ‘
be controlled and repeated—or, as in astronomy, whose repetition
could be predicted, Second: concentration upon the outer world, 'll
and the elimination or neutralization of the ohserver as respects the
data with which he works, Third: isolation: limitation of the field: .
specialization of interest and subdivision of labor. In short, what
the physical sciences call the world is not the total object of com-
mon human experience: it is just those aspects of this experience

, el IR 1 | T Y — 1Ifnl!1:[ |
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- lend themselves oe : -
:*l:‘:l]iz]:l :’AI:IIHIHEHIE. GI:E amLﬂu:a:liﬂiltizﬂlm:mutm: nnd g
_ , , cal system as one
in which any random ‘Famplr: of the whole will serve in place of
the whole: an ounce ui_ pure waler in the laboratory is supposed to
have ll.n- sume properties as a hgndrﬂd cubic feet of equally pure
water in the cistern and the environment of the object is not sup-
posed Lo affect its behavior. Our modem concepts of gpace and time
make it seem doubtful if any pure mechanical system really exists:
but the original bias of natural philosophy was to discard organic
complexes and to seek isolates which could be described, for praclf-
cal purposes, as if they completely represented the “physical world™
{rom which they had been extracted.

This elimination of the organic had the justification not only of
practical interest but of history izell, Whereas Socrates had turned
his back upon the Tonian philosophers because he was more con-
cerned to learn about man's dilemmas than to learn about trees,
rivers. and stars, all that could be called positive knowledge, which
had survived the rise and {all of human societies, were just such non-
vital truths as the Pythagorean theorem. In contrast to the cycles
of taste. doctrine, fashion, there had been a steady accretion of
mathematical and physical knowledge. In this development, the study
of astronomy had been a great aid: the stars could not be cajoled or
perverted: their courses were visible o the naked eye and could
be followed by any patiem observer. _

Compare the complex phenomenon of an ox moving over a wind-
ing uneven road with the movements of a planet: it is casier 10
trace an entire orbit than to plot the varying rate of speed and the
changes of position that takes place in the nearer and more familiar
object. To fix attention upon a mechanical system was the first m

toward ecreating system: an important victory for rational ;‘ pught,
By centering effort upon the nonchistoric and the inorgamie, e
physical sciences clarified the entire procedure of Mﬂl r‘.rﬂ'
ficld 1o which they confined their attention ﬁ‘ L l

method could be pushed farthest without being too palpatiy Hmade
quate or encountering too many special difficulties But the re
physieal world was still not simple enough for he scientilic ¥
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in its first stages of development: it was necessary to reduce it to
cuch elements as could be ordered in terms ol space, time, mass,
motion, guantity. The amount of elimination and rejection that ac-
companied this was excellently described by Galileo, who gave the
process such a strong impetus. One must quote him in {full:

“Ac coon as I form a conception of a material or corporeal sub-
stance, I simultaneously [pel the necessity of conceiving that it has
houndaries of some shape or other; that relatively to others it is
great or small; that it 1s this or that place, in this or that time;
th&l it is I motion or at rest; illiil it ti':lll‘hl':-'-. or does nol lnui;h,
another body; that it is unique, rare, or common; nor can [, by any
act of imagination, disjoin it from these qualities. But 1 do not find
myself absolutely compelled to apprehend it as necessarily accoms
pnnied 1)}' such m:ndiliun& as that it musl be white or l'f'.i]., bitter or
sweet, sonorous or silent, smelling sweetly or disagreeably; and if
the senses had not pointed out these qualities language and imagina-
tion alone could never have arrived at them. Therefore I think that
these tastes, smells, colars, etc., with regard to the object in which
they appear to reside, are nothing more than mere names. They
exist only in the sensitive body, for when the living creature E
removed all these qualities are carried off and annihilated, although
we have imposed particular names upon them, and would fain per-
suade ourselves that they truly and in fact exist. I do not believe
that there exists anything in external hodies for exciing tastes,
smells, and sounds, ete., except size, shape, quantity, and moticn.”

In other words, physical science confined itself to the so-called
primary qualities: the secondary quahities are spurned as subjective.
But a primary quality is no more ultimate or elementary than a
secondary quality, and a sensitive body is no less real than an in-
sensitive body. Biologically speaking, smell was highly important
for survival: more so, perhaps, than the ability to discriminate dis-
tance or weight: for it is the chiel means of determining whether
food is fit to eat, and pleasure in odors not merely refined the
process of eating but gave a special association to the visible symbals
of erotic interest, sublimated finally in perfume. The primary
qualities could be called prime only in terms of mathematical
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analysis, because they had, as an ultimate point of reference, an inde-
pendent measuring stick for time and space, a clock, a ruler, a
balance.

The value of concentrating upon primary qu.nlitiea was that it
neutralized in experiment and analysis the sensory and emotional
reactions of the observer: apart from the process of thinking, he
became an instrument of record. In this manner, seientific technique
hecame communal, itn[urrm_rmll. n]'ijtrcliw?, withmm s hmited feld,
the purely conventional ““material world.” This technique resulted
in a valuable moralization of thought: the standards, first worked
out in realms foreign to man's personal aims and immediate inter-
este, were equally applicable to more complex aspects of reality
that Jdooid eloser to his hl‘lpl‘E-._, lu'.fl:*.f», ambitions. But the first effect
of this advance in clarity and in sobriety of thought was to devaluate
every department of experience except that which lent itself to mathe-
matical investigation. When the ]"'n‘.r}'ul Sociely was founded in EIIE-
land. the humanities were deliberately excluded.

In general, the practice of the physical sciences meant an intensi-
fication of the senses: the eye had never before heen so sharp, the
ear so keen. the hand so accurate. Hooke, who had seen how glasses
improved seeing, doubted not that “there may be found Mechanical
Inventions Lo imprm,'i.’: our other senses, ol hearing, anu:lling, mtmg.
touching.” But with this gain in accuracy, went a deformation of
experience as a whole. The instruments of science were helpless in
the realm of qualities, The qualilative was reduced to the subjectives
the subjective was dismissed as unreal, and the unseen and unmeas-
urable non-existent. Intnition and feeling did not affect mouhanimi
process or mechanical explanations. Much could be aecnmpli_mlhf}
the new science and the new technics because much that was asso-
ciated with life and work in the past—art, poetry, organic rhythm,
fantasy—was deliberately eliminated. As the outer world of percep-
tion grew in importance, the inner world of feeling became more
and more impotent.

The division of labor and the apae'ialiutim-i: lm ;;-_:-; :.:'_"“-
operation, which already had begun to characterize r: omie

life of the seventeenth century, W‘lﬂﬂhﬂﬁlrﬁb orld of thoug
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50 TECHNICS AND CIVILIZATION
they were expressions of the same desire for mechanical accuracy
and for quick results. The field of research was progressively divided
up, and small parts of it were subject to intensive examination: in
emall measures, =0 to say, truth might perfect he. This restriction was
a great practical device. To know the complete nature ol an ohject
does not necessarily make one fit to work with it: for complete
knowledge requires a plenitude of time: moreover, it tends linally
to a sort of identiiir.-iti(-n which lacks prf*rim.‘hf the cool aloolness
that enables one to handle it and manipulate it for external ends. If
one wishes to eat a chicken, one had better treat it as food from the
beginning, and not give 1t too much friendly attention or human
sympathy or even esthetic appreciation: i one treats the life of the
chicken as an end. one may even with Brahminical thoroughness
preserve the lice n its feathers as well as the bird, Selectivity is an
operation necessarily adopted by the organism to keep it from being
overwhelmed with irrelevant sensations and comprehensions. Science
gave this inevitable selectivity a new rationale: 1t smgled out the
most n{-gutiﬂhle set of relations, mass, weight, number, motion.
Unfortunately, isolation and abstraction, wlile important to
orderly research and refined symbolic representation, are likewise
conditions under which real organisms die, or at least cease to
function effectively. The rejection of experience in its original whole,
hesides abolishing images and disparaging the non-instrumental
aspects of thought, had another grave result: on the positive side,
it was a belief in the dead; for the vital processes often escape close
observation so long as the organism is alive. In short, the accuracy
and simplicity of science, though they were responsible for its colos-
sal practical achievements, were not an approach to objective reality
but a departure from it. In their desire to achieve exact results the
physical sciences scorned true objectivity: individually, one side of
the personality was paralyzed; collectively, one side of experience
was ignored. To substitute mechanical or two-way time for history,
the dissected corpse for the living body, dismaniled units called
“individuals” for men-in-groups, or in general the mechanically
measurable or reproducible for the inaccessible and the complicated
and the organically whole, is to achieve a limited practical mastery
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at the expense of truth and of the larger efficiency that depends on
trith.

By confining his operations to those aspects of reality which had,
<o lo say, market value, and by isolating and dismembering the
corpus of experence, the physical scientist created a habit of mind
favorable to discrete practical inventions: at the same time it was
highly unfavorable to all those forms of art for which the secondary
|'i|1;1]i“'r’_'- and the individualized receptors and motivators of the
artist were of fundamental importance., By his consistent metaphysical
1uiw'i|+!=_-- and his factual method of research, the ph‘_- sical scientist
denuded the world ol natural and t.:l:_.';;ll]i-.‘ Ol'ljt*i'lH and turned his
D L PO 1f'i=| EXPErience,; lu- .-ululnulml ft'.bl‘ lht" l-m’l}‘ and bluﬂd
of reality a skeleton of effective abstractions which he could manipu-
late with appropriate wires and pulleys.

What was leflt was the bare, depopulated world of matter and
nmotion: 4 t-.;1.~l.r'| !IUL [Il arder to thrive at u“._ it was NECCEssSAry fUl‘ lhﬂ
siheritors of the seventeenth eentury idolum to fill the world up
u;}um with new organismes, devised 1o rcpri*-rnl the new rr.‘u].iliu'& uf
physical science. Machines—and machines alone—completely met
the requirements of the new scientific method and point of view:
they fulfilled the definition of “reality™ far more perfectly than
]I\‘i!lg t'-l'g,_:dlli-'mr:. And once the ml'i'lullli{‘ﬂ] “nt‘ltLpiNlH'U wis Eﬁlﬂll-
lished. machines could thrive and multiply and dominate existences
their competitors had been exterminated or had been consigned to a
penumbral universe in which only artists and lovers and breeders
of animals dared 1o believe. Were machines not conceived in terms
of primary qualities alone, without regard to appearance, sound,
or 4ny other sort of sensory stimulation? If science presentcd an
ultimate reality, then the machine was, like the Jaw in Gilbert's
ballad, the true embodiment of everything that was excellent. Indeed
in this empty, denuded world, the invention of machines hecame a
duty. By renouncing a large part of his humanity, a man could
achieve godhood: he dawned on this second chaos and t:rl!#led lllﬂ
machine in his own image; the image of power, but power ripped
loose from his flesh and isolated from his humanity.
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— - !:Tz—_— .'.!.-_ ey
10: The Duty to Invent . Repid land locomotion: the sail- F i ‘_1 ﬂﬂ% o
ince Maurics of ¢ R K
e = the a4 LA p—_— ) wagon (1598) used by Prince ; _— B
Thﬁ FII‘.‘II”ILI',‘I]:E?:- th‘” ll.lll pI‘OVCd f‘ﬂ“.ll\-‘." I the ‘1‘ “]“.pmt nt Of Orange, one of the fust commanders to - )
the scientific method were, with appropriate changes, those that . iroduce modern drill. The desire for '
SEWE{I as i [Dlll’lt]ﬂlﬁiOI’l fOI‘ invention. Te(:hni:‘-' s i Ililnr-‘littiuu into speed, pruclaimed liy Roger Hacon in <
= = 4 = . § " 3 3 ll! yOCO NI E in-
appropriate, pr:-n_-tu-.;ll forms of the theorctic truths, unphmt or the thirteenth century, hud bed '“ .
33 . . ~ o stent by the sixteenth eenlury. Hence
formulated, anticipated or discovered, of science. Science and tech. s:‘- :f" iY -
. 3 . : skates lor sport
nics form two 1ndr‘pendent vel related worlds: sometimes converging, Courtesy, Detsches Miseum, Minehen)

sometimes drawing apart. Mainly empirical inventions, like the
sleqam-engine, may suggest Carnot’s researches in thermodynamies:
abstract physical investigation, like Faraday’s with the magnetic
field, may lead directly to the mvention of the dynamo. From the
geometry and astronomy ol Egypt and Mesopotamia, both closely
connected with the practice of agriculture to the latest researches in |
electro-physies, Leonardo’s dictum holds true: Seience is the cap-
tain and practice the soldiers. But sometimes the soldiers win the
hattle without leadership, and sometimes the eaptain, by mntelligent

vy - wm

strategy, obtains victory without actually engaging in battle.

The digplacement of the living and the organic took place rapidly
with the r!.*jl‘]‘j.' []E?t‘]ﬂ}lmﬂ'lt of the machme. For the machine was Courtery, {7
a counterfeit of nature, nature analyzed, regulated, narrowed, con-
trolled by the mind of men. The ultimate goal of its development
was however nol the mere conquest of nature but her resynthesis:
dismembered by thought, nature was put together again in new
combinations: material syntheses in chemistry, mechanical syntheses e
in engineering. The unwillingness to accept the natural environment Her
as a fixed and final condition of man's existence had always con- '“‘_‘ :
| tributed both to his art and his technics: hut from the *‘ﬂ'w'nluﬂllh ;;’::n
| century, the attitude became compulsive, and it was to technics that
he turned for fulfillment. Steam engines displaced horse power, iron

r and concrete displaced wood, aniline dyes replaced vegetable dyes, . L Y
and so on down the line, with here and there a gap. Sometimes the cosch: l.::,t-”..f ; o— jir.n..:,
new product was superior practically or esthetically to the old, as automobilie driven off 1he roads In e B
 in the infinite superiority of the electric lamp over the tallow candle: I. 15:“’" by, saitwny woupghlivs The 48 r
mm the new product remained inferior in quality, as rayon :LZ_TT:“:' ll;:}':'[‘I:lj”‘:m;:“:::
s still inferior to natural silk: but in either event the gain was in lquid fusel.
- . : (Courtery, Deutsches Museum, Minchen)
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the creation of an equivalemt product or synthesis which was less
dependent upon uncertain organic variations and irregularities in
either the product itself or the labor applied to it than was the original,

Often the knowledge upon which the displacement was made was
insulficient and the result was sometimes disastrous. The history of
the last thousand years abounds in examples of apparent mechanical
and scientific triumphs which were fundamentally unsound. One
need only mention bleeding i medicine, the use of common window
Li]-*‘- which excluded the important ultra-violet rays, the establish-
ment of the post-Liehig dietary on the basis of mere energy veplace
ment, the use of the elevated toilet seat, the introduction of steam
heal. which dries

scomewhat appalling one. The point is that invention had become o

the air excessively—Dbut the list is a long and

duty. and the desire to use the new marvels of technies, like a child's
delighted bewilderment over new toys, was not in the main guided
by critical discernment: people agreed that mventions were good,
whether or not they m'lll.i“'g; l}l‘u".-'iilm'f benehits. juﬁl. as 'I}ll_":)l‘ agl’tﬂd
that child-bearing was good, whether the offspring proved a blessing
L0 sociely or & nuisance.

Mechanical invention. even more than science, was the answer 1o
a dwindling faith and a faltering life-impulse, The meandering
energies of men, which had flowed over into meadow and garden, had
crept into grotto and cave, during the Renascence; were turned by
invention into 4 confined head of water above a turhine: they could

'_-[I:HLII‘ and ['i;n]rl-.f and cool and revive and Llﬂllght no more: lhllf

and multiply society’s capacity for work. To live was to work: what
other life indeed do machines know? Faith had at last found a new
object, not the moving of mountains, but the moving of engines l.ml
machines. Power: the application of power to molion, and the lp-
plication of motion to production, and of production to mmy-ulb
ing, and so the further increase of power—this was the wﬂhﬂ
object that a mechanical habit of mind and a mmhlﬂlﬂl mdmuf

action put before men, As everyone recognizes, @ th .L.- ‘!““‘4 = ._-‘I
instruments came out of the new techniess but in ﬂl_ i" nl X _l’—"ﬂ
seventeenth century on the machine served as a substitute religion,
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4 TECHNICS AND CIVILIZATION
and a vital religion does not need the justification of mere utility.
The religion of the machine needed such support as little as the
transeendental faiths it supplanted: for the mission ol religion is
to provide an ultimate significance and motive-force: the necessity
of invention was a dogma, and the ritual of a mechanical routine
was lhe binding element in the f{aith. In the eighteenth century,
?ﬂf‘l‘}lilllilrﬂl Societies Sprang mto existence, to l_lru[_l;lg.’_:.lhf the ¢ rt'.t:ll
with greater zeal: they preached the gospel of work, justification by
{aith in mechanical science, and salvation by the machme. W ithomt
the missionary enthusiasm of the enterprisers and industrialists and
enginocers and even the untutored mechanics from the eighteenth
l‘t"l!lul'}’ onwa I'll, it w”uld lrt.' ilﬂliur-r-.ilih'. to i'\;lllﬁii!'l t]u- rush |'|,': COIL-
verts and the accelerated tempo of mechanical improyement. The
fﬂlpl'l‘:ﬁun:‘ll [H'!H't‘l]LiI'rf Df SCIENCE, t]h' }l;i!'ul-'fh':lllf.‘li cOntr IVANCES of
mechanics. the rational calculus of the utilitarians—chese interests
nupturml emotion, all the more because the ;_:--Hr-n pa radise of finan.
cial success lay bevond.

[n I}lt"il‘ l.'[nn[lil:limn t:f i!l\r_’i’ilii,lll“- *mr| discoves 108, D,-um»lm-lllur
and Du Bois-Reymond enumerated the following inventors: between
1700 and 1750—170; between 1750 and 1800—344: between 1800
and 1850—861: between 1850 and 1900—1150. Even allowing for
the fUl’f’E-llUl‘tt'Iling lrruugh! about ;’Hl[uln;l.[i-'iillj. ]'I_\‘ historical per-
spective, one cannol doubt the increased acceleration between 1700
and 1850. Technics had seized the imagination: the engines them-
selves and the goods they produced both seemed immediately desir-
able. While much gt.lrul came through invention, much invention
came irrespective of the good. If the sanction of utility had been
uppernmst, im"enliun would II-’.]V(' ['Jrﬂl.'i‘i"lil.‘l'} maosl ;ulsilﬂ}‘ in the de-
partments where human need was sharpest, in food, shelter, and
elothing: but although the last department undoubtedly advanced,
the farm and the common dwelling house were much slower to profit
by the new mechanical technology than were the hattlefield and the
mine. while the conversion of gains in energy into a life abundant
took place much more siowly after the seventeenth century than it
had done during the previous seven hundred years.

Once in existence, the machine tended to justify itself by silently

—_ iL— I-- r!--li!-—lﬂll]-r'l ‘-"'1’.’1 l 140
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taking over departments of life neglected in its ideology, \’-’inumifé
i« an important element in the development of technies: the inlerast
i the matel ials us ﬁm.-h.q the pri:lu of mastery over molﬁ,, the _g_ki[]u,d
manipulation of form. The machine crystallized in new patterns the
whale set of independent interests which Thorstein Veblen grouped
loosely under “the instinet of workmanship,” and enriched technics
as a whole even when it temporarily depleted handieraft, The very
censual and contemplative responses, excluded from love-making
and 50Ng and [.lllltl':fa‘ Iv‘\ the concentration upon the mechanical means
of production, were nol of course finally excluded from life: they
re-entered it in ascociation with the technical arts themselves, and
the machine, olten lm'ing]j{ [Jt'rﬁlmi['lt.‘.d as a li".'itlg creature, as with
Ki}'ll[”;{.n £ Hgiilr:t_-'rh. d]murluft] the allection Hlld care of hﬂlh imventor
and workman. Cranks, pistons, screws, valves, sinuous motions,
pulsations, rhy thme, murmurs, sleek surfaces, all are virtual counter-
parts of the organs and functions ol the body, and they stimulated
and absorbed some of the natural affections. But when that sage
was reached, the machine was no longer a means and 118 operations
were nol lul'Te-*h' 'I‘I[r_*t_'hiﬂlii‘:il and {.'Huiﬂl. bul human F.H‘ld ﬁﬂﬂlt Il
contributed. like any other work of art. 1o an organie equilibrium.
This 151*'.:'-1u!n1:'n.":1[ ol value within the machine i't‘.lnl'pli“l ilﬁﬂu, ﬂ_]‘lﬂﬂ
{from the value of the Pl‘l:ll]IH_IS created ll‘}' i, was, as we shall see at a
later stage, a profoundly important result of the new lechnology,

11: Practical Anticipations |

From the beginning, the practical value of science was upper-
most in the minds of its exponents, even in those who singlc—mi;mlaﬂj'
pursued abstract truth, and who were as indifferent to its populariza-
tion as Gauss and Weber, the scientists who invented the t:]tgﬂl[l]l
{or their private communication. “1f my judgment be of any wdﬂlt."
<aid Franeis Bacon in The Advancement of Learning, “the use of
history mechanical is of all others the most radical and fundamental

towards natural philogophy: =uch nlhlnl pllﬂmlﬂl! as l_h!l
vanish in the fume of subtile, sublime, or ddm"hhm St
such as shall be operative to the endowment and m of it

life.” And Descartes, in his Discourse on Method, observes: " For by
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]

them [general restrictions Tr"“l“-“'_““é-' physics ] | perceived il _T" he

possible to arrive at knowledge highly llﬂ'illll in lile: HH*I. i1 Li'll of

the speculative philosophy usually tught “1_’-"‘“ schools to '|l?-*"-w:.-r

a practical, by means of which, knowing the force and .-u_lunn_ ol fire,

water. air, the stars, the heavens, and all the other bodies that sur-
mund us. as distinctly as we know the various orafts of our artisans,
we might also apply them In the same way to all the uses to which
they are adapted, and thus render ourselves the lords and possessors
ol ;IHIUI‘G. And this is a result 10 he desired, not anly in arder 1o the
tnvention of an infinity of arts, by which we might be able to enjoy
withoul any trr:nuhlr the [ruats of the earth, and all its comforts, but
also especially for the preservation of health, which 18 without doubt
of all blessings of this lile the first and fundamental one; for the
mind is so intimately dependent upon the condition and relation of
the organs of the body that if any means can eyer he found 1o render
men wiser and more ingenious than hitherto. 1 believe that it 1s in
medicine they must be sought for.”

Who is rewarded in the In*rfc*-'f commonwealth dzavised by Bacon
in The New Atlantis? In Salomon’s House the philosopher and the
artist and the teacher were left out of account, even though Ihacon,
like the prudent Descartes, clung very ceremoniously to the rites of
the Christian church. For the “ordinances and rites” of Saiomon’s
HtimE-E lherﬂ are two gu“t.*lir'& In one of these “we [:I.H"-' patierns
and samples of all manner of the more rare and excellent inven-
tions: in the other we place the statues of all principal Inventors,
There we have the statue of your Columbus, that discovered the
West Indies: also the Invenior of Ships: your monk that was the
Inventor of Ordoance and Gunpowder: the Inventor of Music: the
Inventor of Letters: the Inventor of Printing: the Invenlor of obser
vations by astronomy: the Inventor of Works in Metal: the Inventor
of Glass: the Inventor of Silk of the Worm: the Inventor of Wine:
the Inventor of Corn and Bread: the Inventor of Sugars. . . . For
upon every invention of value, we erect a statue to the Inventor
and give him a liberal and honorable reward.” This Salomon's House,
as Bacon fancied it, was a combination of the Rockefeller Institute

AE I':‘-l.u...... sl Yo .. 4 F DH) [ .«
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and the Deutsches Museum: there, it anywhere, was the medans to-
wards the reliel of man’s estate,

Observe this: there is little that is vague or fanciful in all these
conjectures about the new role to he pl[l}'t‘rl ]:r}' sC1enee und the
“”r' hine., The gen ral stafl of science had warked out the strategy of
the campaign long before the commanders in the field had developed
o tacties capable of carrying out the attack in detail, Tndesd, Usher
notes that in the seventeenth century invention was relatively feeble,
and the power of the technical imagination had far outstripped the
sctual eapacities of workmen and engineers. Leonardo, Andreae,
Campanella, Racon. Hooke in his Micrographia and Clanvill in

his Scepeis S enitifica. wrote down in outline the ﬁpﬂniﬁmt.inns for
by | v _I ! i )
the new order: the use of science for the advancement of teclinics,

(e .

and the direction ol technics toward the conquest of nature were the
i)!luh-:u of the whole effort. Bacon's Salomon's House, though for-
mulated after the actual {ounding of the Accademia Lynxei in Ttaly,

-
1

L
#

i

2E 5
[ -.‘;1_, -
{5yt

L3

Y

-yl
"—\1

1

L

.5.;_1'
44

was the ,|-'1_i|_r| :*'-'-l'tlu:tllﬁ ;n':ll"l! Uf t]'_]F:' [’Ili](*."l"l[hhitfﬂl ﬁﬂllr‘:ge thﬂl ﬁf-ﬁt'

h
S Rh

g Th
I T | ¥

met in 1646 at the Bullhead Tavem in Cheapside, and in 1662 was
duly incorporated as the Royal Society of London for Ir_npruvmg
]\;ﬂ-:n'._-.l Knowledge. This society had eight standing unmnjllttt.'e;s. the
first of which was to “consider and improve all mw:-hamcu;l nven-
tions,” The laboralories and techuical mnseumal of ﬂ.le- IWEI‘I-ILEth cen-
tury existed first as a thought in the mind of this plquEﬂp'hI-{.'al cour
der: nothing that we do or practice today would have surprised him.

So confident in the results of the new H;.‘.-pl‘uath was Hooke ﬂ'ﬂlt
qu-ur'niw: “There is nothing that les within th" power of humsn
wit (or which is far more effectual) of ]lLlJIll'I'II I-Hl‘.ll:lﬁl.l‘}" \\':;ﬁu]:l:
might not compass; we Inighl not only hope for IIWI.':['IUOIO‘I:'::) .
those ol Copemicus, Galileo, Gilbert, Hur‘i’f.':‘j'_. and | l'l-dm b
names are almost Jost, that were the invent?rs of _Gunpow o
Seaman's Compass, Printing, Etching, Graving, M:;fb‘ml?“! o
but mulyides that may far exceed them: for u?ﬂiﬁh“:!: e Bt
seem to have been the product of some such {m h“:lllﬂudl__ Hoa
imperfect; what may not be thﬂref.urﬂ e‘;p::ﬂdm:: mmld m be
prosecuted? Talking and contention © gume e

| inions and universal
turned into labors; all the {ine dreams and opimions
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metaphysical nature, which the luxary of subtil brains has devised
would quickly vanish and give place to solid histories
and works.”

Thl‘ ]t‘ﬂt'i]llg utnpim Hf l}‘u_‘ [im-.‘. Cllri%“unnpn“.-u t]'u- Cjty of 1}":
Sun, to say nothing of Bacon’s fragment or Cyrano de

’

. CXperimetits,

Ber;:,t*r.;n,-.‘ﬁ
minor works, all brood upon the possibility of utilizing the machine
to make the world more perfect: the machine was the substitute for
J ' - 5 3 : " IR = . - 3 . - . & + a

IL!'H o ]Ilalli_f. L¢ mperance, and courage, even as it was II].-\!.“L._;_P

Illl' ﬂlt‘ Chfir—fiun ilJr_';Ilh of price :'.r'n] !r*t]r-m;-ﬁun. Tl‘n' M him! came

0 creale a new ]1-';11't'|1 and
a new earth: at the least, as a new Moses that was to lead a bar.
barous humanity into the promised land.
There had been premonitions of all this
“1 will now mention.” said Roger Bacon. *

forth as the new dt*ll'tilll'p'r that was

in the centuries IJ:‘"IJ‘OI'C.
“Ome ol I'l|+‘ 'ﬁ".-'-lllit‘.l'fl.l].
works of art and nature in which there i nothung of magic and which
magic could not perform. Instruments may be made by which the
largest ships, with only one man guiding them, will be carried with
greater veloeity than if they were full of sailors. Chariots may be
constructed that will move with incredible rapidity without the :l1elp
of animals. Instruments of H_me;_ may be formed in which a man,
sitting at his ease and meditating in any subiect. mayv beat the air
with his artificial wings after the manner of birds . . . as also
ﬂhi!“hi”i’:.ﬁ Vi ln'fl hi“, 'r"n_'ifilrf mern 1o wilk at the fiH'Llnln nf_. Seas or
rivers without ships.” And Leonardo de Vinei left behind him a list
{Jf mventions :lnd contrivances Ilml reads ilkt* a -'u'unnlui.w of I|=:_J! present
industrial world.

Bll[ h‘_'.- l}nr "‘l“\-‘{'ll‘f’i'“lh f‘!.‘lil'i.ifj-.' the note al 1"HIIHHIL‘IH'L" h;id 1n-
creased, and the practical impulse had become more universal and
urgent. The works of Porta, Cardan, Besson, Ramelli. and other

ingenious inventors, engineers, and mathematicians are a witness

both to innrea&ing skill and to grnwing enthusiasm over technics it-
self. Schwenter in his Délascements Physico-Mathématiques {1636)
pointed out how two individuals could communicate with each other
_ 1o lles. “To the at come after us,” sai
by means of magnetic needles. “To them that come after us,” said
GClanvill, “it may be as ordinary to buy a pair of wings to fly to
remotest regions, as now a pair of boots to ride a journey; and

1. Sirhwentery 1in hie | ilaccamanls svaintsVinthamalirmine [ 1 [yAhB
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to confer at the distance of the Indies by sympathetic conveyances

may be as usual in future times as hy literary correspondencs,”

Cyrano (lf: Bf:’l‘i‘_-”'.-'*“' conceived '-h‘:' phonograph. Hooke observed that
it is “'not impossible to hear a whisper a furlong’s distance, it having
been already (]I-b[]t‘: and perhaps the nature of things would net make
it more impossible, although that furlong be ten times multiplied.”
Indeed. hie even forecast the invention of artificial silk. And Glanwill
said agaimn: “1 doubt not posterity will find many things that are now
but rumors verified mto practical realities, It may be that, some
ages hence, a voyage to the Southern tracts, yea. possibly 1o the
moon, will not be more strange than one to America. . . . The
restoration of grey hairs to juvenility and the renewing the exhausted
marrow may at length be effected without a miracle: and the lurning
of the now comparatively desert world into a paradise may not
im]'ﬂ"'*f.'-*'*l-‘*' he effected from late agriculture.” (1661)

Whatever was lacking in the outlook of the seventeenth century
it was not lack of {aith in the imminent presence, the speedy develop-
ment, and the profound importance of the machine. Clock-making:
time-keeping: space-exploralion: monastic regularity: bourgeois
order: technical devices: protestant inhibitions: magical explora-
tions: finally the magistral order, accuracy, and clarity of the
physical sciences themselves—all these separate activities, incansid:
erable }'u-:'h.qrs in themselves, had at last formed a cnmplex socih.l
and ideological network, capable of supporting the vast weight of
the machine and extending its operations still further. By the middle
of the eighteenth century the initial preparations were over and the

key inventions had been made. An army of natural philﬁmpheﬂ,.

rationalists, experimenters, mechanics, ingenious people, had assem:
bled who were clear as to their gﬂ.’-ll and confident as to their "ﬁiﬂW»
Before more than a streak of grey had appeared at llhﬂ'h_ﬂ'ﬁm!-i ﬁm'
they proclaimed the dawn and announced how wonderful it m: m
marvelous the new day would be. Actually, they were to w
a shift in the seasons, perhaps a long eyclical change in the climate
itseld.
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CHAPTER IL AGENTS OF MECHANIZATION

1: The Profile of Technics

The preparation for the machine that took place hetween the
tenth and the eighteenth century gave it 4 broad foundation and as.
sured its speedy and universal conquest throughout Western Civiliza.
tion. But in back of this lav the long '!l'*-l‘!'i!:':‘ni*ii! of technies itself:
t]lt‘ t]l’i;:,i:l'_il :“-:plm‘:llil-n of the raw environment, the i'.iih;;tt_iun Of
Illlit'l'l'- r—ilﬂ[!t‘l’! 1!‘.' nammre— —||-_'H~ ind stones ::rn] JH;'H!.!I j;"llt— [Ui‘
t*}hlw uml !Ilt'l'llilﬁ !hd‘ ifr‘lr-h;iar}tr';n I fundamental l;'ll_'-'nnli'itll Proc-
esses. digging, chipping, hammering, scraping, spinning, drying: the
deliberate ."h;ll'l;H;__’ 0l r-;lr'ﬂ,'lfit.' lools as necessilies Pri weed and as skill
increased.

Experimental sampling, as with edibles, happy acecidents, as with
olass, true causal insight as with the fire.drill: all these played a
lnll'l i the transformation of our matenial environment and htc-:-.udily
modified the [ltl"--‘-l.]'ilili-i.'.'* of social life. If discovery comes first, as
it apparently does in the utilization of fire, in the use of meteoric
iron, in the employment of hard cutting edges such as shells, mven-
tion proper follows close at its heels: indeed, the age of inven-
tion is only another name for the age of man. If man is rarely found
in the “state of nature” it is only because nature is so constantly
modified by technies,

To sum up these earlier developments of technies, it may be use
ful to associate them with the abstract scheme of the valley section:
the ideal profile of a complete mountain-and-river system. In a
figurative sense, civilization marches up and down the valley-section:

all the great historic cultures, with the partial exception of those
()
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cocluded maritime cultures in which the seas sometimes served in-

cead of a river, have thriven through the movement of men and

institutions and mventions and goods along the natural highway

of o great river: the Y ellow River, the Tigris, the Nile, the Euphrates,
the Rhine, the Danube, the Thames. Against the primitive back-
grounds: of the valley section are developed the earlier forms of
technics: within the cities, the processes of invention are quickened,
o multitude of new needs arises, the exigencies of close living and
of a lirmited foor ~'H|:pi}‘ lead to {resh :illuptaliuins and ing&rmities,
and in the very act ol putting primitive conditions at a distance men
are forced lo devise substitutes for the eruder artifacts which had
once ensured their survival.

Tukine the purely schematic valley section in profile, one finds
toward the mountain top, where on the steeper slope the rocks perhaps
crop oul, the quarry and the mine: almost from the dawn of history
itsell man engages in these occupations. It 15 the survival, into our
own times, of the prototype of all economic activity: the stage of
directly seeking and picking and collecting: herries, funguses, stones,
b}wllr.--lv;:w! animals. Down to modern times, mining remained tech:
nically one of the crudest of occupations: the pick and the hammer
were its principal tools, But the derivative arts of mining steadily
developed in histonc vimes: indeed the use of metals is the main
slement that distinguishes the later craits of Europe up to the tenth
gentury A, irom the stone cultures that came before: Emﬁlii‘ﬂg.
renning, srithing, cashing, all increased the '.Spf'Ed of Frndu':ﬂﬁn'
imnroved the forms of tools and weapons, and greatly added to their
r_:‘tr:-n:Ih and eflectiveness. In the forest that stretches from the Crowi
of th;r ountain seaward the hunter stalks his game: his s possihl?
the oldest deliberate technical operation of mankind for in lhl!ll'
origin the weapon and the tool are interchangeable. The simple ham-
merhead serves equully as a missile: the knife kills the game mﬂtﬂlﬂ
it up: the ax may cul down a tree or slay an enemy. N“‘“h" hm
SHIVIVeS I:"i. akill of arm HI‘I'I] eye, now h\f P]TYE'E"] wsﬂji_uw b?
the cunning contrivance of traps and Pilf“]h' In the Pmu nﬁ Fﬁ:
game he does not remain in the forest but follows w

chase may lead him: a habit whic
|
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tilities in the invaded areas: perhaps in the development of war as
an mmstitmtional routine,

Farther down the valley. where the little miountain torrents and
hrooks gather together in a stream, which facilitales transportation,
is the realm of the primitive woodman: the wood chopper, the for.
ester. the millwright, the carpenter. He cuts down trees, he hollows
out wooden canoes, he contrives the bow which is perhaps the most
effective type of early prime mover, and he invents the fire drill, in
whose widened dise enard sees the origin of the pulley and perhaps
of the wheel, to say nothing of the windlass. The woodman's ax is
the chief primitive tool of mankind: his beaverlike occupation—
which perhaps accidentally resulted in the human re-invention of the
hridge and the dam—is apparently the original form of modern
enigineering: and the most important instruments of precision in the
transmission of motion and the shaping of materials came from
him: above all, the lathe.

Below the ideal forest line. becoming more visible with the ad-
vance of a settled culture, as the woodman’s ax opens up the clearings
iitlil lllﬁ :-!:t"i.].* ||I_lt aAre I}IH!!]-IHI i llu' sSHnny ‘..jl.hlr'— are l‘llll‘tll‘ll'll

through the summer and grow with a new lushness—Dbelow the primi-
five \’h'“lldfllﬂn lit:.-‘ Iht' province of the herdsman dirljl the peasant.
‘,;H;llht‘l'tl. :ﬁhra[,hp]-.]‘ ('u'L'-.iu'ii} OCCN Py the ||l}|1[ ol [_!.!-Ir.il'-‘“ or the
broad grasslands of the plain-plaieaus n their first or final stages
ol erosiofn. Sllimlmg iteell. the an l.} means of which frail filatal
elements are strengthened through 1wisting, 1= one ol the earliest of
the greal inventians, and may first have been .l]liihl'{l to the sinews
”f ﬁl‘lilllﬂl:-: '.}”'*'L]Ll d]]fi r~'LI"lng WETS ”Iig_f:i]'l.-t”:{ ]!-1".1 1“."”_1 e we .,"*'h“lllil
now utilize them only in an emergency—ias in fastening an ax-head
te a handle, But the epinning and weaving of fabrics for elothing,
for lents, or lor rugs lo serve as lemporary floar in the tent, are the
work of the herdeman: they eame in with the domestication of anis
mals in the neolithic period, and some of the earliest forms of the
spindle and loom have remained in existence among primifive
peoples,

Below the more burren pastures, the peasant tnkes permanent
possession of the land and cultivates it. He expands into the heavier

male in the nealithic nperiond,. and =olme o
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river-bottom soils as his command over tools and domesticated ani-
mitls grows, of 43 the s "“[1..‘-'.1*" for existence becomes more Keens e
may evern real h back into the hinterland and bring under eultivation
thv. potentially arable pasture. The farmer’s wols and machines are
relatively few: as with the herdsman, his inventive capacities e
expended directly, for the most part, upon the plants themselves in
their selection and hreeding and perfection, His tools remain without
fundamental change throughout the greater part of recorded history:
the hoe, the mattock, the plow, the spade, and the sevihe, But his
gtensils and his utilities are many: the mvigation ditch, the eellar,
the storage-bin, the cistern, the well, and the permanent dwelling
house oceupied throughout the year, belong to e peasants partly out
of hus need 1ot defence and cooperative action grow the villsge and
the town. Finally, at the oceanside, plying in and out behind the
barrier beaches and the salt marshes, Lives the hsheyman: 4 sort of
aquati hunter. The hrst hsherman to construet 8 weir possibly in-
vented the arl of weaving: the net and the bosket made out of the
reeds of the marshland certainly came out ol this environment, and
the most important early mode of transport and commumnication, the
hoat, was & direct inul]_lll"l.

The order and security of an agricultural and pastoral civilization
was the enitical improvement that came in with the neolithie ]]t'riml.
Out of that stability grew not merely the dwelling honse and the per-
manent communily lult 3 :.n‘u_‘:prnltli'n eoOnomic ﬂnli !‘-Hl‘iﬂl l.ifr:, :per-
petuating its institutions by means of visible buildings and memorials
as well as by the imparted word. Into the special meeting-places that
arose more and more frequently in the areas of transition between
one phase of economic activity and another. the market grew wps in
certain kinds of FZr_:rnl-u., amber, obsidian, flint, and salt. trade over
wide areas developed at a very early period. With the exchunge of
more finished kinds of goods went an exchange likewise of m-lumh_-gi#
cal skill and knowledge: in terms of our diagrammatic valley 5'""'“"“5
E{.lr‘:tiul environments, :‘»puriul {mﬂupntinuﬂl lypes. !Pﬂ'-ii‘ lﬂ“““w
chifted over irom one part to anothér and imermingleds the Iﬂlﬂl
was a steady enrvichment and increasing complication of the ﬂ'

itself and the technical heritage. Lacking impersonal methods O3

accounatinnal Iy eEs,
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ssjon of Cl‘all-kl]ﬂ\\“]ﬂ'lgif ltﬁ‘ll-ll'l] fo creale U“'Ulh’l-
rvation of skill by these means led to down.
ry n-ﬁnnmrfl‘lls ﬂll tmdilinn.ul L!I(’\V]"li;.:qf

record. the transmi
limm] casles. Thfe conse

right conservatism: the ve '
served, perhaps, as a brake on invention. |
The various elements In a civilization are never in complete

equilibrium: there is always a tug and pull of forces, ;m.ﬁl in |s;lr||f-u-
lar. there are changes in the pressure exerted by the life-destroying
functions and t]lr" ]if[‘-flill:ﬁt‘l‘ving OIeE, In the nealithic |u-ri._-..]l lJlL-‘
peasant and the herdsman were, it seems, uppermost: the .“;':‘”“”1?!!![
wave of life were the outcome of agriculture, and the religion and
s-:it;nce of the day were directed towa rds a more perfect adjustment
of man to the actual earth from which he drew his nourishment.

Eventually these peasant civilizations succumbed to anti-vital forces

that came from two related points of the compass: on one hand from
trading, with its growth of an impersonal and abstract system of
relations bound together by a cash nexus: on the other from the
predatory tactics of the mobile hunters and shepherds, extending
their huntillg gl'ﬂulujf- and their pastures or, at a more advanced
stage, their power to collect tribute and to rule. Only three great
cnltures have a continuous history throughout the historic period:
the polite and pacific peasant cultures of India and China, and the
mainly urban culture of the Jews: the last two distinguished par.
ticularly for their practical intelligence, their rational morals, their
kindly manners, their cooperative and life-conserving institutions;
whereas'the predominantly military forms of eivilization have proved
sell-destructive.

With the dawn of modern technics in Northern Furope one sees
these primiltive types once more in their original character and their
typical habitats. The rediflerentiation of occupations and crafts goes
on under our very eyes. The rulers of EUI‘UIM' once more are hunters
and fshers: from Norway to Naples their prowess in the chase alter-
nates with their conquest of men: one of their prime concerns when
they conguer a land is to establish their hunting rights and set aside
great parks as sacred to the game they pursue. When these hardy
warriors finally supplement the spear and the ax and the firebrand
with the cannon as o weapon of assault, the militury arts become

'_""l C— - -.]---.'.-.— T ;fl'\."ll' i KEhd dmdsy “wil ialkEry L n it
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rofessionalized once more, and the

support of war becomes one of

| The primitive mining and the
primitive metallurgy goes on as it had existed for long in the past:

but presently the simple arts of the miner and the smith hregk u

into a score of specialized occupations, This process Pl‘(l(jﬂfld-; at af.
HI.I.,],,.l aling .,luft‘il das cammerce l‘.'):pa.nrly; and e tltmﬂml [;;r‘ "fﬂd
and silver increases, as war becomes more mechanized and lll:tie-
mand for armor, for artillery, and for the sinews of war expands,
Go. too. the woodman appears in the forested areas, for much of
Europe had gone hack into forest and grass: presently

P

the p incipal burdens of a civil society,

i the sawyer,
(he carpenter, the joiner, the turner, the wheelwright have hecome

bp;,;.,*iluli:ic--I crafiz. In the growing cities, from the eleventh century
on, these elementary occupations appear, diffarentiate, react upn;l
each other, interchange techniques and forms. Within a few hundred
vears almost the entire drama of technics i5 re-enacted once more
;:md technics reaches a higher plane of general achievement than énj'-
other civilization had known in the past—although in special depart-
ments it was again and again surpassed by the finer arts of the
Fast. If one takes a cross-section of technics in the Middle Ages one
has at hand most of the important elements derived from the past,
and the germ ol most ol the grﬂWlh that is to take plar:e in the
future. In the rear lies handicraft and the tool, supplemented by the
Si]’ll}‘lt' chemical processes E‘I[ t]'li’ fill'l‘l]: m ﬂlﬁ van EtﬂIUiE Tl'lb exact
arls and the machine and the new avhiewmrms n mtluuu:g‘jf nnd
glass-making. Some of the most characteristic instruments of medi-
eval technics. like the cross-bow, show in their form and workmans |
ship the imprint of hoth the tool and the machine, Here, then, is _ I

central vantage pl_HnL

2: De Re Metallica

Quarrying and mining are the prime extractive occupatimnwﬁhﬁ
out stones and metals with sharp edgea and resistant au_rfanuml@ |
weapons nor tools could have pas&ed be_ynud a very cmﬂa ﬁiﬁ :
and a limiled efectiveness—however ingeniously wood, shell and

bane may have been used b‘_\r pri'miti\re man bﬁfmbﬂhd: L.
stone, The first efficient tool seems 1o have been & u;m]!dd n the

L3
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human hand as a hammer: the German word for fist is die Fauy,
aned to this day the miner’s hammer 15 called ein Faustel.

Ol all stones flint, because of its commonness in Northern Furope
and because of its breaking into sharp scalloped edges, was per.
haps the most important in the development ol tools. With the ajd
of ulhf‘r I‘O(‘.k-. or ol n pir k-ax made ol reimlvcr horn, tht‘. ﬂinl Miner
extracted his stone, and by putirlll ellort sll;l}*-'d it to s needs: the
hammer itself had reached its present refinement of shape by the
late neolithic period. During a great span of primitive life the slow
perfection of stone tools was one of the principal marks of is
advancing civilization and 1t control over the environment: this
reached perhaps its highest point in the Big Stone culture, with its
cipacity for cooperalive industrial eftort, as shown w the transporta-

tion of the great stones of s outdoor L mples and

dastronomical
ahservatories, and in 113 relatively high degree ol exact scientifie
Lnnnled.j;,t-. In 1s latest ]‘F'I'j"'l the use of clay fo potiery made It
]I{J*-htlrlr' [ preserve and store ]i.,r!]l[-_ as well as to ke i ] dried Pros
\I'-'HH'I*- l.“”“ I]llli-!..zll' ﬂnt] !}!l'(lr'k*-.' ,!.'IHT]I-‘I victory tor the }-L'Illiiti'*.l'
prospector who was learning to explore the earth and adapt its non-
nt'g;mitr contents to his uses,

There is no sharp breach between grubbing, quarrying and mining.
The same outcrop that shows quartz may equally hold gold, and the
same stream that has clavey banks may disclose a gleam or two of
this precious metal—precions for primitive man not only because
{I[ lrIZ-. I':I[H}' }jlll [II"i'LIl_l.*ﬂ_' it 1s sl II‘I-!III';TI'IT‘. "}H' bile, !""r--'l.\i'l;\ﬂillg‘
and mav be worked without the vse of fire. The use of gold and
amber and jade antedates the so-called age of metals: they were
prized for their rareness and their magical qualities, even more than
for what could be directly made of them. And the humt for these
minerals had nothing whatever to do with extending the food-supply
or t‘!ﬁl:illh“.!-.hing creature comfors: man searched lor pre clous stones,
as he cultivated flowers, because long before he had invented capital-
1sm and mass production he had acquired more energy than he
needed for bare physical survival on the terms of his existing culture,

-[f'l conlrast o I}Il‘: fﬂt‘t:thtn_lg]'l[ and sobet ]'llmlt'iil'lg of the I_H_'itSilnh

the work of the miner is the realm of random effort: irregular in

P I
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and uncertaimn in result. Neither the peasant nor the herds.
jnan cat gl rich asﬁtlif"nh; the first vh-uw A ﬁt'!l_l or piunta 4 Tow of
rees this yeat {rom which perhaps only hie grandehildren will gm
the full benefits. The rewards of agriculture are limited by the -

routine

' kllﬂWh
quﬂli[“' . ol vthl Illll seed and A (el L.Z COWs {']t_l not (_*ui\:g nmioye llll'_ln‘-‘l\'..i?‘

one yueil than another, nor do lllt"_n. have flfl:rr.’ll calves ilnblu_v-;ll] of ones
nd fo1 the seven years ol abundance seven lean vears, on the law
of averages, are preity sure Lo follow. Luck for the peasant is usually
4 pegative fact: hail, wind, blight, rot. But the rewards of miuin:g:
may he sudden, ind ll“-:,'- may bhear hittle i'l'Li'.':llH'l., ]j;,ni,,.”l_”l!r. in the
early stages ol the industry, either 10 the technical ability of the
miner or the amount of labor he has expended. One assiduous Pros:
pector ma} wear out his heart for vears without I‘m-lin;: a rich secam:
4 newcomer in the same district may strike luck in the first MHOMming
he goes to work. While certain mines, like the salt mines of the Salz-
kammergul, have been in existence for 1‘L‘Illu1'i-.“i, the aocupation In
gmu-tll 1 an unstable one.

Until the hiteenth century A.p., mining had perhaps made less
techni-'-!l Progress than any other art: the eNZInesTing skill that Rome
showed in aqueducts and roads did not extend in any degree to the
millf'“. Nl ,-,n--rr'i‘n' had lhl:* art remained for I_]ll]LI:--le'.llj-i of Vears n a
primitive stage: Liut the occupation itself was one of the lowest in the
human scale. Apart from the lure of prospecting, no one entered
the mine in civilized states until relatively modern times exeept as a
prisoner of war, criminal, a slave, Mining was nol regarded os &
humane art: it was a form ol puu'l-]lm-'.ul: 1t combined the terrors of
the dungeon with the physical exacerbation of the galley. The actual
work of mining. precisely because it was meant to be hurdensome,
was not improved during the whole of antiguity, from the earliest
traces of it down to the full of the Roman Empire. In general, not
merely may one say that free labor did not enter the mines until
the late Middle Ages: one must also remember that serfdom re-
mained here, in the mines of Seotland for {‘lamplﬁ, a considerable
time after it had been abolished in agriculture, Possibly the myth
of the Golden Age was an expression of mankind's sense of what i

had lost when it acquired control of the harder metals.
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(i TECHNICS AND CIVILIZATION
Was the social degradation of mining an accident, or does it lie jy
the nature of Ihingﬁ? Let us examine the ocoupation and its environ.
ment. as it existed through the greater part ol history.
Except for surface mining, the art is pursued within the bowelg
of the earth. The darkness is broken by the timid flare of a lamp or 4
candle. Until the invention of the Davy salely lamp at the ]n_*;_[i”“i”g
of the nineteenth century this fire might ignite the “"mine-damp™ and
exterminate by a single blast all who were withm range: to this day,
the possibility of such an explosion remains, since sparks may Gocite
by accident even when electricity is used. Ground-water filters through
l}]l: S¢imes i-ll]d hfllt‘ﬂ l]ll't'.‘tll"ll:—i 10 ”l_}{_li_l thie passages, |-1|Ii1 l]ll.idl*;'l'[
tanls were invenled, the passage itself was a eramped one: to extract
ore, children -!H‘Ii] women were l'l'll]l]t’r}'r'lj irom the earliest d;,l‘l,fs to
L‘l’flu'} J]l_!tlg Illf' NArrow lumu-]. di'ul,:_:;flrl;'] a laden cart: women j_“d‘-.,.,l]
were €0 used as heasts of burden in English mines right up to the
middle of the ninetesnth century. When primitive tools were not suf-
ﬁi‘it‘lﬂ 10 i'il'i‘.ult up [}'u_' pre or open a new I' e, 1 'wa ,rf'le-n_ n;-,-f.ﬁm”.y
to light greal fires in the difficult seams and then douse the stone with
cold water in arder to make it erack: the steam was *1-Fi~*r'~1ting_ and
l]lr: rnu-king Hti;,_l]!l in-,* 1Iflll:.:-_!t‘l"l|lr-: u'iLhHL[l Rirong .~1|~-:".'1:_-.:. n]'h_lll_- gal.
leries mighl fall upon lill' ‘.\'an‘.*-I'é, anai k.l'---.i'.wur!i-. this h;i]rpr'}rlt?d.

Tlli'. ll{'}t‘];,'lt*l' down the seams went the grealm the Irger, Lhe grealer

the heat, the greater the mechanical dificulties. Among the hard and
brutal cecupations of mankind, the only one that compares with old-
fashioned mining is modern trench warfare; and this should eause
no wonder: there i8 a direat connection, To this day, according 1o
Mecker, the mortality rate among miners from accidents is four times
as high as any other occupation.

If the use of metals came at a relatively late date in technics, the
reason is not Tar 1o seek. Metals, to begin with, usually exist as com-
pounds in ores; and the ores themselves are alten inuccessible, hard
to find, and difficult to bring to the surface: even if they lie 1n the
apen they are not easy to disengage. Such a common metal as zine
was not discovered till the sixteenth century. The extraction of metals,
unlike the t:u.llillg down of trees or the i]ip:;:in;r, of flint, |'+=11uirn5 ]'Iigll
lemperatures over considerahle periods. Even alter the melals are
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t-q“'ui‘tl"—l they are hard to work: the cisiest s one of 1]": moEt
precious. gold, while the hardest is the most useful, iron, In between
o 1, ]'.l.“]' copper, the latler of ‘l.*-'hii.‘h Can -1'IE' "ﬁ't.ﬂkt:lj L'uld n“'[}- in
gmall massos of sheets, In short: the ores and metals are recaleitrant
m-,;htli-llf“'? thev evade discovery and lhr"_l.; Tesist treatment. 0"1}' by
being softened do the metals respond; where there is metal there
must be hre.

Mining and refining and smithing invoke, by the nature of the
eull with. the ruthlessness of modern warfare: ﬂ"—'Y 'plam
. on brute force. In the technique of all these aris the

malel jal d
4 premiun
pmmdi“{-‘ operations are u}iinwnumt: the pick-ax, the sledge-hammer.
ihe ore-crusher, the stamping machine, the steam-hammer: one must
either melt or bre 'k the material in order to do anything with it
The routine of the mue involves an unflinching assaull npon the
physir-!l environment: every stage m i is & magnification of power.
When ]H.wm-m.n-lrmt . came in on a large scale in the fourteenth-
century, it was in the military and the metallurgical ars that they
were, pell!.igli, maosi v-i-[-‘.i}' ::;*Uhf‘il.

Let us now turn to the mining environment. The mine, 1o begin
with, is the hrst « ompletely morganie environment to e ereated and
lived in by man: far more inorganic than the giant city that Spengler
has used as a r’_a“.'.J-'.:T of the last slages of ll'ltl‘ljhiitlil:.'ll desiceation.
Field and forest and stream and ocean are the environment of life:
the mine is the environment alone of ores, minerals, metals. Within
e subterranean rock, there is no life, not even bacteria or protozos;
except in so far as they may filter through with the ground water or
be introduced by man, The face of nature above the gmund 15 !00‘1
to look upon, and the warmth of the sun stirs the blood of the
hunter on the track of game or the peasant in the field. Except for the
crystalline formations, the {ace of the mine is shapeless: no ﬁﬂdl?
trees and beasts and clouds greel the tye, In hufkillg and dlm
the contents ol the earth, the miner his no eye fﬂl’ lhe [ﬂ'l'm °..£
things: what he sees 1s <heer matter, and until he gets 1o his vein i
is only an obstacle which he breaks through stubibornly lﬂdﬁﬂd‘
up to the surface. 1f the miner sees shapes on the walls Gf [:um
as the candle flickers, they are only the monstrous distortions of his

tha eantents 0ol the 2arin. & I i S
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pick or his arm: shapes of fear. Day has been abolished ang the
thythm of nature broken: continuous day-and-night production f”'-i_l
came into existence here. The miner must work by artificial light ey
though the sun be chining outside; still further down in the Seams
he must work by artificial ventilation, too: & triumph of the “manu:
factured environment.”

In the underground passages and galleries of the mine thepe g
nothing to distract the miner: no pretty wench is passing in the fie]g
with a basket on her head, whose proud breasts and fank- remingd
him of his manhood: no rabbit scurries across his path 1o argyee
the hunter in him: no play of light on a distant river awikens hi;_-
reverie. Here is the environment of work: dogged, unremitting, cop.
centrated work. It is a dark, a colorless, a tasteless, a perlimeless, ag
well as u shapeless world: the leaden landscape of a perpetnal winter.
The masses and lumps of the oie itsell, matter in its least organized
‘[qunn‘ t‘l_‘!l‘ﬂp]['l!_* the pil'ﬂll't“. The mine is J'l-‘ff.r"‘fffl.f.,‘ 1."¢'._‘p,~ n P(-h',! .rhan the

if“

concrete model n_f the t‘e_rfltr';fhmf world which was built up by the
physicists of the seventeenth century,

There is a passage in Francis Bacon that makes one believe that
the alchemists had perhaps a glimpse of this fact. He says: “If then
it be true that Democritus said, That the truth of nature lieth hid in
certain tfr?t‘p mines and caves, and il it be true |'||-‘--1.'.'|_-e'- that the
alchemists do so much inculeate, that Vulean is a second nature, and
i'ﬂ"liiﬂlt"!!l Ih;lt l]f‘:'\.h’l‘nll'-r},' and t'lllH]H'.’H“HH--] v, which nature worketh
by ambages and length of time, it were good to divide natural philos.
l’l[_‘lll}’ il‘llt_‘l ﬂ]ﬁ Hlilli: and the furnace: and to make tWwo ]un['n-q@inug
or occupations of patural philosophers, some to be pioneers and
some smiths; some to dig, and some to refine and hammer.” Did the
mine acelimate us to the views of science? Did science in turn prepare
us to accept the products and the environment of the mine? The
matter is not susceptible to proof: but the logical relations, if not the
historical facts, are plain.

The practices of the mine do not remain below the ground; they
affect the miner himself, and they alter the surface of the earh.
Whatever could be suid in defense of the art was said with great
pith and good sense by Dr. Georg Bauer (Agricola), the German

histarical tacts. are nlan.
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to this day a classic text, like Vitruvius on Archi-
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' Firet as to the miner himself: I'he erities,” says Dr. Bauer, “cay
irel as

_ 'i

further U

millel" are

hreathe: sOmeLme
beinr « rushed in masses ol ro
o the sh Jts, they break their arms, legs, Or ek T

a perilous occupation to pursue because the
killed by the peshlential air which they

4 omining IS
'-"Illl'llllll" -
T|J:';|E lllll;i‘- Ot h‘ﬂ'.[}r; F”””‘ti]llt'-. n“, men ['l'l‘”l'i‘_-h

} k: sometimes falling {rom ladders
by

int . |
things like this rarely happen, ane
| they do not deter mmers trom CArrying on their trade.” This
ess, the

lasl sentence
and radium
irades were pointed out. Dr.

1 only =0 far as workmen are care-

has o {amiliar note: it recalls the delenses of potters
watch-dial manufacturers when the dangers of their
Bauer forgot only to note that though

coal miners are not party ularly susceptible to tubereulosis, the cold-

ness al.lld dal‘nllﬂ-*"-‘ somehimes the d . ‘ . | |
darl I|l llll'}. "*-]I.'I‘.Tl‘f \\|I]'| fioe ;j||1|_u,,*ﬂ|l_”-5_ Tllﬂ

OWTl if_:'hl welliess, ]uf_"di-?pnﬁe ﬂ'IE

miner to rheumali=m:

physical dangers ol mining
The aninmus of the nan;.-t: tr-'}lnulln' is reflected 1 his treatment

of the landscape. Let Dr. Bauver again be our witness. “Besides this
the strongest argument of the detractors 18 that the fields are d_EV-
astated bs Ini“!r-,;_: operalions, for which reason [DT'I'IIHI’I}’ ll&uﬂ'ﬂﬁ
were warned by law thal no one 41!11111] dlg the l'.'ill‘!ll for I:IIELEIIS :md
S0 injur:- their very fertile fields, their \-‘iney;lrdﬁ. and l]l&il' olive
ETOVES, Alzo they argue th;ll, ﬂu' \'-'[de:"-. and groves are cul dﬂ‘h’ﬂ.
for there is need of endless amount of wood for timbers, machines,
and the smelting of metals. And when the woods and groves are
felled. there are exterminate the beasts and birds, very many of
which furnish pleasant and agreeable food for man. Further, whgn
the ores are washed, the water which has heen used poisons the
brooks and streams, and either destroys the fish or drives them ﬁmf
Therefore the inhabitants of these regions, on account of the dﬁ‘f"
tation of their fields, woods, groves, brooks, and rivers, find great

remain hi;h; sOome are :-«li” un;wa.riduhle.




72 TECHNICS AND CIVILIZATION
difhculty in procuring the necessaries of life, and by veason of 1),
destruction of the timber L]it"_p are forced to a greater eXpense in
erecting buildings.”
TIH‘I'{‘ .IH no reason to g0 into DI‘. I‘;;.I.UI_'T"?- LIIHI_‘ t'!..‘]l]}‘: il h"ilp(’,'ns
that the indictment still holds, and is an unanswerable one. Qe
must admit the devastation of mining, even if one is prepared o
justify the end. A typical example of deforestation,” says a modern
writer on the Hlljt‘:'l, “15 to be seen on the caslern slolnm, of the
Sierra Nevada, overlooking the Truckee Valley, where the -_'ulling
of trees to provide timber for the deep mines of the Comstock lefg
the iul]-ldt r-).;pn:rfa_] O arosion, S0 that toda\' they are l‘lt".’i]-'\_, hi‘”'l'f.'[l
and hideous. Muost of the old minin}: I'r'-;_’inln tell the same tale, fmm
Lenures to Leadville, from Potosi to Porcupine.” The history of the
last four hundred years has underlined the truths of this indictment;
for what was only an incidental and local damage in Dr. Bauer’s time
became a widespread characteristic of Western Civilization just as
soon 4s i started in the -"5}:3|||:":'11”| century to rest directly npon the
mine and ils products, and to reflect, even in territories far from the
mine itzelf, the practices and 1deals of the miner.
One further effect of this habitual destruction and disorganization
must llt_'*. nn[Pr:]: its Psy L']Il?!(?;ﬁ]!'.il reaction o E!h- miner. Perhaps in-

-

r*vilahl}" he has a low standard of living, Paitly, this 1s thie natural
r.':"tfr‘l of ['H[,Iil&i“‘rt lllnm:i’n-l'}.‘ often exerted and maintained ln}-‘ Ph}'Si-
cal compulsion: but it exists even under relatively free conditions
and in “prosperous” times. The explanation 1s not difhcult: almost
any ﬁighl 18 l‘Jrighh.r than the pi[, almost any sound 1s sweeler llum
the l':[itl!g and ra P of the hammer, almost any rough |';|l|in, S0 lmig
as it keeps the waler out, is & more hospitable place for an exhausted
man than the dark damp gallery of a mine. The miner, like the
soldier coming out of the trenches, wants a sudden relief and an
immediate departure from his routine. No less notorious than the
slatternly disorder of the mining town are the drinking and gambling
that go on in it: a necessary compensation for the daily toil. Released
from his routine, the miner takes a chance at cards or dice or whippet
raging. in the hope that it will bring the swift reward denied him n
the drudging efforts of the mine itsel{. The hercism of the miner i

i :I-'l-“-l rll'-'l-ql'll-"l“r'-i rF‘i'-l-rlr"l 1'.-;i_ 'F_-r':-**l;"ﬁ-n.'l Mi--l- !|||-|- !l‘llrlt-ililt‘; le:qll Illﬂ
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Lis simple animal poise: his profound personal pride
'rI'H_'[- Wi

»_nuil“'-: « I alzaio o i] { inr_'-wl;-:l.'l ! ﬂu'n:_
[ espect- But the brut Jization 1s also iy

H_‘.] f-1

Nl'n'-'. the €
.th“l: l[ll.'}' £O ar,
domain,

ha]ul'h'f'i'ﬂ“r ]1|i.*l||m1'r~ ol mining do not .ﬂli_'!'p al 1[1&
maore ol |ess, mn all tht'. ACCessory ﬂl"'ll|"!'-'11iﬂl‘|.?.
‘0 northern mythology, of the gnomes and the
. ﬂlt' ,-”“uin-;_ 1ill1l ]lt'ulrlt‘ h*-}’lO LIIOW hl:rw {0 use lhi: lw“uw:‘
' the hamimer and the ;euvil. Thr*j,r', tan, live in the dl.'plhE
il there is something a hittle inhuman about them:
d to be ,l.l_.ilrt'n‘. and tricky. Shall we set this characterization
e | mistrust of neolithie peoples for those who
st of working in metals? Perhaps: at all events
that in Hindu and Greek mythology the same general judg-
s in the North. While Prometheus, who stole the fire
heaven, is a hero. Hephaestus, the blacksmith, is lame and he
iy f the other gods despite his usefulness.

5 I the mouniains, !]ii‘ t‘|'!il'|t"., the furnm-tr, :.IIHI Illﬂ

Usually pockete

forge have remained of ¢
oiotony add to the defects ol he activities themselves. In an old
m

industrial domain, like the Rhine Valley, dmhraled. 16 imluﬂlr‘yisim::;!
the days of the Romans and refined by the technical :mcl' Cﬂill ad-
vances Of the W]E--L‘_' 1'-|rr:::1'-inif‘_-, - e llil'r?l“l l‘ﬁm:t i.‘_)f ﬂ]g‘muwr 5 (:1:11.
ture may be greatly ameliorated: this is true i!,] the Essen district

| leadership of a Krupp and the later

tnday, thﬂl‘lkh () I‘.u' OT1£114
Rut taking mining regions as a whole, they

a little off the track of civilization: isalation and

planning of a Schimidt, + whol
of hackwardness, isolation, Taw animosities and

lethal struggles. From the Rand to the Klondike, from the coal mines
of South Wales to those of West Virginia, from the modern iron
qent silver mines of Greece, barbarism

are the very image

mines of Minnesota to the ant
colors the entire }nh-]n‘i'r. '

Because of then urban situation Hﬂd 4 more humamzed I'llﬁl
and the smith have often aucaped this

allied with jewelry and

environment, the molder

influence: goldsmithing has always been _ g
women s ornaments, hut even 1n the t‘arlj' RL‘H&EEEI‘IGE'H‘DHWE

ltaly and Cermany, for example, mn the locks and hail,ds of chests
as well as in the delicate traceries of 1*ai1ings and htuﬂkelfi, thmthi:
point directly to a more pleasant life. ln the

a grace and ease that
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main, however, the mining and metallurgical arts were outside 4
social scheme of both ¢lassic and gothic civilization. That {aet pro| -
u sinister one as soon as the methods and 1deals of mjninj_{ le“lvhl
the chief pattern for industrial eflort throughout the \X'r-z«lrerh “It;"r]n;f
Mine: blast: dump: crush: extract: exhaust—there was indeed « E:
thing devilish and sinister about the whole business. Life fouri I]ne:
finally only in an environment of the living. -

3: Mining and Modern Capitalism

More closely than any other industry, mining wis bound up with
the first der{‘-]opn'n}.!lt ol modern L'::pitlt“hm. Bj. the sixteenth centur
it had definitely set the pattern for capitalist exploiation, Y
When mining was undertaken by free men in the fourteenth cen.
tury in Germany the working of the mine was a simple partnership
on a share basis. The miners themselves were olten ne’er-do-wells
and bankrupts who had seen better days. Partly abetted no dﬂul)-t
h}' this VeTy ap]ﬂil:n[iun of [ree labor. there was a flirfd advance-
menl in h‘*e"‘hl'liqm‘ in the German mines: by the sixteenth rnntufy
those in Saxony led Europe, and German miners were imported into

other countries, like England, to improve their practices,
ﬁelz;]:S;ci;:]?i::L:lh::iﬁ‘j_:?;“l”!,‘f a:w.‘i:-n.- r-Hl'\ llhr'l-'i'*'.'.tlltjns to new
' I ] mpii ale :J machin IS L1 pumping water,
h&ullllg ore, and t’t'rltilating the mine, and the further -L[rpli(fa_tion
'_O'f waterpower to work the bellows in the new lurnaces—all these
improvements called for more capital than the original workers pos-
sessed. This led to the admission of partners who contributed money
instead of work: absentee ownership: and this in turn led to a
grudua] expropriation of the owner-workers and the reduction of
l_hﬂit‘ share of the profits to the status ol mere wages. This capitalistic
development was further stimulated by reckless speculation in mining
ghares which took plilﬂl‘. ds Eur]}‘ as the hfteenth century: the local
lal:ullﬂrdﬁ and the merchants in the pearer cities eagerly followed
this new gamble. If the mining industry in Dr. Bauer's day showed
mf'"}' ﬂI. the modern improvements in industrial nrg.mig:tﬁnﬂ—lhfﬁ
triple shlfil, the eight hour day. the existence of guilds in the various
metaHurgmal industries for social intercourse, charitable H_*“'-lmlp

shares whirh ook nlare as early acs the htteenth cenlturv: the |local
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it also showed, as the result af capitalist pressure,

;.nll inhumll‘.‘-f; . features of niuclm‘nﬂl century Hldu'élr}' lhrnughmlt
the characterist) ‘i““ {'.I[ clacses, the use of the strike as a weapon

1'_ [l[l.‘ div.l‘* | + ' :
the bitter class war, and finally the extinction of the

. by 4 combination of mine-owners and the feudal no-
. so-called Pea ants’ War of 1525,

was to ahbolish the cooperative guild
ing ndustry. which had characterized its technical
ul 1o pl.n'r' it on o iree hasis—that is, a
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cial protection. Even the serf had the safeguard
ementary security of the land iteeli: the miner
at the furnace was o [I'I"E‘-—Th.lt is, an Hnpro-
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of custom and the el
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and
tecled——workur:

the nineteenth century.
machine technics had kn
canctions and protechons
stepped almost divectly

slavery to the hardly less inl
the degradation of the worker followed.

wherever 1t wenl,
But in still another way mining was an important agent of cap-
{ commercial enterprise in the fifteenth

imlism. T]le g_LT*"-ll !lu‘.'f‘ri 1)

century was for a sound bt r--~.p.m-ilnin currency, and for t:apilal

fl 1S in] 1 :]'ittfd W LiE[I"-“ t_lrkt‘l‘ U{

wn onlv tor a moment n il ]Ii'-l{)l“}' the
and humanilies ol the {_Illﬂd sysltem: it
‘rom the inhuman exploitation of chattel
Hman t'xplt.tildtit.ﬂl ('-!' Wage Elil'i.'t.‘l'}'. Alld

¥
]

r;t]ul.d ;1'--1_--.1:—#11:_:;1!5. mills, mil’sﬂ-ﬁh&[lﬁ,
docks, cranes—for industry. The mines of Europe began to supply
this need even hefore the mines of Mexico and Peru, Sombart calcu-
<ixteenth centuries German mining
carned as much in ten vears as trade in the old style was able 1o
red. As two of the greatest fortunes of modern
timez have been founded upon monopolies of petroleam and alo-
minum, so the great fortune of the Fuggers in the sixteenth century
was founded upon the silver and lead mines of Styria and the Tyrol
and Spain. The heaping up of such fortunes was part of a cycle we
have witnessed with appropriate changes m our own time.

{o ]}I'U"a'il]t‘ the necessary

lates that in the filteenth and

accompligh i a hund
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First; improvements in the technique of warfare, especially the
rﬂpid g]‘uwllt of the {il‘lilltﬁ‘l'}' d 11, iIll'l’l;‘.‘I:—Lt‘_ll the [‘I"lllfhlll'ﬂ[_llil.’!ﬂ of i[u“:
this led 1o new demands upon the mine. In order to finance the ever
more costly equipment and maintenance of the new paid soldiery,
the rulers ol Europe had recourse to the financier. As security f0r
the loan. the lender took over the royal mines. The development of
the mines themselves then became a respectable avenue of financial
enterprisr-. with returns that ('nm['l;lrf‘ll f;n'ur.l’nh' with the usurious
and g(‘]'lf‘l'u“}' unlm}rﬂblﬁ mnlerest. 51‘_111!‘]1*11 h} the 'Illlll.'li_i_] notes, the
rulers were in turn driven to new conquests or Lo the exploitation of
remole territories: and so the ¢y cle began over again, War, mechani-
zation, mining, and finance pla ved into each other’s hands. Mining
was the key industry that furnished the sinews of war and increased
the metallic contents of the original capital hoard, the war-chest: on
the other hand. it furthered the industrialization of arms, and en-
riched the financier by both processes. The uncertainty of both war-
fare and mining increased the possibilities for speculative gains;
this provided a rich broth {or the baeteria of finance to thrive in.

Finally, it is possible that the animus ol the miner had still another
effect on the development of capitalism. This was in the notion that
ation to the |]“;”H]1}' of brute work done

economic value had a rel
and to the searcity of the product: in
emerged as the principal elements, The rarity
monds: the gross work that must be done to get iron ¢
H.I'Id tEﬂd)’ [ﬂl‘ l]‘lf.' I'U“ing I‘ﬂill—tliwm: h'!llif-‘l] LO I'HL' t|lr' r‘l'itﬁriu of
cconomic value all through this civilization. But real values do not
derive from either rarily or crude manpower, [t is not rarity that
I'I gives the air its power to sustain life, nor 1= it the human work done
that gives milk or bananas their nourishment. In comparison with
the effects of chemical action and the sun’s rays the human contribu-
tion is a small one. Genuine value lies in the power to sustain or
enrich life: a glass bead may be more valuable than a diamond, a
deal table more valuable esthetically than the most tortuously carved
one, and the juice of a lemon may be more valuable on a long ocean
voyage than a hundred pounds of meat without it. The value lies

the caleulus of cost, these
of g:nl'], rithies, dia-
nit of the earth

directly in the life-function: not in its origin, ils rarity, or in the

'{'ﬂ'[ﬂ'l‘l't‘: VILLUE oS (0 oac o eaT s
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work done by human agents. The miner's notion of vilue, Hke the
financier's, tends to be a purely abstract and quantitative one. Does
the defect arise out of the fact that every other type ol primitive
environment contains food, something that may be immediately trans
lated into life—game, berries, mushrooms, maple-sap, nuts, sheep,
(ish—while the miner’s environment alone is—salt and sac.
ot only completely inorganic but completely inedible?
The miner works. not for love or for nourishment, Lint to “make his
pile.” The classic curse of Midas liecame perhaps the dominant
characteristic of the modern machine: whatever it touched was turned
| the machine was permitted to exist only where

CoOrn,

charin aside-

to gold and iron, an
f__‘.illil ans'l 1ron l'i‘mlLl SEIVE a5 i-.nmrl:nmu.

4: The Primitive Engineer

The rational conquest of the environment by means of machines
is fundamentally the work of the woodman. ln pary, the explanation
of his success can be discovered in terms of the material he nses.
For wood, beyond any other natural material, lends itself to manipu-
lation: right down to the nineteenth century it had a place in civili-
zation that the metals themselves were to assuine only after that point.

Tu the forests of the temperate and sub-arctic zones, which covered
r part of Western Europe from hailltop to riverhottom, wood
most commaon and visible part of the environment.
dones was a laborious business, once the stome

the greate
was of course the
While the digging of
ax was shaped the cutting down of trees became o relatively easy
task. What other object in nature has the length and cross-section ol
the tree? What other kind of material presents its cluracteristic prop-
erties in such a large assortment of sizes: what other kind can be split
and plit again with the cimplest tools—the wedge and the malley?
What other common material can both be broken oto ﬂeﬁﬂilﬂ lanes

-

wnd carved and shaped across those planes? The sedimentary roeks,

n
.
=

which most nearly altain to the same qualities, are poor substinies
for wood. I'nlike ores, one can cut down Wﬁﬂﬁﬁhm the & ,ﬂ,_
fire. Using fire locally one can hollow out an enormos log and
turn it into a canoe by charring the wood and ”“'E.,i;'%i’. out wi

" ehisel, Dawn to modern times the solid &

a primitive gouge

LT T ey s == Y
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of the tree was used in this primitive fashion: one of Direr’s enpgray-
ings shows a man hollowing out a gigantic log; and Lowls and tuhs
and vats and troughs and benches were long made of single blocks
close to the natural shape.

Wood, different again {rom stone, has exceptional qualities for
transport: the trimmed logs may be rolled over the ground. and
because wood foats, it can be II'.HH}JHll’.cd over lOll:,_' di-.l.ilri'r.-, [q,
means of water even belore boats are built: an unrivalled ;t-]‘.':mhi;.:r-,
The butlding of neolithic villages on wooden piles over the waters
of lakes was one of the surest witnesses to the advance of civilization:
wnml l[f‘]i'.'t‘l‘t'l_l man l'lnm ST llllr]t‘ to Illl' ciave .uni to [l:-‘ ( :J]wl earth
itsell. Thanks to the lightness and mobility of this material, as well
as 1o its wide distribution, one finds the products of the woodman
not merely in the uplands but down by the open sea. In the marsh.
]r'll’lll'.'i nr thr nuTIII l.‘”.']‘-lt.'l} area in i‘li_H'llj-t‘. one finds ':r W -~.H!lr11’cll
sinking his piles and building his villages—using his logs and his
mals of tuigc. and branches to serve as bulwark against lih* LYY 1.-1111}*_
ooearn H:ﬂt] 10 ;Hjuh i[ ]l,ll'k. l'ri_u' ﬂu_mnilmiu of vears wo |'|| alone r11.:1f|'
navigation possible.

Physically speaking, wood has the qualities of both stone and
mr_-ta]: hu-:_mg:»r ill cross seclion Iiu.tll 158 SlOonNe, wood T -H:t-”'ﬂ '*lf't"l
in i1s physical properties: its relatively high tensile and compressive
strength, together with its elasticity. Stone is a mass: but wood, by
I8 nature, is already a structure. The difference in loughness, tensile
strength, weight, and permeability of various species ol wood, from
piili‘ lo I'l{'lﬂ"l]lt"dlﬂg frf.,u cedar o tenk. give wood a natural range
of adaptability to various purposes that is matched in metals only
as a result of a long evolution of metallurgical skill: lead, tin,
copper, gold, and their alloys, the original assortment, ollered
meagre chaice of possibilities, and down to the end of the nineteenth
century wood presented a greater variety, Since wood can be planed,
sawed, turned. carved, split, sliced. and even softened and bent or
cast, it is the most responsive of all materials to craftsmanship:
lends itself to the greatest variety of techniques. But in s natural
slate wood keeps the shape of the tree and retains its structure: and

the original shape of the wood suggests appropriate tools and adap-
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tations of form. The curve of the branch forms the bracket, the forked
stick lorms the handle and the primitive type of plow.

Finally, wood is combustible: and at the beginning that fact way
maornre im]mrlunl .HHI more f.n'ui;llllnf to human ljt'\‘r_'lupuwm III.IH ;_1“:
fire-resistance of other materials. For fire was obviously man's
greatest primitive achievement in manipulating his environment as
a whole: the utilization of fire raised him a whole plane above his
H-T'.II"'I. .'H]"l“.l“!-"“ f-f'“l.l'“ll“'|'|'.-|t.l.""'. k\-h'qr’\f‘r l']l' 1'|H|lli g.l‘lli,‘r il il'w
dried sticks, he could have a hearth and an altar: the germs of social
life and the !--|~-‘.~||u|-l.r of free lhn\l;l_llt and Hllm'n1|1|.1linn. I.nng
before coal was dug or peat and dung dried, wood was man's chief
source ol energy, beyond the food he ate or the sun that warmed
him: long after power machines were mvented wood continged 1o
be used for lfpel, iIn the first steamboats and railroads of America
and Russia

Wood, then, was the most various, the most -al'l.j[wu]_llr*, the most
serviceable of all the materials that man has employed i hig tech-
r,nfn}_”_.; even stone was at best an ACCEessOTY, Waood gave man his
preparatory training in the technics of both stone and metal: small
wonder ‘!Ea:L[ he was faithful to 1t when he IH‘FJTI 10 tr;lnr-lult'. hi:-'-
wooden temples into stone, And the cunning of the woodman 15 at
the base of the most important pn-!-w'nlilhil‘ achievements in the
development of the machine, Take away wood, and one takes away
literally the props of modern technics,

1The |1!,n-' aof the woodman n e ll[:l-'.-‘!l 11"‘1‘#!1‘1‘”!“*1[1 ‘Hlﬁ I'll.l.'l:l]f
heen appreciat d: but his work is in faet almos SYnanymous with
power production and industrialization. He is not merely the wood-
cutter who thins out the forest and provides fuel: he is not merely
the charcaal bumer who converts the wood nto the most common
und effective form of fuel, and so makes possible advances in metal

lurgy: he is, together with the miner and the smith, the primitive form
of enginecr, and without his ¢kills the work of the miner and the
mason would be difficult, and any great advance in their arts would
have been in1pn:—.-ilr|n. It is the wooden .-Jmt'ing that makes pﬂﬁﬁﬂllﬁ
the deep tunnel of the mine, even as it is the scantling and Nﬂlﬁﬁl\!
that make possible the lofty arch of the cathedral or the wide span
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ol Ihl' stone "ililll_:_‘ll. ]I‘ wias the woodman who -Ir"-r‘lillit‘ti tli-* whee] :

the potter’s wheel, the cart-wheel, the water wheel, the spinning.
wheel, and above all, the greatest of machineools, the lathe. 1f the
boat and the cart are the woodman’s supreme contribution to trans.
lup|'t1 Ilh !:;Jl'l'r], u'th Il -]-.lllul 115 01 compression and ti*llninu (§)
achieve Huh'*l-tl'f_"hl‘lu'.«-- 12 one of his most H-;.*"Tli*.mu utensils: a great
advance in strength and lightness over clay containers

As for the wheel-and-axle itsell, so 1mportant 1s 1 that Reuleaux
and others have even satd that the technical advance that characterizes

‘-jlr'i'iﬁt'.l“_v the modern age is that from Feciprocaling molions to

.||.:Lli,:+ =W
9

rolary motions, Without a machine for accurately turning cylinders,
SUTEWs, I‘i-lrur— Lo mng mstruments, il would be ll-‘-!"-“"”*i' O ¢reate

further instruments of precision: the machine-tool makes the modern

l'll.h'hilir* ]!l-'.'ﬂll*lt'. Till l.l!}u' wis Lhe woodm =|L-- (deCisIv -'I'-IH'!EIHIHI{I

W d ® 1 .
o the development of machines. First recorded among the Greeks,

11X .] 1 ArLS 11'i}l!'il

the [*IHIHIH':' lorm of the lathe consisted ol two
hold the spindles that turn the wood. The spindle is wound up
by hand and rotated by release ol the bent sapling to which the

umuu] f_ur-l 1S .t”d-}quL Lhe turne: halds a chisel o) 2 U EE -'-:.-zeainst

the ln'l':ilin;_: wood which, il accurale 1y centered, becomes a true
evlinder or some modification of the eylinder. In this erude form the

. , i the Chiltern Hills

lathe 15 still used—or was filteen YRS ag—=213
lees shaped 10 pattern {or

]

in England: good enough to produce chan

the market, As an mstrument of fan precision the lathe existed !Hrl;.-.:

belore its parts were cast in metal, belore the crude form ol power
-|-a.[Tin‘ MO r'i'J-*rI;'r‘ Ih{t
<t to steady the

was converled into a foottreadle or an
stock was made moveable or the ."i-}_!llhr.lh_l-- slide-
chisel was wvented. The hinal transformation of the lathe mo a
metal instrument ol vtu]niaih' accuracy awaited the eighie ath een-
tury : Maudslay in England is often given the credit lor it. But in
essentials, all the important parts had heen worked out by the wood-
min; while the [ootdreadle ;ll'tuu“j.-' gave Watt the model he rn'r*llﬂl
for translating reciprocating motion into rolary motion in his steam-
engine.

The epecific later contributions of the woodman to the machine
will be taken up in discussing the eotechnic economy:. Enough to
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Imin! out here the role of the woodman as enginesr: bhuilding dams,
locks, mills l"ll”'“Itj.‘_ mill '.-.[n-:]-‘, nnrnllu]hh;_g Lhe {low of water.
Serving directly the needs of the peasant, the woodman afien merged
with him. Envivenmentally, however, he was l-'.lll],fhl hetween 1wWo
mavements that have always threatened and somelimes luillfll”'{
narrowed the realm he has reigned over. One was the demand L';[
the farmer for maore arable land; this converted to mixed “”“;“F
sotls more htted for tree culture. In "1It1]1|'#', this has gune on so
far that the remaming trees mav be menrs v a small |IIIJlﬂi! or o row
ilhouetted agamst the sky: in Span and other parts of the Mediter-
ranean it has resulted not merely delorestation ]mt serious soil
erosion: the same curse alllicts the seat of even more ancient civiliza-
L1OYIE i”.-' Ill'!-ll 'l'j China. Ial']alb £ L'll ]-i:~ O ir:*-'u ll'IllHlir-ll n l]u"
State of New York by the purchase and reforestation of the marginal
agrioultural lands.)

From the other side of our typical valley section came pressure
irorm the miner and the ;__:};i_-é.lu.||-_¢-|_ 'H'_q.' the sevs nteenth century lhu:
marvellous {_r.:]-s' forests of LT._';:LIH-* had already lu-u'-n sacrificed L llll.’.‘
iron-maker: so serious was the -|Hr1'1;1!_'u' that the .'\ii'l'!lrll'lh‘.\' under
Sir John Evelyn was forced to pursue a vigorous policy of reforesta-
L101 itl Ill'+31‘}' 1O }1.1\'-._“ t'null::h l]mlu'l 11,”‘ ﬂn’ “nLll 1""\.H.'_'.. r“u?_ Con-
tinued attack upon the woodman’s environment has led ta his expuls
g10n 10 remoler areas to the birch and hr forests of North Russia
._H:J .I:;-'l'.HH“H.!‘. t1 to IIH_’ f“':s'TI.Ji- mu] Hl” Li[ 5 llf America. =50 imprri-
LS !I!~'.II'III T!I{,' +1||1'||1'|!'I‘1_'|;_:] |,]:'1|'|_'l|||]- =1l ;1|.1thnrit;1hu* lll;'_i'.‘lnll,‘_* [I‘li:
|'t|inf_" I'H*- Tlll_'fl'lmln '[h.f.i fOTest -« IIll:tl::, wis I‘l"{frll.'l'il 1||_ning ”II"' I'li'lll'h*t‘.nl]l
century to timber-mining: today whole forests are Sl.lilglﬂl"’rﬁll every
week to -u}rph the Prosses of the i‘:iul]d;l'j,' Newspapers :Ilunet
But wood-culture and woodiechnics, which suryived through the
age of metals, are likely also 10 endure llu“n_'mgh the d e of ﬁ}']llhﬂiil:
compounds; for wood itself is nature’s cheaper model for these

miiel 1:?]-

5: From Game-Hunt to Man-Hunt

Perhaps the most positive influence in the development of the
machine has been that of the soldier: in back of it Lies the long
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. Originally the call of the hunter
for weapons was an eflort to mcrease the f‘"""""l‘l"?- hence the
Is, spears, shings, and knives

dun-]npnu*nl of the primitive liunter

invention and improvement of arrowhen: |
from the earliest dawn of technics onward. The projectile and the
twao r-lit*-'l.ll lines of tllih l]l"!-t‘]l"[Jlllt.'Iﬂ: ;llld

hand-weapon were the _
il 1Il”‘-]:'~t'1l h'l"ll'l'['l*

while the bow was perhaps the most eflective weap

the modern gun, since it had both range mnd accuracy, the sharpening

of r_‘li.ﬂ'ﬁn ’hiLh the inlr-u‘]urtinl: ol bI'OlI;-"u"' ;{lltl Iran was _---.'.'HH.'I“_'.' lr-__-.j
important. Shock and fire stiil remain among the chief tactical
measures of warfare.

If the miner’s task is non-organic the hunter's is anti-vital: he is
a beast of prey. and the needs of his appetite as well as the exeite-
ment of the chase cause him 1o inhibit every other reaction—mpily or
esthetic pleasure—in the act of killing. The herdsman domesticates
animals and in turn is domesticated by them: their protection and

their nurture, in itself the outcome no doubt of man's prolongation

3 " { i ¥ Z'|i prl"r-_-., i :
of infancy and his more tender care of the young and helpless, bring

aut his most humane instincts, while the peasanl learns to extend his
sympathies beyond the boundaries of the animal kingdom. The daily
lessons of crop and herd are lessons In co-operalion and solidarity
and the selective nurture of lite. Even w hen the farmer | 1lls, extn pat-
ing the rat or pulling out the weed. his activity is directed toward
the preservation of the higher forms of life as related to human ends.

But the hunter can have no respect for life as such. He has none
of the responsibilities which are preliminary to the farmer’s slaugh-
ter of his cattle. Trained in the use of the w eapon, killing becomes
his main business, Shaken hy insecurity and fear, the huntes attacks
not merely the game but other hunters: living things are for him
potential ineat, potential skins, potential enemies, potential trophies.
Thiz predatory mode of life, deeply ingrained by man's primordial
aflorts to survive bare-handed in a hostile world, did not unior-
tunately die out with the success of agrieulture: n the migrations of
peoples it tended to direct their animus against other groups, par-
ticularly when animals were lacking and the food-supply was dubi-
ous, and eventually the trophies of the chase assumed symbolic

aeriecnltore: in the MIgraiioins us

st mb il dia mishk wslls 1hae cunorede 6
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{orms: the treasures of the temple or the palace became the object
of anack.

The advance In the “arts of [u_*.'lu-“ did not in teell lead 1o
peace: on the contrary, the i|n]-rlm-tr‘.r-nl ol weapons and the repres:
sion of naive hostilities under the forms of organized life, tended
to make wal itsell more savage, Unarmed hands or feet are rrlutive]y
innocent their range 18 lil!lil“tl, llu-:ir I-'iri-'l'[l'thrlf‘:i'-. 14 low. Ii 15 Wilh
the collective organization and regimentation of the army that the
(‘:Hl”inl‘.lﬁ belween men have read 1:-*:1 lu‘llr:h!-- 01 l!-l"-i.!-,l]lt'jr' and terrorism
that primitive peoples, with their merely post-mortem cannibalism,
might well envy.

.]';Ir-!i'!;_.' ﬂ!r' INstruments of warfare more ellective, men ht_ll.liﬂﬂ
new occasions for their use. Robbery is perhaps the oldest of lubor-
saving devices, and war vies with magic in its ellorts to get somes
thing for nothing—to obtain women without possessing personal
charm, to achieve power without possessing intelligence, and to enjoy
the rewards of consecutive and tedious labor without having lifted
a ﬁn;_;fq"l in work or learnt a .-é’1;~,."l' ysetul kall. Lured ib}' these pos-
cibilities. the hunter as civilization advances turns himsell to sys
tematic conquest: he seeks slaves, loot, power, and he founds the
political state in order to ensure and regulate the annual tribute—
enforcing, in return, a necessary modicum of order.

While pottery, basketwork, wine-making, grain-growing show only
"-ll]‘lf"lﬁt‘i.l] im]-rv-'w menis [,mm Ilf'ulilllll‘ UI]h'- DIW ;H'ul. llw impruve—
ment of the instruments of war has heen constant. The threefield
syslem ]ir!'E'_'{_"[':'qi in British Ag icplture down to the {'igh!ﬂl'l'ﬂll century
u-‘]ilil'! the tools used in the remoter areas of Eng]und Wl‘llllii have
been laughed at by a Roman farmer: but the shambling peasant with
his pruning hook or his wooden club had meanwhile been replaced
by the bowman and the spearman, these had given way lo the musket-
eer, Lhe musketes had heen Ijlnu.‘l] mto a smart, !-I‘ll‘{‘ll.ﬂl‘lii.‘,ul'l}" re-
sponsive infantryman, and the musket itself had become more deadly
in close fl;:h!in;_z in}' means of the bu}-'nm:t. and the hayunel i turn
had become more efficient by means of drill and mass tactics, and
finallv, all the arms of the service had been prugressiwljf CO-0T-
dinated with the most 1:1*:*:11.11}' and decisive arm: the El"tiul!'l'jh A

Ter colimes Fieslabissg R smaane al the hnvonmel. and the bhavyonetl an
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TECHNICS AND CIVILIZATION 111. THE DANCE OF

Bl
trivmph ol mechunical improvement: & triumph of regimentation, I it [
’ . |+ Sixieenlh <Eflury walth abillty o
I{ the invention of the mechanical clock heralded the new willito. punetuality chatseteriand the suscesaful
order, the use of cannon 1n the fourteenth century l.‘ll.[.up--ul the will- bourgeaisie: heree the fashion of carry
] I 1 1 i |1l i iy [] ¥ -
IH-IIIH‘L’IT: i‘IIII:I Ii“‘ FATTE Il]llr' as we I\'llll‘t'l. Lt ]'trl'l['i**-l‘tll- lI{(' l*ll]\i(‘,]!_{pr”-r ing private ume-keepel [.‘u m th X
reenth  century onwird  The funtasii
Ehupw ol many rarly walcle show how

and systematic embodiment of these two prime clements.
The recimentation of modern warfare carries much farther than

the actunl dise ![-hnn of the arm iseld. From rank to rank PaSSes

tardily the muchine found its form.

l]li' HHHE 1_'I[' l‘:l!l'llljhllld.' that IIL%*-—;!:_"P “nlll&] he iJ!llH'.lq:l ]t._ '”"I"~'-ll 2: The printing press was o power{ul

1 . : . - sent for prodocing amiformity in lan
of mechanical obedience, it met with a more active and parlicipating r e | .

: - . guage and by degrce i l!.'-'lj._'h!.

form of adjustment, involving a knowledge of how and why and crandardisntion.  moseprodostion. and

hh--l‘r—fllll'l' ;Il]{'] Ton hinbln and to ‘U.]J.:l -‘IJII' T]If! ""‘llilll.lﬂdi_'i_- u{ ”‘Iq' capitalislic enerprise came in with the

" : 4 : . printing [ anid not withou! mony,

*l"{l"l'lllfl centiry u]jwn‘ln.r‘Ir.'.(I U!.lt f‘m"- Liveness 111 :||-.l.-'_--hf_;]|[ll1;_-', 111- hJ l|| ! 3 - - '; |

. & .2 3 the olilpsl nuwe representation e

erensed in proportion as the individual soldier was reduced to a ncess, shown liere, appeared in & Dan

: .
{ Death prinled &l LyOns 0

power-uni and trained to be an automaton. The weapon, even when
1t i-_,; f10l |,'|_nr|l H{A] i||[li1l |h‘i{l'h, i*‘ H-'k'-‘l‘ﬂlr']r-ﬁ d meiuns 101 s.-inl's.-r-_ing

a I'.Iill'[l'l'l‘l ol ]IHHMII bph.n'{u[' '\'Llflllnll woold not i :flfr‘Ili._‘[:F un]..n_._-__

the alternative were ph‘_-.«in';ﬂ mutilation or death: 1t 15, 1n short,

menns ol creating a dehumanized response in the enemy or the - od

M |

viotim.
The general indoctrinstion of soldierly habits of thought in the

seventeenth century was, It seems probable, a greal psy chological

aid to the spread of machine industrialism. In term: of the barracks,
the routine of the fm‘lm'},‘ seemed toleralile and natural. The hpwﬂd
of conscription and volunteer militia forees throughout 1the Western
1WL‘M“II'.‘] alter the French Revalution made army and i iclory, so far
as their social effects went, almost interchangeable terms. And the

complacent characterizations of the First World War, numely that

it was 4 largescale industrial operation, bas also a meaning in e |
reverse: modern industeialism may equally well be termed a large- e astanent Ban)
scale military operation. T I1I I
Ubﬁerve the enormoits incredse in the army as a POWED unil: the .
power was multiplied by the use of guns and cannon, by the increase g il
in the size and range of cannon, by the multiplication of the number ' otk
‘af men put in the field, The first giant cannon on record had a ba rrel e o
over three and a hall meters long, it weighed over 4500 kilograms: ey | eohtailiade D1
dominan .

it ippeared in Austria in 1404, Not merely did heavy industry S .

l-.' I."' ' I. — -I . 'I - = - --! R ———— I---l- 'l-:} ';'I-'l-r‘-l-"-l.—l‘ji.:ﬂ
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develop in response to war long before it had any contributions of

iml_mrllllh ¢ 1o make 10 the arts ol peace: 1“". ﬂft.‘ *['I.Ii”“.lrll'“!-i”“ ol
life. the conce plralion upon power as an end i Asell, ]l'l"-“'-'-'l'-df”-l.ﬂﬁ
rapidly n this department as m trade, In liuf"l\' of that DRSS BETOWINE
. for hife in its variety, its individuality, its natural

contempt for life | |
1\ ”Il [lll’_‘ .1I:1Ifr‘:t1—t:a in I.i"" *"”'l.'h‘ll'l;i-l_]pqﬁ

INSUrgence .fi!'i r"-ll‘n rance, | . .
of weapons, came likewise a growing sense of ""'l""'llt'“i‘,"r in the
oldier himst [f: his strength, e e LIIil'll"Hlll]g‘ Ill'nln_*rllt:'.r-_. h'dlll-‘_'llft’ﬂ.
heightened by techmological advance. With a mere pu'.ll ol the l”gg'tr'
ke could annithilate an enemy s thal was @ nuunpll of natural magic.

{1 '\\.'.:I[;Ur' !1|I-J I!:-‘H'HIEUH

Within t]:-' domamn ol warlare there li-'t‘ heen no ]""'1“""11"'rj"llhl"Jr'l"r;11

hindrance 1o murdercus mvention, except that due to le ”“”IFF and

. : b oaiiry "t
|||||4|..-- iy |,||||;I Li's -1!1!'”']‘.'“ -'Ia.'.-_ll_'_"t !l““"" l\.. 3
ldeals of humanily come, so o say, irom uiin-:' I'mrh of the
AL A% i SAFSEERSRE RS L a 1

environment 11T }Ir\-] man ol l!f"' caryvaneer hl.”“dl”?" ””"]t':l l]'“:

ctare—a Moses. a David, a St. Paul—o) the city bred man, abserving

..I.H-..-"w. the r-e'JLl-!I’L:th undes which men may live ‘-\'t"’” l.”_fi'*l.h"i'_a
Confucius, a Socrates, a Jesus, bring into society the notions ol peace
L'II.I j‘li:'u.”\' |'--1f-]'i|'1‘i115”” wa o \1“_11"-[ ““r]'.‘].l ¢ _‘l‘i]’!_“:-*_-i”ﬂ ”Ii.‘illl ﬂll‘,‘ -‘_'ll.lj-
il’q'l]n!! of :;I]Jt';' men. Ollen this J?"'-'“”ftl' as in St. ]"l';tlh'th ;'".“'1 thﬂ

Hindun sag extends to the entire world of “Ti"?ﬁ nuture. Luther, g

15 true, was miner s son: bul hiis career Proves the l‘”i"! rather
I}lil'l. 'l."nhli,.l' i|; e was 1'1'11 Uil lhr' :':'i"'“? D[ Thﬂ Lﬂighl": ﬂ"d

soldiers when they ferociously put down the poor peasants who

dared to challenge them.
'H[;:.-H iron the sav Jite i'l!!!'."'lli'* Hf .I‘CLI'till":i. I.ll]_l'lt;. T“Ik‘.‘, it was

not until the machine culture became dominant that the doetrine of
nmeled power was, practically speaking, unchallenged. 'n_lf}ugh-
[ conardo wasted much of his valuable time in serving warlike princes
and in devising ingenious military weapons, he was still sufficiently
under the t-‘~'.-;'.!ll!tl- of humane ideals 1o draw the line somewhere.
He ~11|'-|1r='~':-t‘-! the invention of the submarme boat because he fﬂll,
as he r--‘.pi.itm'ui i s notebook, 1t was too satanige to bl! p—llllil.'t} in
the hands ol unregenerale men, One h}‘ one the invention n.f IDI(!hM
4
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and the growing beliel in abstract power removed these scruples,
withdrew these safeguards, Even chivalry died in the unequal con.
lests and the triumphant slaughter of the poorly armed barbarians
the European encountered in his post-Columbian spread throughou

the pl;m{-t,

How far shall one go back in demonstrating the fact that war has
ht't'n [n-lllil_[h the I'Ili(‘ld Fl]'.l]l;i:-_‘_iﬂ-.h[' 0l [}1,- ]Ii;tn-Illef:" j-h]“|| i bigs L) ”“.
poisonsarrow or the [miumplu-!]f'::’ This was the forerunner of poison-
gas: while not rlln“!'r‘FfL' Wis polson gas itself a natural !rlm|||l‘l of the
mine, hul the (|1*H*ft!imu't'll of s masks to combat il took Fl]ilf_"l' in
the mine belore I]n"},' were used on the hattleheld. Shall it be to the
armed chariot with the seythes that revolved with ils movement,
[luin-tillg L]l;mn l|1*3 fmll-mlllfu'l'.-r"’ ']‘hu{ was the ftorerunner ol lh-:
modern tank, while the tank itself, impelled by hand power furnished
by the occupants, was designed as early as 1558 by a German. Shall
it be to the use of burning petroleum and Greek fire, the first of
which was used considerably before the Christian era? Here was the
l_‘n.‘lj.?l'j.'r: n‘_i-l_ I]lt* more !I]Hilf]t" JII-I r'”r'-r'li‘u' Hlllm'-!}u':mm ol the ]~i~[
war. Shall it be to the carliest }ll;_'lr-|1;+'.~.1-:1~.| .--“:_-i;,,- that hurled
stones gnd jli\t'!in*- invented ;.|]r[r.;lt'1—*t|1]', under Dionvsiue of Syracuse
and used by him in his expedition against the Carthaginians in
397 p.c.? In the hands of the Romans the catapults could throw
itones ‘\1t*ig;l!ir]g around 57 ;Hmrn_l:- a4 distance of 400 to 500 vards,
“h';lF l]l{-’il' l-'““i-‘!ﬂ“p 't‘hlli{'h were enormots wooden cross-hows for

Jlrmllng slones, were accurate at even greated distances: with these

mstruments of precision Roman society was closer to the machine
than in ils i“]HI*['I.lr.I:t and baths, The swordsmiths of Damascus,
Tllll‘du. r'u'Ii]:rlL wWere ]II,I“’I_'] [mih I'-IH '[Iu*i]' |-'f1m-+| rn.--T.|||-||'i+-'~. ;|||1l
thewr kill in manufacturing armament: forerunners of Krupp and
Creuseot. Even the utilization of the physical sciences I'n:; more
effective warfare was an early development: Archimedes, the story
Bies, coneentrated the sun’s rays |}},' means of mirrors on the ~-1i|--"«
of the t'nf'm]."ﬁ fleel in S}'rnruar- and burned the boats up. Clesibius,
ane of the foremost seientists of Alexandria, invented a steam cannon:
Leonardo ‘fll'“igm'ti another. And when the Jesuit {ather, Francesco
Lana-Tersi, in 1670 projected a vacuum dirigible balloon, he
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emphasized its utility in wariare, In short the partmership hetween
(he soldier, the miner, the technician, and the scientist is an ancient

e, ,l” Ii}IIL HEHH[I IIJ.I' il[_ll'[l}lb. nf []‘.I_nh*”l “-;lrf.”,:-: aw HH‘ u'.""illl‘”lii]

result ol a fundamentally innocent and peacelul technical 't":"'f"l”p‘
ment is to forget the elementary facts of the machine’s hislory,

In the development of the military arts the soldier has of course
|..>Eruv.'.-r! lt-’n']'_r Elntr'l thl_‘t h!'ill:lltll'.‘*. i_l’li 1r‘|‘h]1j('h: Ilw_ maore ]““’ml“
fighting arms, the cavalry and the fleet, come respectively from the
;hn!m'.ll and the fishing occupations: stati warfare, from the trenches

of the Roman castra to the heavy masonry [ortifications of the cities,
i& a produc of the peasant—the Raman soldier. indeed, conguered

through his spade as well as his sword—while the wooden instru-

ments of -i-’:-.‘=". the ram, the ballista, the :‘*'Ll“l'u.;..t ladder, the moving-
lower, the 4'.1L+{+L!11, all [ilﬂjllh hear the stamp of the woodman. But
the mosl zm;m.t'l.qlil fact about I'TH-'!#'IH warfare is llil'
of mechanization from the fourteenth century onward: here mili-

| cleared a straight path to the development

‘."lt".:!.ll"-r' Increase

:‘..;_ri-“] ]Ilh]'ii{'{t llll': pace AL
“i. i.“.-uit:‘l'll E'll;lt'c-{:d!?.‘ rliiliti;!i't“ﬂi-'f* i!Hl!I-H’T.
hrst greal afdvance came I’III‘-_rll;-_’h the miro-

'iﬁ'} l‘t":.‘LiIbil_T,:l:ih': *;Iu-
it had already been used

duction of gunpowder in Western Europe:
in the East. In the early thirteen hundreds came the Arst cannon—

or firepats—and then at a much slower pace came the hand-weapons,

the pistol and the musket. Early in this development multiple firing

WS l'rllii'f'i‘n'f"ti‘ ;m:.i ”“1 I.'-I'z__,‘;.u‘l gljn. 'thl.‘ ﬁi':-_-l man*hmﬂ-gun. wWHas 11~

vented.
The effect of firearms upon technics was three-fold. To begin with,

they necessitated the large scale use of iron. both for the guns them:
colves and for cannon-balls, While the development of armor called

<kill of the smith, the multiplication of cannon demanded
a much larger scale: the old fashioned
thods of handicraft were no longer adequate. Because of the de-
structions of the forest, experiments were made in the nse of co
in the iron furnaces, from the seventeenth century onwards, and wher,
coblem was finally solved by Abraham Dathy
well as to the new
were not built

[“rl'll ”'Il‘
cpoperative manuiacture on

L

a ccntury later, the p
in England, coal became a key to military as

industrial power. In France, the first blast furnaces

g & e FPeriees tha saventaastith cANIUTY ONWALIUS,
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I.It"'r'l‘!“[l il] l't""]-"""“" 1O war ltmg llﬂfl}l‘r: 1 hﬂd any “ﬂﬂtfillll[it‘ms ﬂf

importance 10 muke to the arts of peace: but the quantification of

life, the concentralion upon power as an end in itsell, proceeded as
capidly in this department as in trade. In back of that was & Erowing
contempt o1 life: for life in its variety, its individuslity, its natural
Insurgence and exuberance. With the increase in the nﬁm:limm;
of weapons, came likewise a growing sense of superiority in the
oldier himself; his strength, his death-dealing properties had buen
Leightened by echnological advance. With & mere pull of the trigger,
he could annihilate an enemy: that was a triumph of natural magic,

(O "'-'\'-Hi'%:rr and lnvention

Within the domain of warfare there has been no psychological
hindrance to murderous mvention, except that due lo lethargy and
routine: no limits 1o invention suggest themselves,

[deals of humanity come, 80 lo say, from other - of the
cnvironment: the herdsman or the caravaneer hrooding under the
aare—a Moses, 8 David, a St. Paul—or the city bred man, observing
closely the conditions under which men may live well together—a
l"’“i-”"'i:-"' 1 Socrates, a Jesus, bring into society the notions of peace
and friendly cooperation as a higher moral expression than the suhe
i""i'll“l' ol aother men. (OHten lhi-r ftft'“tlg. A% In 51. Francis and lhﬁ
Hindu sages, extends to the entire world of living nature. Luther; it
is Lrue. wis a miner's son; but his career proves the point rather
than weakens it: he was actively on the side of the kllighlﬁ and
soldiers when they ferociously put down the poor peasants who
dared to challenge them. '

\part from the savage inroads of Tartars, Hung, Turks, it was
aot until the machine culture became dominant that the doctrine of
untrammeled pOWET Was, [n‘;u_‘til':t“}' Hl,liﬂkillg. uurhalhmgt_d-. Th?ugh
Leonurdo wasted much of his valuahle time in serving warlike princes
and in devising ingenious military weapons, he was still suiﬁq;-nﬂy
under the i!“-{I.;HI!l. of humane ideals 1o draw IIIE line som'ewhare..
He suppressed the invention of the submarine huﬂ_l .bucnus&_h"jfd.’.
as he e-up]uim-,] in his Hfltt-'lmt.lk., Il was too safanm Eu ].H.'.plj.cnﬂ 'Ill
the hands of ll[lTl_*gl.‘!l‘lr_t]‘:Jlt: men. Une h}f one [hc mvention o[* m:‘ﬂ[hjﬂ

. iy v 1 Ve s dessss tha line cnmewhere




and the growing belief in abstract power removed these scruples, emphasized its utility in warfare. In short the partmership hetween
withdrew these safeguards. Even chivalry died in the unequal con- the soldier, the miner, the technician, and the scientist is an ancient
tests and the triumphant slaughter of the poorly armed barbarians one. To look upon the horrors of modern warlarve as the aceidental
the European encountered in his post-Columbian spread throughout result of a fundamentally innocent and peaceful technical develop:
the planet. ment 1s to forget the elementary facts of the machine's history,

How far shall one go back in demonstrating the fact that war has In the development of the military arts the soldier has of course
been pethaps the chief propagator of the machine? Shall it be to the Lhorrowed freely from other branches al technies: the more molile
poison-arrow or the poison-pellet? This was the torerunner ol poison. fichting arms, the cavalry and the fleet, come respectively from the
ga=: while not merely was poison gas itself a natural product of the pastoral and the fishing occupations: static warfare, from the trenches
mine. but the development of gas masks to combat it took pluce in of the Roman castra to the heavy masonry fortifications of the vities,
the mine helore they were used on the battlefield. Shall it be to the 1= a produ-l of the peasa nt—the Roman soldier, mdeed, rnlhlllf*rﬂl
armed chariot with the scythes that revolved with its movement, through his spade as well as his sword—while the wooden instru-
mowing down the foot-soldiers? That was the forerunner of the ments of siege, the ram, the ballista, the scaling ladder, the moving:
modern tank, while the tank itself, impelled by hand power furnished tower, the catapult, all plainly bear the stamp of the woodman. But
by the occupants, was designed as early as 1558 by a German. Shall the most important fact ahout modern warfare is the steady ilil:l‘u:ﬁff
it be to t]n} use of buming petroleum and Greek fire, the first of of mechanization from the fourteenth century onward: here mili-
which was used considerably before the Christian era? Here was the tarism forced the pace and cleared a straight path to the development
embryo of the more mobile and effective flame-thrower of the lasi of modern large-scale standardized industry.

To recapitulate: the first great advance came through the intro-
duction of gunpowder in Western Eurape: il had already been used
in the East. In the early thirteen hundreds came the first cannon—

war. Shall it be to the earliest high-powered engine that hurled
stones and javelins invented apparently under Dionysius of Syracuse
and uwsed by him in his expedition against the Carthaginians in

397 p.c.” In the hands of the Romans the catapults could throw or firepots—and then at a much slower pace came the 'ﬁiilll'l:‘-‘-"'ﬂl:"'*.“sﬁ
the pistol and the musket, Early in this development multiple firing

stanes ".'-‘('ighing around 57 pnulld:- a distance of 400 to 500 }:_il‘d'ﬂ. : .
(q.l'.;_"[*i_rr_‘rj_, ;l’nljl 'l,]ll-_‘ organ gun, lhli' ﬁrﬁl machum-gltn, was 1n-

while their ballistas., which were enormous wooden cross-hows for was

=hm1ling slones, were aocurate at even greater distances: with th vented.

ii - s - i =4 ' F i1 it W Ve dg ese - . .

. | _ . rrirn e .o-fold, To begin with
instruments of precision Roman society was closer to the machine | The effect of firearms upon technics was three-fold, To beg -

o y Famn e e of i ‘or the guns them-
than in its Hl[urﬂ]l.lr‘l_:u and baths., The swordsmiths of Damascus, ‘ they necessitated the large seale use of iron, both for tl g

Taledo. Milan, were noted both for their refined metallurev and colves and for cannon-balls. While the development of armor called
. « # (¥ - & noleag po 101 eir rehin metailurgy an | torth the kill uf the smith. ﬂlt’ mullipliuuti(m of cannon demandﬁd

cooperative manufacture on a much larger scale: the old fashioned
methods of handicratt were no lnllg{‘.r ud!‘rqllﬂtc. Because of the de-
ade in the use of coa

their skill in manufacturing armament: forerunners of Krupp and
C-Tf‘-'ﬂ‘if!‘{'ll. Even [hl.‘ IIT”i‘ZEtIiHII (l[ Tllt' p}u,-flu_-;i] seiences lor more

effective warfare was an early development: Archimedes, the story ‘ - - |
structions of the forest, experiments were m

goes, concentrated the sun’s rays by means of mirrors on the sails
: AT ‘ i : : S : . .entury onwards, and '
of the enemy's fleet in Syracuse and burned the boats up. Clesibius, in the iron Iumauia, fIl"![;I]I]"lL‘ a-evﬁnéeeilll; Lﬁn]wd?by '
. . v — - [ L 1 L] ! 11
one of the foremost seientists of Alexandyia. i : a ccntury later, the problem was Abraha | “h_ y
- bt ala L _".‘-httlill 1:1 IH"H.'IIlf'Ii a =leam cannon. ' g “ '.h new
; .| vy , - s well as to the
Leonardo designed another. And whe i Bibat  Framp in England, coal became a key to military as .
ened another. And when the Jesunt father, Francesco ind il | France lhﬁ ﬁfﬁi blﬂﬂt fﬂl’nﬂm were not h'lll.u
- e . - - v G . =§ g i ,r “rﬁr_ n
Lﬂnﬂ Tl.l“zh mn ].6.'” prqu‘i‘lt'tl A vacuum rlu'!j.:llllr balloon, 11!.‘ industria s '
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Ll abour 1550, and at the end of the century France had thirteen
loundries, all devoted to the manufacture of cannon—the only other
important article being scythes.
Second: the gun was the starting point of a new type of power
machine: it was, mechanically speaking, a one cylinder interngl
eombustion engine: the first form of the modern gasoline engine, and
come of the early experiments in using explosive mixtures in motors
sought to employ powder vather than a liquid fuel. Because of the
accuracy and effectiveness of the new projectiles, these machines had
still another result: they were responsible for the development of the
art of heavy fortification, with elaborale omtworks, moats, and
salients, the latter so arranged that any one bastion could come to
the aid of another by means of cross-hre. The business of defence
became c:_umphvated n propor!inn as the tactics ol offence Lecame
more deadly: road-building,
bridge-building became necessary adjuncts of warlare. Leonardo,

canal-building, pontoon-building,
typically, offered his services to the Duke of Milan, not merely 1o
lit:hfgll ordnance, bhut to conduet all these f~:|_-,:i||:~-'rui; operations. In
short: war established a new type of industrial director who was not
a mason or a smith or a master craltsman—ithe military engineer.
In the prosecution of war, the military engineer combined originally
all the oflices of the civil, the mechanical, and the mining engineer:
offices that did not begin to be fully differentiated ontil the eighteenth
century, It was to the Itulian military engineers from the filteenth
century on that the machine cwed a debt quite as high as it did to
the ingenious British inventors of James Watt’s period.

In the seventeenth céntury, thanks to the skill of the great Vauban,
the arts of military offence and defence had almost reached a stale-
mate: Vauban's forts were impregnable, against every form of attack
except that which he himsell finally devised. How storm these solid
masses ol stone? Al‘li”rﬁr’}* wias of dubious value, since it worked
in both directions: the nuly avenue open was o call in the miner,
whose business it is to overcome stone. In accordance with Vauban’s
suggeslion, Lropps of engineers, called sappers, were created in 1671,
and two years later the first company of miners was raised. The
stalemate was over: open warfare again hecame necessary and pos-

L BIONeEL ATy WS UL Juinous value, sy 1L wWulkea

Sl
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cible, and it was through the jnvention of the bayonet, which took
pluce between 1680 and 1700, that the finer intimacies of personal
murder were restol ed to this art.

I{ the cannon was the first of the modern space-annililating de-
vices, by means of which man was enabled to express himself at a
(|i~.l.||u &, ll](’t -‘-'!'IHH[J'I!”I" lr'l-‘glliijil (f]ﬁ-t us!:.rl in wnr] Was [Ji:lfl_lﬂpﬂ
the second: by the end of the eighteenth century an effective svstem
h vd bheen 11&:4,1”:*11 in France, and a Hiiili.]il I OIEe Was 1_1rujt:t‘1l‘l.{ fl!l’ lh&
American I',i”Hqu SPTVICE belore nhl}"_‘,l‘. Opllllrlllln:i':.' itl\f‘t‘l‘llfftl ll'lf:
electric telegraph. At every stage in its modern development it was
wal rather than industry and trade thal showed In l'“l‘l'l]'-’tlf'!!' outline
thie main featires thit f.‘im!:u'lr-ié'.’.t- Ille muachine. Thi'- 1:':1mgrii]1hitt
survey, the use of maps, the plan of campaign—long before business
men devised organization charts and sales chans—lhe coordination
of Lransport, .-lI-IP]_II"_'I.', and ]H-_n_]inliun [mnlilulinn and llf_'.'_-‘-l':'lll?!liul.'l]i
e broad divisions of labor between cavalry, infantry, and artillery,
and !,hi. division ol the Process n'[ III!Illllt'lil.lH helween Bﬂt‘h ol these
1-!:_-'.!_11'314-.-4 1::-.;1411\-“, the distinction '..-f fnnf‘{inn lu:‘lww:n Flilﬂ' i.llld ﬁﬁld
all t-h-.m-r characteristics put warfare far in advance of
competitive business and handicraft with their pelly, empirical antfl
short-sighted methods of preparation and operation. The army 1s
in fact the ideal form toward which a purely mechanical system of

indwstry must tead. The utopian writers of the nineteenth century
like Bellamy and Cabet, who accepted this fact, were more realistic
than the business men who sneered at thewr “idealism. But one may

dou bt 1.-.}|l'_'[h:“r lht-r ouleome wiia nn Illl‘:‘.ll one.

activities-

7: Military Mass-Production

Je seventeenth century, before iron hed begun to he used on
a great scale in any of the other industrial arts, Colbert ht!tl t:tlﬂ:ted

arms factories in France, Gustavus Adolphus had done likewise in
Swerden, and in Russia, as early a3 Peter the Great, ﬂ:ere were as
many as 683 workers in a single factory. There were :snlnwc‘l u:l::‘r
ampir&a of large-scale mills and factories, eveén hﬂfﬂﬁ lhﬁlﬂl '* _
{amous Jack of Newbury in Eng]'and.: but the most hnqrmho r_

was the arms {actories. Within these [actories, the division of labor

'Y
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wits established and the i!"i”"h”!: and polishing machinery g
worked by water-power: s0 that Sombart well observed that Adam
Hlll-llll ].L“:[ done betier (o have taken arms, rather than prin ’“-ﬂxlﬂg,
as an example of the modern produchive process w ith all the econ.
omies of specialization and concentration.

The pressure ol HJI“[.IT} demand nol merely hastened TH TR
organization at the beginning: it has remained persistent throughou
its enlire lh.“h,“”“-m_ As warlare reased m scope and ],,J!.._.".I.
Armies were !I!'IHI!.:!II nto the held, Lheir e Ui nt became a much
heavics t.';lx \nd as their tactics lu'r.mn.- mechanized, the inst LHmenls
needed to make their movements precise and welltimed were neces.
sarily redoced to uniformity too, }{l‘l'l'l'-f' -'I"“,'-i with factory "f'-',JHi?..'i-

tion there come stundardizabon on a largel scale than

wias to ln"
found in anv other department ol lechnics excepl perhaps printing,
The standardization and mass I'?““i‘“'lv n of muskels came at the

i3

{89 [u' Blane in Francs ;Il-'-[-t:'ml

¢ parts, a greal mnovation 1m

end of the u-rghh-r-nth century: In

muskets with interchangeals

EPFJJ-t'll Lion.,
and the type of all future mechanical design, (Up to this time there

had been no uniformity in even the minor elements like s
Ihrtu-!-',] In 1800 Eli ?\illrln}_ who !r;hi -'!'i-ii'i*'-i conlract from
the United States Government to Inrruflnr arms in '-i*::EE‘.: |'1-'hl‘0n
Iurué‘-r'l oul Elnljl_lr standardized weapon in hi new lactory at
“1I|1!11'}'\'i1|1‘. "Tlit‘ lr't'.lml-|l.ht' (4} | illtt I'v'i..{I1r'_1 .||-||- P vl manul |4-||];p\”

[CWhH .HH!

= l"-hrr n|'wnr'-. TWils Iill!- r'bl.zlllhltu"l i gety ril 11“1|l.|'ln' !rl'f!il'l"‘
the il‘ll‘l'nliun ol the SEwWing wehiine or the Iu.ll\.'»‘--w!i:.g.'_ HE 'Etlm'!}'.
The new 1ee ]miqut was 8 fundamental condition ol the greal acheves
ments realized by imventors and manufacturers in those fields.”
Behind that improvement liy the fixed mass demand of the army.
A similar !ilr*l_l in [ht‘. dil‘t?{'l'j{lll uf standardized 'Hmlm'Hnn wis made
i the British navy at almost the same time. Under Sir Samuel
Bentham and the elder Brunel the various tackleblocks and planks
of the wooden ships were cut to uniform measure: building became
the U_“H‘-‘mlliﬂgl' of Ht‘l't.!l'ull']}' measured elements, rather than old-
fashionwd curand-try handicralt production
But there was still another place in which war forced the pace,
Mot merely was gun-casting the “greal stimulant of improved tech:
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nigue in the foundry,” and not marely was “the claim ol l-.[g“r‘r Caort
i the gratitude of his fellow countrymen . . . based primarily on
e contribution he had made ol military security,” as Ashton Sy,
but the demand for highgrade ron in lorge quantities wenl quulitn
hand with the moerease of artillery bombardment a2 a preparation
(or assnult, the ellectiveness of which was presemly tlrmnfn-lrnh‘d !‘sy
the brilliant young artilleryman who was o scourge Furope “imh
his technolopical gonius whilst he 'Ii-{lmi.';'.-'tl the Freoch l’i‘"_‘lr’i.llll.“.il_'ll'l.
Indeed the rigorous m ihematical basis and the increasmg precision
of artillery fire itseld made it a model for the new ndustrial ans.
]\,1]1..;1: on 11T in the middle ol the nineteenth n:nlur} aflered a r..w:”jd
for a cheap process of making steel capable ol i.nll-.s-'l.uulmg the
€ lJlO:-'ix'r farce of the new shells, Till' Bessemes lnl‘l'u'r‘**-‘- was the
direct answer to this dem el .

The second departimment in which war anticipated the machine and
hehn-l definitely to lorm il wis= In the =i 1a ll’.-i_’:_d!'lll.'.f-illll_llll r}{ I]Itj’.'
army l‘lﬂ.nlu-[ Wwariare was u=sually on the 1_11_4_..,1.. al -11 il'-l'l}'-ll;]*_'- :.-t‘ﬁ'
ice:.nrwa--uil'v wermitted and therelore m-Ha--;u-ut—apnrt'ithm‘n.
further delays and stoppages 0cc sioned by rain or cold or the Tu{u.
Of God THC l_‘h;‘.'.!}._'t' from {I'Hl].it service Lo Armies .uu i t‘-‘i[,‘-llﬂ 1_'::1.
basis, (‘mnpr---fui nf workers 1J.|1-] 14y the 1].41}'—.1\“- 1;[]:.171:;1'.‘.',- Ihﬂl ll"?-j
from the warrior to the soldier _did pet entirely overcome lu:t
inefficiency: for il the captains of the paid bands were jllllt:k o 1:!11;}
the latest improvements i arms of Lactics, ”I.r .'-u:tuul mlﬁtfral l:;! the
paid soldier was to conlinue ' the business of heing a soldier: hence
warlare al himes mose 10 the pLu't: 1l 80 ullFfl holds um*ﬂng SUVage
ibes—an exciting vitual played under nr:un_-.tulig established I“uli.‘ﬁi
with the danger reduced almost to the proportions of an old-lashione
[“"”l-h” game, There was alw dV5 llur IJI"I&-F'LI‘JIIII}' l.hﬂl Ihu mEl’GB“‘;r}'
hand might go on a strike or desert to the other side: money, rather
than habit or interest or delusions ol gruudum [,palrlnllsm] H{:ﬁ
the chiefl means of discipline. Despite the new technical weapons, the
said soldier Tt'_'lnﬂlllt‘ll im'“il'iﬁl‘ll. - .

i Ile CONVersion ol loose HANES of illdi\'idual& with all their Im
culable variations ol 5ltmlgll1 and wt'ukjlet.::i. ht‘-a'lr‘_f'-ljr .an_d m“l:“ﬁd
seal and indifference, mio the well-exeraised, dl.ﬁi:iphnedq u

Lol i I L
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coldiery of the seventeenth century was a greal mechanical fagy,
Drill itself. after the long lapse from Roman practice in the West
was pe-introduced in the sixteenth century and perfected by Priur.;
Maurice of Orange and Nassau, and the psychology of the new indys.
trial order appeared upon the parade ground belore 1t came, fuyll.
fledged, into the workshop. The regimentation and mass-production
of soldiers. 1o the end of turning out a cheap, standardized, and
replaceable product, was the great contribution of the military mind
to the machine process. And along with this inner regimentation went
an outward one which had a further effect upon the productive
system: namely, the development of the military unitorm itself.
Despite sumptuary laws regulating the costumes of diflerent social
and economic groujis, there was po real unilormiiy in the costume
ol the Middle ;\;{w-—; no matter how common the patltern there would
always, by the very nature of intermittent handicrait production,
he ir]{ii\'ii_lll;ll varialions and deviations, Such unidorms a8 existed
were the special liveries of the great princes or municipalities:
P\'“l'.lll.']illlgl."{'l i]['*if.’,l“"ll such a unilorm tor the I'.:1-1|_| Gunrds. Blll
with the growth in size of the army, and the daily exercise of drill,
it was necessary D ¢reale an outward tt-lu*n of the mner I!!lison:
while small companies of men knew each other by face, larger ones
could be ensured from fighting each other only by a large vicible
h.’tdg[‘. T]lf.‘ lull'l-i'lllll wag such o lnl«:l'n an lruf [irst nsed {11 a
l.zrgn ﬁl'.':':llt:' in Illfr sevemleenth cantury. Each soldier must have the

sdrme i'l””lf‘?._ the same hat, the sume t"']'ji}ﬂl‘lr nt, a3 every other mems-

ber of hiﬂ{:“mp"”i}': drill made them act as one, discipline made them

ru.npmul As one, I.}if' l!EIifﬂI‘HI j'I'I.LH‘l'.‘ Illr'm I'-H)l: A8 ONne. Lhe daily care
”f ﬂl!.* IIT'I”LH'TH was an im!ir_lrt.-lul f‘]e'nu:n]‘ T ﬂu- HeW espr it de Corps.

With an army of 100,000 soldiers, such as Louis XIV had, the
nﬂﬂd fnr uniforms made no small demand Upon mdustry: i was n
fact the first large-scale demand for absolutely siandordized voods.
Individual taste, individual judgment, individual needs, othet than
the dimensions of the body, played no part in this new department
of P"ﬂllllrliun: the conditions for f'umIi[r'h- mechanization  were
Pl'l!.ﬁ:t'l‘ll- The textile industries folt this solid demand. and when the
sewing machine was tardily invented by Thimonnet of Lyons in 1829,
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*-H!']LII-r‘J fo llll‘] ”I:H it wis 1.|h' l'-'lr-uu-_h \\ Al I.Jl'ildl'llﬂiflll

one 15 not
it. From the sevenleenth century on the army

hat -HU;-_!H first 1o use
hecame the pattern not onl y ol lll'l_u]ur'th_.“ but of ideal rnu‘.-l.u‘ll[‘lliun
under the machine gyslem.

Mark the eflect ol the 1il|p3r“: standing a rmies. of the sevenle
armies whose suceess in France

enith

- -”:"I- ”“' iyl ]_llg_'_{'!' Cori= i-ji_]l

OrnLIry
was 1o be 8o potent in the futore development

li‘lll il.'.’ ”r-" lw '-nini]!illl
a body ol pure consumers. Az the army

lieavier and he ywwier hurden upon lnmlut‘ﬁﬂ.‘
fed and housed and equipped, and
cupply any service in return

ol warlare. AN Armay |

grew 2 17e 11 I]He'.'.
:1:i-'|'L=l"..-r' (O] T!I" LTIl A EY 1'-'
j[ daes nol. I.ll-: I]i-' other 11 hir -
| 1 limes ol war. 1n war, moreover, the

cOonsumet hut a Iif';_'.lli\ e li'l'u"rl.llll'l"l': l]:]ilt
wse Ruskin's excellent phirase, instead
multlation, !-.1,7.-.._-.11 destruction, terror, starvi-
Lhe process ol war dlnl furm n pl‘ilh_"l[}:i-l

"ol M ii: !:q 1 1 II.[ .l"i..l'ir.'l1!fl1'lh

army 15 not merely a puie

is 10 say, it produces Jth. to

0l ‘,'.r'l|'.'i|- Mmizery.

tion and death characterizs

art ol the product,

Now. the weakness of a capital

“Llr"..

ih

&1 svetem of pt'mluvtmu, based upon
t tokens of power and wealth, 15
r of goods may be retarded

val u-mrknnﬂltt-hip.

:1.*1' tJI"I-'l’ LD i'lr' il e L ti'- abslrie

the fact that the consumphion and turnove
fectionate memory and hons
'ljl-c--f' cenknesses sometimes increase the life of a 1-rtulu|:t long after
ny ".-.nllllil L:H-:‘ il Ij.l'lﬁ,l"!.i’ll [H‘I’ 'l'r“’_ll'm.tt'.ﬂ'lt'i‘.ll.
e automatically excluded from the

ices for the army

by human weaknesses: al

ihetract econo

thie time an :

_"‘Hnl..h L'rl.ub.r_- Uil 'L:?'--l,-:'-!,'u-!-,
l.it]_\. ut.-l_I!t.','. ”n 'I'H'!i-bll-i l'I£ th_'ii.\-'*‘ SCTY

inn that 11 tends to reduce toward zero the gap
original production and profitable re-
]-l;ln cment. 'Hu- most wanton .HHJ lli\lll'iiillb- ]u:uu:‘rrlm]d cannol con-

with a batlefield in rapid consumption, A thousand men mowed
less for a thousund more

arms '|'.l_'1ll'l|.
tq the ideal consumer;

in time between ||||-iil'|!riz-

petie
are a llr‘lﬂ.ml] maote ol
e oguns, a lhuu-'um-i more llﬂ}-'nnetn: :md a

annot be retrieved and used over
a much

Ii“i.‘.ft by !-l!.l[r"la
llIIlEHI'!II'. i lh*'ti*.’i“l] mor

thousand shells fired from cannon ¢
In addition to all the mischances of battle, there 18

speedier destruction of stable equipment and :-Lup],‘hllcﬁ.
Hich contributed so mueh to every aspect

Tll"‘llih.!lll:'l'li 'L\,'H'Iv:tl'r*, W :
of standardized :n;a--h-i}l‘trdurtiun, 1s in fact its great 5uunﬁcannn.

i L] L § 5L L] —

1 1 1 1) e Femiss pannnoyn cannnt e et
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.'.?.- il any ‘l.ﬁllll;lt'r that il dl“d—l\.'i acls as a lemporary lnlli(' on I}it

system it has done 80 much to produce? Uuantity production must

rely for its success upon quantity consumption; and nothing ensures
replagement like organized destruction. [n this sense, war is not only,
as it has heen called, the health of the State: it is the health of
the machine. too. Without the nun-pruduction of war 1o balance ac.
counts algebraically, the heightened capacities of machine production
can he written off only In limited ways: an increase in foreign
markets. an increase in population, an increase in mass purchasing
power through the drastic restriction of profits, When the first two
l][!ll_:'_{l.‘."! ]'I.‘U.r.'. ]H'r'll ("Xll;lll.-&tr.'li. War ]}*‘{ps avel! t]u* l;t 11 1||I4'|||.1li\'*_', =0
terrible to the kept classes, =0 threatening to the whole svstem that

supports them.

8: Drill and Deterioration

The t.]t‘!t_‘l‘:im;lljurl of llin" under tht' r--'-;a:imr- of tl'u.‘ tht]iE‘I 1S A4 com-
monplace: but just for that reason it needs to be sharpened by
explicit statement.

Physical power is a rough substitute for patience and intellizence
!Illil {'DL"l[u:LlIi\'u r:ﬂml 18] !lu' govertiance Hf men: 11 us ed as a normal
gecompaniment of action instead of a last resort it is a sign of ex-
treme social weakness. When a child is intolerably balked bv another
person willn'rul pmnir.:r-]j.' ~r—trin;_5 the cause Of the situation and without
sullicient force to carry through his own ends, he often solves the
matter by a simple wish: he wishes the other person were dead. The
soldier. a slave to the child's ignorance and the child’s wish, differs
from him only by his ability to effect a direct passage to action.
Killing is the ultimate simplification of life: a whole stage heyond
the pragmatically justifiable restrictions and simplifications of the
machine. And while the effort of culture is toward completer difler-
entiation of perceptions and desires and values and ends, holding
them from moment to moment in a [‘u"l‘]'mlll.i||1.‘ r']lun;:in::_ but stable
equilibrium, the animus of war is to enforce uniformity—to extirpate
whatever the soldier can neither understand opor utilize.

In hiﬁiﬁﬂﬂietic desire for simplicity, the soldier at bottom extends
the empire of irrationality, and by his effort to substitute force for

f-rnnl;nll.'
in short, for the nl'gunin' Processes of social life, be creates that alter-
nating 111}'l|1rn ol con
\Hilil‘[l has punr'lllulrll S
Even when the warrior s
cently made—aus
he sels in molion un
and fear create a low psychie
a masler, ll'.'!' soldier jlr‘hh* create a4 race of slaves.
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1 and intellectual grasp, for natural loyalties and eohesions,

]urh.t and rebellion, repressions and l‘t']jl"lt-u]ﬁ,
h large periods of mankind’s exislence.
canquests are intelligently and almost benefis
< the later Inca Empire of Peru—the renctions
lermine the ends he has in view, For terrorism
ctate. In the act of making himsell

_)&w l()r []n- sSCTlsC 01 St H-f'--li'i'l'll Ihi' _‘-TlliHi'l [ulilir!,,;w Ihrnugh hi_-,

hi“llli.'ll( % o face "li'klh. aneg 1 ot lil"lly ﬂl.ll it ]'IJ'I.-? H | 1]!‘1\'1?[‘5?1'{'

life-enhancing quality, bat it i
bandit, as well as to the hero: and there 15
belief that the battlefield 1 the only breeder ol . The mine, the
Shi[-. the blast [urnace, the iron skeleton o1 l*iill_:-_‘!" 0r I-kj._-_rl,';al-.f,-r,
the hOHliLlT ward. the childle d i-:ill_l,; oul 'ihr' same E;'llld[l’[ [EspPOnset
indeed, it is a far more common ~fair here than it is in the lile
| his best vears in empty drill, having

Oj b | "'-"'1(!“1", "-'-.1]'.' ]I"..lt‘- '=|_‘H'|'.*:
threat of death than that from horedom.

cCommaon to 1!!1* ;__'IIIHTMI‘[ :'I:I'Hl l_hL'

no ground for the soldier's

faced no more Serious
An impl'l'kit-1I~Tll_'*ﬁ' to life-values other than those olustered around

the soldier’s underlying death-wish, is one of the most sinister
effects of tllt‘ 1|1i1.il:1r} clisi I]:].lln ;

Fortunately for mankind, the
of third-rate minds: a soldier o
Caesar or 2 H-i}mh'ull. :-[.th-k onl as
soldier's mind went into aclion as intenzely as his bady, and if his

intellectual discipline were as unremitting as his drill, civilization
might easily have been annihilated long ago. Hence the paradox in
army resists it! The rejec-

army has usually been the reluge
i Jdistinet intellectual capacity, &
a startling exception, If the

technics: war stimulates ipvention, but the
tion of Whitworth's improved cannon and rifles in the midst of the

Victorian period is but a critieal instance of a common processs Alfred
Krupp complained of <imilar resistance on the parl of the army and
navy to technical adyance. The delay in adopting the tank by the
German Army in the World War shows how torpid even “grent”
coldier has again and again become
fication and short-cuts: in achieving

warriors are. So in the end, the
the chiel victim of his own simpli

== ' B v 1 cttaee e mnlk hy THE
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pre 110N .“-Illll l'l'gill.ll-ll'n'_ he has ]”‘“[ ”“1 capacily [or

mﬂ"hi“"'hkﬂ I :Hf:lg.ll.llinn. No wonder that in i{“;l""h [0

illlt'“i;:r'!]t res POTEseE S
i1Tis 10 u|i||||ul-| |-I|1-_'1r~|h-j. 13 1,H-||.“

ol Il1t'|'|r:irli;«ﬁ;!Ii'\rl and militarization Wi, m sam,
0one: J“r 1[ h-'“illlll !H ]-t"Htll':" |]11' _Il'lil'fll“* 'lll S i“l_

.1|_lfd'h"r i
The alliance
an unfortunale

groups to d military pattern,
ot in industry. It was unlortunate 1or so-

and it encouraged the rough-and-

rt'ﬂ‘.!'i Iui'liu'ﬂ ol Ihr' mlhl._lll
‘:t‘!t'. al I'll'ﬂl‘ that a ]umt-l-nt.‘gnll;.ilh'm like the army, rathe: than
L [| i - .y . |

the more humane ani

hirth of the modern forms of the machine.

I uu'r]lr*l.'llih' (‘l.l[t j:_llild. |*‘.r'-i1].--| over l]ur

O Mars and Venus

If mechanical production was heightened and shaped by the active
demands of the battlefield and the 1-.11'3-]:' I’,‘__IIPHlILJH it was also pos-
sibly influenced by the indirect effects of war during the specious
intervals of repose;

War is the chiel instrument by means of which the ruling classes
create the state and fix their hold upon the state. These ruling classes,
whatever their military animus and orgin alternate their outbursts
of prowess with !‘,It,.‘[.:llhlh devoted to what Veblen in his Th-—"t-!'_‘.' of the
| eicure Cluss called the ritual of conspicnous waste,

From the sixth century onward in Western Europe military feudal-
1sm had shared economic power with the ;uutt‘t:fill monasteries, *r.hich
formed an impt:u'lalt'lt pi“.u' in the social system: from the twelfth
cenlury on the feudal lords had been curbed and 1.:'[” L1 ]-].n-r ||y
the free eities. With Yhe rise of the absolute monarchs of the six-
teenth century the old estates and corporations whose power had
been localized and distribuled and therefore balanced by reason of
their relative autonomy, were absorbed, in effect, by the state: in the

great capitals of Europe power was concentrated symhbalically—and
in [Jﬂl"l Ilt.‘lu:l“:f—ill l[}IE'. absolute ruler, The culture ol the Freat I_T-Ilhi.'
tals, erystallized and expressed with utmost potency in the Paris of
Louis XIV or the St. Petersburg of Peter the Great, became one-
sided, militarist, regimented, oppressive. In that milien, the machine
could grow more lustily, for institutional life had been mechanized.
So the capital cities became the focus, not merely of spending, but

inle sArvernllivad and avnencusad willh nbmad nwillenoy i theae Hariea ol
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passer-hy. From the housemaid to the princess, women consciously
or unconsciously adopt the habits of courtesans at the end ol a
great period of strain and disorder and warfare: o, extravagantly,
life renews itself. The women's styles that prevailed in the Western
World at the end of the last martial debauch match almost point
for point those that became fashionable at the end of the Dire lory—
down to the removal of the corset and the temporary aﬂ-.uu}nmr‘lent
of the petticoat.
Just because the erotic impulses seck extra compensalion for their
denial, they flow over and pervade every activity: the courtesan
consumes the substance of the warrior’s conquests, A plethora of
physical goods gives special point to the triumphs of the soldier
and justifies the pillage he brings home with him. Shakespeare
has given us an acute study of the relationship in Antony and Cleo-
patra; but the economic results of it are more important here than
the psvchological consequences. Economically, the coneuest of Mars
h_‘{ Venus means the hrighll'nr*d demand for luxuries ot all sorts:
for satins, laces, velvets, brocades, for precious stones and gold
ornaments and finely wrought caskets to hold them: fo 1]1r;xny
couches. perfumed balh:-., [ ivate Jlerlmr'lI!= and yii'u':i.[r.‘ ;::.1rd1-ns
enclosing an Arbor of Love: in short, for the substance of an ;.1-~rlni.=‘i-
tive life. If the soldier does not tilmn]} it. the merchant must: if the
loot be not taken from the Court of Montezuma or a Spanish Galleon,
it must be earned in the counting heuse. Religion itsell in these
cotirts and palaces had become an empty ceremony: is it any wonder
that luxury became almost a religion? |
Now observe the contrast. Private luxury was not looked upon
with favor during the Middle Ages: indeed, a private lile, in the
modern sense, scarcely existed, It was not merely that the sins
of pride, avarice and covetousuess, with their possible by-products
of lechery and fornication, were, il not serious nl'it*n.-r;-‘ at least
h‘in_drauuf:s to salvation: it was not merely that the standards of
living, judged by purely financial ideals, were modest. But the Mid.
::ﬂe Ages, with their constant tendency to symbolize, used gold and
jewels ﬂud- artful workmanship as emblems of power. The Virgin
could receive such tributes because she was Queen of Heaven: the

ot lechervy and farnication. were. 31f nal serions olienses. at least
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earthly king and queen, pope and prince, representatives of the
Lt also have a certain measure of luxury to
finally, the guilds in their mysteries and
.vichly upon public shows. But luxury here
everi among the privileged classes it did

heavenly powers. mig
mndieate their station:

pageants mirht spend ¥
had a collective function:

nol medatl nlt-l-']‘.' sensunus east.

The hreakdown of the edieval economy was marked by the
emergence ol the ideal ol privale powet and private possession. The
hant. the capit Jist. the freehooter, the r'uptain of the condottieri,
< the original lords and princes of the land, attemnpted

themeelves the functions of civie

mert
quite as mul i ;
to take ovel and u'l-mulnrr]u’.e for
1i1+'. “ i;.al lma:l I-r"-. n i lmf-!u Tunetion ]u'n amcae o privalr- ;.[l“.‘-.'l.llrt"‘. the
morality play of the church Lecame the masque of the court: the
mural paintings that helonge ] to a place and an institution, became
the removable easel picture that belonged to a private individual.
With the '.r:wi'ir-'.ni resiricilorn of 1SUry ﬂn\illl't] unde'-r lllr‘ -"nurn.‘h n
the fifteenth century and ahandoned even in theory hy the protestant
the lezal mechanism for Aciis-
hand with the social and
|J.-\’L_‘11010;:[t .11 airm:lmi {or an ;1-'1[111-'!'f.i\q- 141’[1'-. \)-.'n r wids not ﬂf COLUTSE
the only motivating condition: but the place where the new luxury
was most visible and where 1t Wwas carried to a pitch of refined

reformers of the sixti stith century,
ition on a grand scale went hand in

exiravagance, was in the court,

Feonomically. the center of gravity <hifted to the court: geograpi:
cally it shifted to the capital cities where the court—and the courtesan
—were hoth hI‘UH iously 1.1-H|.-t_“tl. The ;:11‘1*51! art lif t‘ll' Uururlntz ]Jt?riﬂd
15 1In the country houses and the town ;Jul;u'tm: when c:ilulrht‘ﬂ and
mou.-._-.ln-l'iu"--' waoele ]unlf. 111(-‘-; were I]HHE' mn ﬂ'r#f same -'»t':;ll':: E]l'lﬁtl"ﬂtll}’-.
one could hardly tell the difierence between the nave of one and
the ballroom of the other. One acquired riches in order to consume
:;:”m]ﬂ .it'-'nuimg:, to the standards ol the court: o *live like a prim:e“
became a l)‘_-, word. Over 1t all lrl‘t*r-it.it'l.'l the courtesan, One Hﬂflllifﬁd
power and riches in order to please her: one built her a palace: one
gave her many servants: one hrought in a Titian to paint her. And
her own sense of power in turn throve on all the comforts and
beauties of her life, and she connted her body flattered in proportion
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to her skill in extracting these luxuries. The summit of the Baroque
dream was reached when Louis XIV sentimentally built the mop.
strous palace of Versailles on the site of the old hunting lodge iy
which he had first wooed Madame de la Valliere. But the dream
itself was a universal one: one encounters it in every memento of the

period, in the mind as well as i flesh and stone and canvas: perhaps
its most splendid embodiment was in Rabelais's early conception
of the Abbey of Theleme. What went on at court became the criterion
of a good life; and the luxurious standards of consumption erected
there spread themselves gradually throughout every walk of society.
Not merely did life as a whole become the mean handiwork of
voachman, cook and groom: but the court began likewise to take a
leading part in industrial production, teo: the new luxury of china
for the table became n monopoly of the roval porcelain factories in
Prussia, Saxony, Denmark, Austria, and for woven goods the big
Gobelins factory became one of the main production centers in
France. In the eflort to put on a front, the use of adulterations and
substitutes became common. Marble was imitated in plaster, gold
ill #_“.I. Imml-.-.'urk in IIII'}HII]E!J ornammeinil, ;_'_Lw'-- was usad I'H:—-l'“_*.".l,d of
]‘lrt't'imlﬁ stones. The l't‘jll‘ndllf‘in.lll 0T mass consumplon ol snbsti-
tutes, as in the jewelry of Birmingham, took the place ol the slow
original creation ol genuine handicraft: the systematic cheapening
through mass production and inferior materials for the sake of
achieving an effect beyond one’s means, occurred m omament long
before it was applied to objects of use. With the spread of courtly
ideals lhrnugh gociety, the same change took place in the eighteenth
century as happened with the introduction of the “democratic”™ ideal
of military conscription, The standardized manufacture of cheap
jewelry and domestic ornaments and textiles went along directly with
the standardization of military equipment. And one notes ironically
that it was out of the capital Matthew Boulton had amassed in his
brummagem works at Soho that he wag able to support James Watt
-dﬂf_in'g' the pcﬁbd when he was purfef.'ling the steam engine.
The concentration upon insignificant luxuries as the mark of
memit: well-being was in many ways an unfortunate prelude to
machine production; but it was not altogether sterile. As a result of

.! ﬂl ;"— gy ﬁ‘-" ﬂ; '.I'Il“!_ %y e :‘HI Il-‘ ﬂ"‘-l—r re———— 'J — -t-l- il .I._ o l S — ! | . l., ;1-
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10: Consumptive Pull and Productive Drive

The development of the machine required both a trap and bait
a drive and a pull, a means and a destination. Without doubt, lhm’-
motive power came from technmes and sclence: llu'ju were :.t-ll'._,uslain_
ing interests, and with the smiths, the wheelwiights, the {ounders, the
clockmakers. and the growing body ol experimenters and Lventors,
Ilm I]'I.H'llil'l[‘. f*-\tclblis]lt‘d ilse]l = ”IL‘ cenler nt' !}:r' ;lr'uulnu'lin‘ Process,
Bt hh_'-.-‘ _\IIOllld pl'O(lll(‘liDll l'lSt']f ]t.Hr assumed su fl CNnormons pro-
portions? There is nothing within the machine milieu itself that can
explain this fact: for in other cultures production, though if might
create vast :-III[)[II*I':- flor ‘[)llb“l' works and |'11|']I|' art, ]"'”*ilillf‘d
a bare necessity ot existence, olten _:;’iiilij._':ll;;‘_lk mel—mnol a

center
of continuous and overwhelming interest. In the past, even in Western
[‘,lll‘Opr". merni h-.ltl worked to obtain the standard of I“L'i.'!_: l!,hli[in”a]
1o their place and class: the notion of acquiring money in order to
Move oul Of one's class was i fact foreien to the e irliey h-ml:_ll and
corporate ideology. When their living became easy, people did not
go in for abstract acquisition: they worked less. And when Nature
alietted them. the y olten remiin d in the idvllic state of the Poly-
JH."-:-i:ln-' Oor thr." III_!IT[I_?}'E'.' t._;l'l'T'L-_ giv In_t_; o art, !iill;tl‘ Jr].-;i Rex the best
of thelr encrgies,

The pull, as Sombart amply demonsirated m his little study of
Luxus und Kapitalismus, came maimnly from the court and the
courtesan: fhr:y i.li]‘rfiilf_'il the energies ol society toward an ever-
nlﬂl'illg hOl'iZl‘J!l o1l t-rr||r:llln}1liilll. W lth t]h‘* ua'-l|nr-lii'.fl;_i_ (Jf caste lines
and the development of bourgenis individualism the ritual of con-
spicuons expenditure spread rapidly throughout the rest of society:
if jllrjlfﬁﬁrj the abstractions of the MOones makers and put to wider

uses the technical progress of the inventors. The ideal of a powerful
expensive life supplanted the i1deal of a holy or a humane one.
Heaven, which had been deflerred to the Hereafter in the scheme of
the Christian cosmos, was now to he enjoyed immediately: its streets
paved with precious stones, its glittering walls, its marbled halls,

were almost at hand—provided one had acquired money enough to
buy them,

caven., which had been delerred to he Hereatler in the aschame o
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Few doubted that the Palace was Heaven: {ew doubted ns sacred-
ness. kLven the poor, the overworked, the explu.:ih:d were hﬂumlimd
by this new ritual, and they permitted it to zo on at their expense
with scarcely a murmur of protest until the French Revolution piro-
vided an imerlnde—after which the consumptive process was pur-
cned again with re-doubled voracity and justified by hypoeritical
promises af plenty 10 the masses who paid the fiddler without calling
l]lf' LLLnee 'Iriu' :||--Il'1|111+1| irom earthlv j”‘-.ﬂ iill’ 1‘.}1'1:‘ bul'\l" l“.lf ﬂli'* 'IIF['F-
alter, 4 Hlereallel stch as was eny l‘i”!l"l’l hj\' f‘t. Jnllll ol P.llmu:-', had
[”.m..,.[ i fact 1o bhe one of those dect puve beatitudes, like the mo-
nastic regimen, which had worked out in earthly lile as the i.ll‘rpn*-i'tr_‘.'
of the original aim. It was not a prelude to Heaven but a preparation
for capitalist enterprise. The necessity for abstention from 1mme-
diate pleazures, the postponement of present goods for lulure
rew ards, indeed the very words used by nineturnth century Wriers
to justify the accumulation ol capital and the taking of interest could
have been put in the mouth of any medieval preacher, endeayoring
1o move men to put aside the immediate temptations of the flesh m
order to earn far greater rewards for their virtue m hieaven. With
the acceleration of the machine, the gap in time hetween ahstention
and reward could be lessened: at least for the middle classes, the
EJ!]LE:'II gnles U]I'-r'llr"'l. .

Puritanism and the counter-reformation did nol seriously chal-
lenge these courtly ideals. The military spirit of the Puritans, under
( 'h-s:n'.n'H, {01 ‘-‘-"h”“-l']"- fitted in well with their soher, Ihfdlh'!l".i!h‘hlﬂ"
trions life, concentrated upon money-making, as il by the m'mt‘hinl‘.l‘
of idleness the machinations of the devil could be eluded 1:-.“El'llh'"aiu_l
avoiding devilish acts, Carlyle, the belated advocate of this militarss.
tie puritanism, knew no other key to salvation than the gos;ﬂflduf
W u]'IL: he held that even mammonism at its lowest was in l:m'll'l!‘f’i‘-'“-ﬂ“
with the natire of things and so on the way to God. But urql.l.fﬁ%ll'w_‘
ideals in production necessarily go hand in hand with a.rqulaltl\?ﬂ
modes of consumption. The puritan, who perhaps put his fortune
hack into trade and industrial enterprise, in the lf.iflE Tun ‘ml?
made the ideals of the court spread more widely. Lvl!n.lllglly. o
society, if not in the life of the individual capitalist, the day of reck:
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widely possible the servitude to ignoble stundards of consumption
that had grown up among the military aristocracies. From the seven-
wenth century on, the machine was conditioned by the disordered
sootal life of Western Europe. The machine gave an appearance of
arder 1o that chaos: it promised fulfillment for that emptiness: but CcHAPTER 111.
all its promises were insidiously undermined by the very forces that
gave it shape—the gambling of the miner, the power-lust of the
oldier. abstract pecuniary ends of the financier, and the luxurious

THE EOTECHNIC PHAS)

exlensions of sexual power and surrogates for sex contrived by the
court and the courtesan. All these forces, all these purposes and

goals, are shill visible in our machine-culture; by imitation they 1: Technical Syneretism

j‘l-.]f)ill-’! n Mmal ¢ I'rHl';
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ociated with the shock and stir ol the Cru-

wilization picks up is not the complete
enliure, but ju-f-l those f'l"r.igﬂlt'l“‘.‘.

“-rhh-l'u FHI’[IHI' Wils 455
sades. For what the new ¢
forms and illwlillllitllir- of a .--_liiil
that can be transported and tr;mnpl.nm.--]: L uses inventions, pattermns,

ideas. in the way that the Gothi builders in England used the oeca-
107
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sional stones or tiles ol the Roman villa in combination with (he
native flint and in the entirely different forms of a later architectyye.
If the villa had still been standing and occupied, it could not have
heen conveniently -]u.ll'ri;-l[. It is the death of the original form. AR
rather, the remaining [fe i the ruins, that permils the free working
over and il]fL'_;II';!lirvil le !,hu t']r"i‘l]l"!][:*- uf u!'l--l' -'Hl!nj'r--\, -

One further fact about syncretism must be noted, In the first slages
of irilt'gl'ilfil”lr helore a culture has set its own definile mark upon
the materials, before invention has crystallized into satisfactory
habits and routine, it is free to draw upon the widest sources. The
heginning and the end, the first absorption and the final spread and
funyueslt, after the oultural inh‘:L.{:j';tH'_-ll has taken |~Ln_'r, dI'é over g
worldwide reanlm.

'J"th_. gf'lll‘lii“:'.illill'”?‘_‘ ,;;11[1!?. to []!f' {ll'i;iIL ot the lri:'-q*nf-lf;i},' ma-
chine eivilization: a creative syncretism ol inventions, gathered from
the technical debris of other civilizations, made possible the new
n|[*u]1.:mjrul :_.n{h‘_ 'J'hr' walel 1.*-]“':’]. in l}n* form of the -‘wrli;l- hﬂli
been used by the Egyptians to raise water, and perhaps by the
Sumerians for other purposes; certainly in the early part of the
tl.-:j'll'ji-'-lial'] era h';ll{‘ilﬂi“r llfll'l lH*:"n)H’H,‘ lliirl‘f common 1n !iuunl, T]]e
windmill perhbaps came from Persia in the eighth century. Paper,
the magnetic needle, gunpowder, came from China, the first two
l*}‘ way of the Arabs: J]grllrn came from India I.'m-n;_;ll the .-"\!'abs,
and chemistry and physiology came via the Arabs, too, while geom-
elry and mechanics had their Or1gIins 1 ;u.n-n“,l._; istian Greece. The
sleam engine owed ils conception to the great inventor and scientist,
Hera of Alexandria: it was the translations of his works in the six-
teenth century that turned attention to the possthilities ol this instru-
ment of power,

In short, most of the important inventions and discoveries that
served as the nueleus for further mechanical 1[1‘\.'11[HPHH~'HI. did not
arise, as SF"»‘“EIF.I' would have i, out of some mystical inner drive
ol the Faustian soul I.lllf}' were wind-blown seeds from other cuol
tures, After the tentls century in Western Europe the ground was, as
L have shown, well plowed and harrowed and dragged, ready 1o

receive these seeds: and while the plants themselves were growing,

LI L L |\|'lj|_jl LELs LW e
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the cultivators of art and science were hu&}' keeping the soil friable.
Taking root 1n medieval i.'{lhlln:1 in a llil’ff*rrfnt climate and ﬁui1,1he§e
speds ol the machine ;-lr'lllf’il and 1took on new forms: ].‘rt:rh;lpﬁ, pre-
cisely because they had not originated in Western Europe and had no
natural enemies there, they grew as rapidly and gigantically as the
Canada thistle when it made its way onto the South American pampas,
But at no point— and this iz the illl[r{lll.t!ll thing to remember—idid
the maching represent a I'H!ll;llf‘Fl' break. So far from ht"lng unpre-
pared for in human history, the modern machine age cannot be
understood execept 1 lerms of a very fong and diverse I_H‘Epﬂl“dliﬂl'l.
The notion that a handful of British mmventors suddenly made the
wheels hum in the eighteenth century 1s too crude even to dish ap

as i 1airy I.I]t' IH+||:HI-I|.

) 'Hn' [ I ||||+.l|-r:,tfl'.1] ‘_.rumlrlr_‘x

Looking hack over the last thousand years, one can divide the

development of the machine and the machine civilization into three

1ve Dl

\t orer-lapping and inter penetrating phases: eotechnic,
neotechnie. The demonstration that industrial civiliza-
a1 sinele ‘.\'IIHII", lllil !-{-"IH\.H'_"I_] LW 1't'1.’il‘l(l.=d. l:'!ullll‘:iﬁf,iﬂg

phases, was first made by Professor Patrick Geddes and published

a generation ago. In defining the paleotechnic and neotechnic phases,

he however neglected the important period of preparation, when

all the key inventions were either invented or foreshadowed. So,
following the nrchealogical parallel he called attention to, I shall
call the hist ]u-iiml the eotechnie [lll.i‘_'-r": the dawn age of mudnrn

BlLCUEE=S
]I.!Ii otechnice,

Lion was o

Li L']Ifliq -
While eas l: of Iiu'*-::: I‘.illil-il'*-' !'-.lu;.tlll'_v.' rlf'pl"l?.ﬁf'ﬂlﬁ a perind nf human

history. it is characterized even morve significantly by the faet that
it forms a technological complex. Each pl'm:ae. that 15, has s origin
in certain definite r#g_r,iml:: and tends to Emplﬂ)‘ certain ﬁp-l’!lf‘iﬂ re-
sonrees and raw materials. Each phil*eil? has its s[)u;iﬁ,c means ﬂi
||t1|iru|;r and gt-nr.'l'ating energy, and 11s E-pm:iill Inr—ms n!' produntioa_-
Finally, each phase brings into existence particular types of workers,
trains them in particular ways, develops certain ﬂpﬁtﬂdﬁ '“d ‘&"
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courages others, and draws upon and further develops certain aspects

of the social heritage.

Almast any part of a technical complex will point to and symbaolize
a whole Q{‘I'I'l‘i.ﬂf relationships within that complex. Take the various
types of writing pen. The goose-quill pen, sharpened by the user, is
i [}'lli-'ﬂl cotechnic I'_I‘I"[H]IIl'l: it indicates the handicraft basis of jn-
dustry and the close connection with agriculture. Economically it is
cheap; technically it is erude, but easily adapted to the style of the
user. The steel pen stands equally for the paleotechnic phase: cheap
and unilorm. if not durable, it is a typical product of the mine, the
stee] mill and of mass-production. Technically, it is an improvement
upon the quill-pen; but to approximate the same adaptability it must
he made in half a dozen different standard points and shapes. And
finally the fountain pen—though invented as early as the seventeenth
century—is a typical neotechnic product. With its barrel of rubber
or synthetic resin, with its gold pen, with ils automatic action, it
points to the finer neotechnic economy: and in its use of the duralile
iridium tip the fountain pen characteristically lengthens the service
mf‘ t}'m pl_‘:lil][ ull[l rechiices !IH: need 1or 1-&111.“*-'”:- Il Ti:r‘ﬂ' E'I-:-pf-r:t"ive
('hill'ﬂf'lf‘]‘i-“.[il'!- Are Il'ﬂf?t'h?d at a llundrmi ;.u:ih[-- i T}Iv* f‘fu l'-irtll en-
vironment of each phase; for though the various parts of a complex
may be invented at various times, the complex itselt will not be in
working order until its major parts are all assembled. Even today
the neatechnic complex still awaits a number of inventions necessary
lo s perfection: in parlicular an accumulalor with six times the
*.'nllage and at least the presenl amperage of the r*'-.I-TiHru_ Lypes of
cell.

Spf‘:ﬂking m lerms Uf power uru'J L'h:lrm-ll_'rh[il' |n;1Ir"ri:l1'-‘~. i]ll’!
enlec]mic p}lﬂﬁﬁ 15 a water-and-wood I_‘H[Hi_llf'—l: I|n- ;1;_!|a-nh--'h|1iu' llh:l_a;n
is a coal-and-iron complex, and the neotechnic phase is an electricity-
and-alloy complex. It was Marx's great contribution as a sociological
economist to see and partly to demonstrate that each period of inven-
tion and prqr]m:!iml had its own specific value for civilization, or,
as he would have put it, its own historie mission. The machine cannot
]Jf divorced from its larger social pattern; for it is this pattern that
gives it meaning and purpose. Every period of civilization carries
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within it the insignificant refuse of past “f*‘h"'-ﬂ'.-;.'llfﬁ‘und ‘l'rt‘f i
werms of new ones: but the center of growth lies within its
t'!

p(nr!;mt
own |_~nmplv'.-;.

The dawn-age

1000 to 1750 During this period the dispersed technical ad-

of our modern technics stretches roughly from the

yr:‘ll
vl
arul the ]nuiw-ﬁ.

of a slowly accelerating pace.

to univel .alize the machine were Iua-m.q.-.l during this period; there

areely an element in the
ti,f-.l!!rirl]‘r' ALk 4l i“'lf’l"‘.llllt‘tlt l'l[‘fil"lg, in

< and suggestions of other civilizations were brought together,
. of invention and experimental adaptation went on
Most of the key inventions necessary

- - x_r'l'li'||lt pll.l*-f" 1_’]1.'“' llill riot {'Ii'ﬁ-l e a
15 ™

gerim, often as an embryo,

t}n" first ph.aae. Tlli- n‘lr‘.:glir-_‘f_
wenteenth century, w ith the foundalion ol {-}:‘l]{-‘:[i.

reached its climax, technologically

Sllf*:.lkin-.:. in t]nr' -

mental science, laid on a basis of mathematics, fine manipulation,

accurat# “]Tlll':_". a,".I'I-l axacl measurement.
The eole hini :*E-“'“-‘ did not of course come e‘-udtlt‘ft‘ll}' o an end

n the nlldd!r" of the eighites nth century: jlht as il reached its L'limd!'.
first of all in Italy in the sixteenth century, in the work of Leonardo
and his talented "‘“E""f'-i“'luiw s 1L came 0 8 -h‘i.]f'r'i_'fl fruition in
the America 0! 1850. Two of 11s hnest ]'lrm]ml.-. the t.‘lii])IIr.'r Eilll.l' and
the Thonet process of making bent-wood furniture. date from the
eil:"]-lt""l n-thirties, There were PArLS of the world, like Holland and
Denmark, which in many distriets slipped directly from an eotechnie

irito the neotechnic economy, without feelmg more than the cold

shadow of the paleotechnie ¢ loud.

With respect to human culture as a whole, the eotechnic period,
though ;millu ally a -iwr]nn-n'l_] one, and In its later moments charac-
terized by a deepening degradation of the industrial worker, was
one of the most brilliunt periods in lListory. For alongside its great
mechanical achievements it huilt cities, cultivated landscapes, con-
aructed buildings, and painted pictures, which fulfilled, in the
realm of human thought and enjoyment, the advances that were being
des :-'.wlj. made in the p[ﬂl?til‘;ﬂ lile. And if this ]]E!'iﬂd f&ilfd o
establish a just and equitable polity in society at large, there were
at least moments in the life of the monastery and the commune that
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were close to its dream: the alterglow of this lile was recorded in
More's Utopra and Andreae’s Christianaopolis

.:"‘illlill.t.: I||r' 1|||<!u'|'!'v'r||;_: iy ol entechnic .-n.'||'|s 1L, |:_|11.,”|._._|| _l“
il:‘- Flli'!i*l‘i'l-".'_l] t'fl.lll}.fi"-- I OOsLuome and ereed. one must look pan i
FTIll'i't“-'-f‘.-:' |IHH:iI'H- il 5 i'*"'.|r|'l_““-'--iillil'- al a -|l1_;_',|i culture, Lh proant

HOW IH"‘II‘I._‘ ip-‘-'al'-llrlf'r‘;'ll I % =-1j||:iilf‘- l|l|FIiI Il.'l"'.| Cire L 1i1"IH 1”‘\.‘_ I

”“." potion ol r.ih‘ irjoeantice |-!-'1L, >l PO, '1| to have heen madl A Ti

the Renascence: a contemporary illusion, unduls cmphasized by
|,l|r_=r' h:.l.uxi_m- Hl_ll ne miist .1|f|| i1 l:ii,ql:.'n LET0MI1 S M1 T |~ ri|1l 1,H|,I1

the increasing technical advances of th ety there was, for ren

=00ls lh'-:!”‘. :!r--‘r‘i'r'l'-{--lif +~l- r_i--- !...---‘la:-n 1l | ] [ -.-JI="|l.H:-“II:'-’.

‘Il'llfl“ll rfi'—-i'hrlju“ l"!I|I lnl'.l‘= .1!"- ti: ']|' '.: !lli r:-'.ll_-'" | IU. ]I'| IHJ‘-

=0 m!!} *ll='11'l§f|:‘. the dawn ol a new dav, bul ils r.,.ij._..!,[_ [he
mechanical arls advanced as the humane arts ikened and re-
ceded, and 1t was ot the moment whe form and Lization had
most .'-irn!'nir-h-|'.' bhroken L that the t mpo o vention became more

I'J.I!Iid. JrIIJ ljr!' |{|1|fi|.;+||.-'.|:|i':l of machines and the increase ol NOWer

ook pl.il_r.

3: New Sources of Power

At the bottom of the eotechnie econom dands on Lmpartant
f&n_‘!: the diminithed use of human beines as nrime movers, and the
separation of the production of energy trom s application andg
immediate control. While the tool still dominated production energy
and human skill were united within the craflsman himsell; with the
F,t'pur.‘i!iun ol these two elements Lhi productive process ilsell ended
Il','WI.l!'!‘_] da grealer i.rl:pt-:-n-u.!n!‘_.. and the machine-tool and the ma-
chine developed along with the new engines of power. If power
machinery be a eriteripn, the moderm industrial revolution began
in the twellth century and was in full swing by the fifteenth,

T]]B eotechnic [u-riml was marked first of all by a «teady increase
in m:tual I'_'ll.:lfb,f"'[lll‘p\'('r lT||i~-~ COarne ‘.“l'i‘l'll‘l. 1'-I'HIIJ LW pleces of a -
[h'iIEluE: ﬁl.‘ﬁl, the introdootion of the iron horseshoe, [un!l.lhh' I
the ninth f:&nlury,, g device that increased the range ol the horse, hjf
ﬂdﬂ[ﬂiﬂg him 1o other regians besides the grasslonds, and added
te his effective pul]’ing power ]l}' giving lis hoofs o F:Iip. Sepond: by

m arctiizal harweaaogwer vt rama  divrerstle Tvam wa nsaess ] 91
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} wry the modern form of harness, in which the pull is
tenth CENLUEY

_h...i'ul-w psded

Lhat

ili ||i- al Il!l' '-.l""l!'-. Wils I"-lll'rll"l-l.l.t'-"l ill Tﬁrl?‘:’l*

5 ,' [I" i i s I|

med - Lad existed in China as early as 200 B.G. and by

' iELE . . y ) .

el bt Irl g 1 had “j*i‘.'"‘"h"l e LI theient harness ”H

" . ltl i |||Ir N - |
Iil'-_ t.'l.‘i[

s |
had knowi.

8 l'-. i 1= |I|1. :|-! 111 I,:li' ”]l”if' Or a means l"F{ ITANS-

{ | S41l Wis 4 consit |!'4".l|||!l_' O, iul ll'.i’, htl!!-t‘.
ot

w nut I |
b | iLewise an improved agenl of mechanical pro-
port: he hecamm Fwise Al |

| liaine horsepower directly 1o3 grinding corn of

ions mills ulHizing o | : _ , .

o ! nto existence all over I',l!.'niw. someLmes
for |i|||1|i":|'.' vVl Shel L

[ 1Orm ' human power, somelimes serving
ementing ogiel 1o LR Rl
.-lli'l*l i

the number ol horses was

_ wal source. The increa

h t]]L-k {::ﬁ”.b.-li,l:r:l.l_- by improvements in agriculiure and by the
“I“L' I' qp ol 1the hiithiertes L.----i_' cultivated o1 I””“F“li f“[{l:.l
“[H_ll.lu;-. 1.:.1.’|,.-:.'I Fiiror his ereated a condition somewhat ";”_“l'
1o that which was repented in America during the pioneering
ar 1o uidl Wilaan e me

al then lji-'-l'“-**:_l.L woere

=
-
—
-
[

N i' "i. 11 i ';l 'i|.'|' SANE :-_r r*1
YETHOLE « LIS -
i ] i | | |I .l” \ ¥ § .-! l.-.r _r.'. il"i!“;i”‘.:lill:l I:'I Il:‘b“l‘[l tl_}
ACKINE v ali i3 ! . " | ad
. 'r m yvine devices hal the Dhelles '--'!ilr'!i reglons in the
INEENIONE LI~ - | 5. _ &

| } '] 1 - Ay s O | Dhor 1 ']h ir CASIETD r'l.i“l]ll,lf_ﬂ'l‘:- U[ l"\-"lng
sOuULll Wikl Tk Mirnliis , . )

| | 1o invent, This iact periaps Was partly n-_fapmmhln
were nevelrn Forces () ! L, 1 l_ ‘
‘f Ll ’ i'e- Fneree of technical mmitiative thal marks the ]H:Iillll.
|’]- 11 P11 Al LAt i | | i L - - :
bl hile horse power ensi el the utilization ot mm-h:mlrﬂl
Iil 1."| 1148 L&} l.”". | 0 il | k

1 | : SO ot therwise lavored by nature, th‘ g!’t‘-;lh"t-'l’.
moethods I regioms ol olherwi ¥

L hnieal Progress came ;*1',-~-r-i in regons !]'1.'5.1 !!.’]1i Lllnllii_liilil ﬂl_lll[l]-iﬁﬁ
of wind and water. It waz along the fast flowing streams, the Rhane
and the Danube and the small » |1=-'.~] rivers of lL.‘ll}‘, and in the North
Qea and Baltic areas, with their strong winde, that this new civiliza-
tion had its firmest foundations and some of 118 most H]i]ﬁnl“l.] cultural
X TITE S 1ONR

‘1,"; ter-wheels for raising water in a chain of pots and lor Wnrkiug
automatic figures were described by Philo ol Byzantium in the
third cettury B.C.; and water-mills were definitely recorded in
Rome in the tirsl century B "LHT_I!qufr ol 'rhl‘“‘-'-:llﬂllil'ﬂ._ A €on-
Lemporary ol Lieero, SRng byis {u;.]i.-r ol Iht’ W Il‘ti”ﬁ- imn lhi‘ fﬂl'
lowing poem: “Lease from grinding, ye women who 1oil at the
mill; <leep Tnie even if the crowing cocks announce the dawn. For

— - !'I rI‘l’l‘-!l '--ﬁllﬁ-l";t:E‘ ig -I"'ll-“'!—
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| - eedarad the Nvym svha to perlorm the wor uf'\f..u[ , . s B .
Demeter has ordered the [ i s | hans, for spinning alk, it was used in fulling-mille to work

. : 'y wel
wn on the top of the wheel, turn its axle nishe i o |
. I ) , Wit t {1l |u|1|!ii Lhe ;.'!HHIHL_F,I machines of the armorers.

) [In felta, and 1
I]"ll"' wire-pulling mit hine invented by Hu.]ulph of Niirnberg in 1400

o by water-power. In the mmimng ind metal working opera.

.IHJ I]IF'}. J!“.‘I!}j“!f_
n!lll il- n'.-.u]nn;_- "‘I""‘-L-* |
stones. We tagte again the jovs of the primitive life, learning to fpys
Demeter without labar.” The allusion i slgnifi-

s, turns the heavy concave Nisyrian mill

wis work | ‘
on the pr-u.lml— of « Dr. Georg Rauer des ribed the great convenience of water-
Marx pointed out, how much more l”“"“”"ly Lion .

cant. 1t h]ll“\'..‘ as U rpOses 1 ".IH- L1y, _”“l h'”:_:i._i._.lf.t] tll.ll i[ 1t

classie ervilizations h'|£,ll‘df‘d labor-saving devices than did the enler. p”“.r|l |t“1. -.Ir'|._r_..,l1.lilll--.-|:E|-,. niently, 1 hould be used instead of horses
prisers of the nineteenth century: and it |”I“"'-_‘ lurthermore, that - ooy ,I,‘ -i-t lurn the nnde reround machinery. As early as the
though the more primitive herizontal wheel was probably earlier, Itl-!| - ll..||w:- ater-mills were used for crushing ore ;“1-- 1T
alnl becise of its ri!ﬂ]ilﬂ constructron was nsed K'—!-i"!'-. the more |1i“ !_Il _I ul {ler-powe relation 1o [Le- iron ill-lll-lrla"« cannot
4'.:nmpl|w.¢!rni vertical type had come nto u..-. and apparently like. ;""' ""I' | “1‘“”]"' R i pawer 3t WhE S b
wise with the more efficient overshot wheel. Vitruvius, in his Lreatise -H ul‘:-.rl::ull POWS rlul bellow illam hu;h-. r heats, use I.i'i';.:i’l' fur-
on architecture, describes the design of gearing I.-. regulate the speed. :IHH 1 therefore increase the production of or

| ke N Orale s ¥ ]-1 = Lk HT ™ % i -~ H
Unlike the elaborate sanitary lacilill L Home, the water-mijl] The extent of all these operations, compared with those under

never fell into r””"f'l"r" disuse. There are allusions to such mills, as natierally small: but so was the

. . ” l‘ l i l ' | il Lll-.,f'“ loday 1 Fazen O Lary, wis
% - (1] : | ("1l i L} =1 dAWs n the 1ih = - T - 1 - |
[__}“ r pomts out, 1n &4 ol L10n Il WS | inith century - ancietv. The ditluzion ol power was an aid to the diftusion ol popu-

: : _ —_ ) o= N
and they crop ouf at intervals in other laws and chronicles, Ihnllﬂh lone as industrial power wi [r~i.;--~.—1;:r-.] direcily by the

lation: as long

ﬁf!‘-l ll'-l_'l] {0 pll‘!ltl COrT, ”,'ui_:v water-mill was used to saw wood as atilization ol energy rather than by finan @l nvestment, the balance

early as the fourth century:; and while, with the breakdown of the he various regions of Europe and between town and country

!ﬂ |1|.'||| l'-ll .,ill

EI'II}HID nluf Tht' l.li{'l rease ol Ih:_' ]u-]-ﬂ'-allfr*l. '!I:'_' number of mills may I Tegion was prefly eve nlv maintained ]I Wius mlh' W il'n the

wilhin

l".‘Il"'|1l "|-"|||'l.1'.:;il:=|1.

]1:]'&'1-' J-_'-'n_-;iw-'fi fﬂl' d Iiflir‘,, tht'%‘ came back dgaln in the !.i:ff.i-@.filaznlp- ol hinanecial and |_u~1ll.'1 al power in the Hl.\li*-"ﬂlll

tion and the land-colonization that took place under the monastic and seventeenth centuries, that the excessive growth ol Antwerp,
orders around the tenth century: by the time the Domesday Book A S
survey was made there were five thousand waler-mills in England Only second to waterpower in importance was windpower, What:
alone—about one to every four hundred people—and England was ever the route it entered, the windmill spread rapidly in Europe; and
then & backward country on the fringe of European civilization, By  wns widely diffused by the end of the wwelfth century. The first
the fourteenth |_-;,‘ntur:|',t]11+ waler-mill had becoma common Lor manu- lefinite kinowledge of the windm 1 comes [rom B chaTter 1105
L‘-lclur'mg in ail the great industrial centers: l."-luh.+}_',r|,-|, "’Lli;ﬂ'i‘nrlr;;. L'lm. vuthorizing the Abbot of Savigny 10 ¢ stablish windmills i the diogese
Their use possibly worked down the rivers toward the estuaries: for of Fvrenx ,- Baveux. and Coutances: in England. the first date is 1143,
in the sixteenth century the low countries used water-mills to take and in Venice 1332: in 1341 the Bishop of Ulrecht sought to eslub-
advantage of the power of the tides. ieh anthority over the winds that blew in his province: that in itself
Grinding grain and pumping water were not the only operations s almost enough to establish the industrial value of the windmill
for which the water-mill was used: it furnished power for pulping in the Low Countries by this time,
‘ rags for paper fnﬂw'rtﬁllurg? 1290): it ran the ]““nmpﬂ,m und ecut- .\]- it from the windsurbine, deseribed as r.lrh' as 1438, thers
' ting machines of an ironworks (near Dobrilugk, Lausitz, 1320): it were three types. In the most primitive type the entite structure faced

e oo (:’tug:&burg: 1322): it beat hides in the tannery, it fur the prevailing w ind: in another, the entire structure turned to face i,
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sometimes being mounted on a boat 1o facihilate this: and i the G
developed type the turret alone turned. The mill yveached iy Brenlest
size and its most efficient form in the hunds of the Dyl CHEINeere
toward the end ol lhr‘ sixteenth century, althourh the I I[ill‘] "-’"5'.*:
necis, illcludjrl_i: Leonardo himself, who 15 usually Vi V“'(“l [-"[‘
the turret windmill. contributed their share to the m wehine. [ thie

development the Low Countries were almiost much the center of

power I'l'ulillr'tiril'l 1= ]'_-III:].E'HI was durmg the later coal dand Irog)
régime. The Dutch provinces In part wlar, a mere flm ol sand.
drenched with wind and water, piowed from one end to the othey
!*_‘r' the Rhine, the Amstel, the Maas, developed windmill to the

fullest P”“"‘il”l“ degree: it ground the grain produo on the rich

meadows, it sawed the wood brought down from the Bualti Coast to
make the {”"”” merchant marine, and 1t ground the spio some five
flll!l*{leLl Ijinrllwilll{] l)l:llll.]: per annun hv the wenlteenth o by

that were brought from the Orient. A simila \on: spread up

r]”li ‘.']'.I"l.“ 1]-."' l[”":llu !.]}.-Ll-‘-h‘, :‘.lt‘-l'. [!_'l-| :1_ I s I lul"lkt"

to the Elbe, for the Saxon and East Frisian s the Baltie had
'HH‘H l-'.l"..”il'!'-" Jl'f\-‘ lhI!‘.'h -"HLH":‘-E = I l!‘,-- I‘ '.|,.--i!':-, |
Above all, the windmill was the chief agent in land reclamation.

The threat ol inundation ]*'1' the sea led these North

Sea fishermen
and farmers to aftemplt not only to control the water itself. hat l’.y
orth the effort,

drained and

h\‘l'fri_ll'hllbil., i-'j]‘i-;t q-:.q1|:f‘|i O i"r !I”. monasti r.;-|. re. |]I te rer ! ||“_J"[i0n

k'i"l'_’]]l.”g "_ hi]l_'l‘:.. 'Ilrl i.!IIJ! () |hr' _I.*'HI!, I!]l' ALINdd
for this heavy soil provided rich pasture, afl
had become, by the sixteenth century, one ol the muajor industries
["f Lthe Dll[l'.fll Onee the |]%|$-u were built, however, the Illw[rlr‘m Wis
how keep the area under the level of the sea clear of water: the
wandmill, which operates most steadily and strongly precisely when
the storms are most fierce, wasg the means of ra SIng the water ol
”IE’- I'i:iillg streams and canals: it maintained the bhalance hetween lli"
water and the land that made lifi possible in this precarious situa-
tion. Under the stimulus of self-imposed necessily, the Duich hecame
lllE leading I:ngiuw-rw uf l':I,II'fIIH': thwr -_m]-. :i'..tI~ were 1 [Idl‘_{.
Whr}n the Eilglihh, in the L-url}- seventeantl century, wished Lo dratn

waler angd 1he land T hol msmyaples — T 1T

their fens, they in

en;:-ll!t" 1

mere
ll.‘“ |l1"I-|i'.'i . [.I'H'-l‘

dation of the
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vited (_ornelius Vt‘:l‘meydr*n, a celebrated Dutch

to undertake the :Mh.
The gain in €nerg) through using wind and water power was not
§ direct 'l'-'} IH'II;i[lf.‘_ pi.l:-hllrlt' the cultivation of the rich soil ol
| mechanical instruments reversed that steady degra-
soil which had re culted from the uulting down of the for-

"1|'|. {rom il“' 1"“111“‘“[:]11-” SVELEIN ‘_'f .igl‘lt“lj]ture t}]at hﬂd

ft- vl - : - P 5
led (he best Roman practice. Land butlding and irrigation are

SHOCee e e L ' ' .
L,[ 112 (. regeneralive agt n-u]ture: '{}lt' wmdmﬂ] mlth‘d

the .‘il;.‘ll-- o1

i 1
,H--wlllh'l'r 1O Ll

the amount of energy av ilable by helping to throw open

s well as by protecting them and helping to work
yaucls,

i wind and water power did not reach its height
intil the seventeenth century: in England,
not till the eightes ath century. How great was the increase of. non-
during this pei od? What was the sum total of non-
human energy .-.]w-':'--..; to production? It is difficult, ]_‘lf.’.l']hii.!‘j: impos-
sible. to make even o oueh guess as to the total amount of energy
v 18 that 1 L-‘{'Il lln_Tt_*;:r:ing_l; :w!t"dd"ll‘f from the

. I Leerved that in Holland as late as 1836

eleventh century on. Marx obi +
12.000 windmills in existence, giving as much as six
' the estimate is too low, for ene authority
of the Dutch windmills as higjl as len
horse-power each; while \ owles notes that the ordinary old-{ashioned
type of Dutch windmill with four sails euch hn,-nt.j.hfuu_r feet long
.:-!ui 815 about 4.5 brake ]'Il_lt':'it‘-pu“'t?l' in a twenty
mile wind, (M course this estimate does not include the water power
votentially. the amount of energy available for
ared with any previpus civilization, In

“n“‘i I L I |”|-|';,__
111"- Llu'er II|1|||l.I’_- 18
‘ll‘li i_E-"w-,-.']H!H.h"lli i}

I ||'-|ll"

in mosl !il'.'::- 1

Organic Energy

. 1
available: all on

there were

Ti‘.l'l':'“-l!"! NOT S -I'-I‘H.i:'k . EH*,

rales lhe average etheiency

Fg=1 &

el ‘n'*-h' Ft'fh'!.lh'-

lh..l WAS tu"llt__: i1~-1'-.[.I

jl."llllill*.fillll Wils l'|'l;;!| as FHIH].' . :
spventeenth cenlury the most [Hm-frrhﬂ }‘l'illlE mover i existence

the : :
wus the waterworks for Versailles: it developed a hundred nrﬁ-lﬂ-

» ' . = L | - -
powel and could raise a million l;ll“l}n.i d dii} 502 ['l."ll. Bllt as cariy

' ' .. erected i ised
e Peter Morice's Iltithml“ pumps, {rw.ttd in I..'.}l‘ldﬂn. ra

= l'-l:hlu . : -
four million gallons of waler a day through a 12 inch pipe into &

tank 128 {eet high.

While the supply of hoth wind and water was subjeet to the

5

} i (B -!] N —— h!’-«r :I--—*-*-' "fi#l[ll‘i 1 ‘II.!TII}H. i‘ll‘EL‘ L" U1 . l il - # .
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1.’;]!_’{.'[]’i|f:- ol I:n‘:l] ‘nf‘ill]ll‘r .Jnd the annual I.|}|lfilll, L}n‘l‘(‘ Wils pl.,[._

ahly compared to the present day less stoppage through variations

in the human labhor requirement, owing to strikes, lockouts, and ovey.
production. In addition to this, since neither wind nor water-power
could be elfectually monopolized—despite many cHorts from the
thirteenth century on to prohibit small mills and querns, and to es.
tablish the customn of grinding at the lord’s mill—the source of
energy itcelf was free: once built. the mill added nothing to the coxst
of production. Unlike the later primitive steam engine, both a large
and a t"LL'-'-I]j.' device. very small and !rt'ilrliﬁ\l' water mills could be
Iruj_“;_ ;_un'] were hu”t: :lnd since most of thie Move ._|}-f.~* ]r.lllﬁ were (jf
'-.H'u]d ul'n] stone. l]n' HIi;LIlLll Cosl was I-.-ur ;md tlli' ('lr‘fl-'lllil‘at-luu
ﬂlrnllgh spasonal disuse was not as great as would have been the
case had iron been used. The mill was good for a long life; the
up]-:ﬂ-p Wdas nnﬁliuﬂ; tlh_' -‘”U]']H' Ol power was ine i}t-'-H-Stible. :’\nd
so far from l'n.-}viai'n;; the land and leas iz behind debris and df-nopu-
lated villages, as mining did, the mills helped enrich the land and
{acilitated a conservative stable agriculture.

Thanks ta the menial services of wind and water, a large
jll'['”i.ﬂ:l.’Tll.‘"‘I’.l could come into existence, and greal works of art and
':'.L"hl_li.il‘!':']'['ip ;!:ld scieiice and -_'II_::{nr'f ii“_;;’ coitld be created without
recotrse to slavery: a release of energy, a victory for the human
spirit. Measuring the gains tot in horsepower originally used but
n woTk ﬁll.’l”} ﬂi_'l'ilT[]Jlli-In:il. the eatechnic I riodl COMpares bavor-
;ih[} hoth with the epochs that preceded i and with the ].-]-_;—r-a of
mechanical civilization that followed it. When the textile industries
ﬂ[l’ﬂiﬂl'd an Illll'li‘i.-ll"{l Ulr wl|l||ru- ol I':t'm]nr'lir_.itl in the 1'|_'-:!111'-'1i1,}1 Cen-
tury il was lJ}' means of wiler-power, nol the steam engine, that this
was first achieved; and the first prime mover to exceed the poor five
or len per cent Pﬂ'h"l!"lli‘fr' hl-' the ea !'1}' sleam CnEInes wils i’iallllln'x'lml‘ﬁ
h‘HlPT-lU!’hint!, a further {lv!..'t'ln!nnr'Ill of the i':.tlu-}llr'- u}mn:mhr':'].
perfected in 1832. By the middle ol the nineteenth century waters
turbines of 500 H.P. had Leen built. Plainly, the modern industrial
revolution would have come mto existence and gane on rl"-h]llﬁ' had
not a ton of coal been dug in England, and had not a new iron mine

been opened.

‘lli‘-ll;ﬁﬂ.‘- nF o T IID Mo [ ST ‘.u;]l l_‘].a.h-,'lm.- ' . n--”-“L'rl- YL E 1I-||1r;l
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4 - Trunk, Plank, and Spar

The myslic Jentification with the life of the old forvests, which one
frﬁ]._- i ;]ur Ir.ll].ill‘h an(] folk-tales of the ]:-l.'riml. {'Ip!’l:%ﬁt".{l a lact
about the civilization which was emerging: wood was the universal
material of the eotechnic economy.

First of all, wood was the foundation of its building. All the
rl;lbora!-' masonty forms were -']lt]il'~|ult'nt upan the work of the ear-
g nol me rely that the PErs Ult‘[‘lhrl‘«.'fti* in the later ;:nﬂlli!

enter: It wa '
EU”.,“W{.;.“_ resembled tree trunks laced together or that the fillered
lirht within the hureh had the dimness of the forest, while the effect
([-Hu' bright glass was like that of the blue AIcF or a4 sunset seen

t}l )“”h H- Lracery n‘; liF.!nCh"‘*'. t}ir* fulft i;. t]'lf‘-'t. nOne {If ”Ii-’: con-
L. ¥ .

glyuction wis

withou! wooden Ccranes
aized the necessary heights. Moreover, wood alter-

1_m-~='.~le wilhout all ¢laborate falsework of 'sﬁ.m:ul: noy
and windlasses could the stones have been

convenient!y

na'h--l with stone as a lmﬂ-lnl;‘; material: and when in the :i!ilt't*mll

century the W ndows of the !l‘nr-ﬂm;: lw;:.:r-. 10 imitale n lil't'ﬂi:h_h
and openness those of the public buildings, wooden hmum.mrncd
the load across a space impossible for ordinary :lnm‘-' or l'rn::.k cofi-
struction to span: 1 Hamburg the burgher houses of the sixteenth
century have windows across the whole [ront.

As im* he common tools and utensils of the time, 1111}::* were more
often of wood than of any other material. The carpenter’s tools were
of wood. but for the last cutting edge: the rake, the oxyoke, the cart,
the wagon, were of wood: 80 was the washtub in the h._ilh'l'l.uu'i-t:: &0
was Ih; bucket and so was the broom: so in certain parts ol Eum?e
was the poor man's shoe Wood served the farmer and the textile
worker: the loom and the spinning-wheel, the oil presses and the
| and even a hundred years after the

+ was still made of wood. The very
pipes that carried wates - the cities were often tree-trunks: 5o Were
the cylinders of pumps. One rocked a wooden ¢radle; one slﬂpl on .ﬂ
wooden bed; and when one dined one “buﬂrded." One bruwed heer ll'l
a4 wooden vat and put the liquor in a wooden barrel. ..qlu]::ptri of
cork. introduced after the invention of the glass bottle, begin to be

‘h'i.lll* i'ru'}'-w-_- wers n! Wi

printing press was invented,
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mentioned in the hiteenth century. The ships of course were made
of wood and pegged together with wood: but to say that i anly tg
say that the principal machines of industry were likewise made of
wood : the lathe, the most important machine-tool of the period, was
made entlirely of wood—not merely the base but the maveable paris.
Every part of the windmill and the water-mill except for the grind.
illg.:’ and ('uttm,«:: elements was made of wood, even the I_'r;uint_rg: [hc
pumps welre (“Lh‘*ﬁx of uunti. .'Hnl even the steam i.'r|.-.tir11', 4|n1.~.11 to
the nineteenth ecenturv, had a ?.1[';1' number of wooden parts: the
bhoiler itself migh[ he of barrel construction, the metal b Ing con-
fined to the part exposed to the fire.
In all the operations of industry, wood played a part out of all
pl‘ﬂpnrtiun to that pIJTl'I! |::1 metals: had it not, indeed, been for the
dt'l‘ll:‘llld for Illr'l._ll COINs, Armor, cannons, -'illii annon-i

halls ~lrrrillg

this period, the need for metals would have heen relatively insig.

uifjr;]nf: it wias not [1‘:1“:(']\.' the direct use ol u-..-.l bhut 1ts |-.nt m

mining and smelting and forging, that was responsible, as 1 pointed

out before, for the destruction of the forests. The OpPeranons ol min-

ing demanded wooden beams to serve as shoring: wooden carts trans-
i;u_ll'h"l{ t}lf‘. Ore, ."H'n’ ‘-'\'l'itl!lf"ii ]tl.l!il-; - ¢‘.||1in‘r| [l'li" '|1.'r.ni DVEr 1i:e_' nneven
surface of the mine.

Most of the key machines and inventions of the later industrial

age were first developed in wood before they were translated into

metal: wood prut-‘i:]t'l] the ﬁnf_’r'l‘-r"'-.- reises of the new industrialism,
The debt of iron to wood was a heavy one: as lale as 1820 Ithiel
Town, a New Haven architeet, patented a new Lyps ol lattice truss
hI‘il.lg{', {ree from arch action and horizontal thrust, which became the
prototype of many later iron h;']i]g{“ﬁ-‘, As raw material, as tool, a8 ma-
chine-tool, as machine, as utensil and utility, as fuel, and as final
prnducl wood was the dominant industrial resource of the eotechnic
phase.

Wind. waler, and wood combined 10 form ﬂw basi¢ for still an
other important technical development: the manufacture and opera-
tion of boats and ships.

If the twelfth century witnessed the introduction of the mariner’s

compass, the thirteenth brought the installation of the permanent

“;;Hfl T, X O g 'll.'-lr] lln-ul-"l-f'h-I i-r-imlﬂ:!-fl-l | I-F--I-'H'I-' ll- ® I—-l--":-' ;f-l'l" h'-;ll AqAT-
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rudder. nsed st ad of Iht- oar for steering, and the sixteenth intro-
Juced the use of the elock to determine longitude and the use of the
quad|.mt to determine latitude—while the paddle-wheel, which was
not to become important until the nineteenth century, was invented
p(l:»ﬁlbl}f ws early as the sixth century, and was designed definitely in
1410, if not put nto use until later. Out of the needs of navigation
came that enormous labor-saving device, the logarithmic table,
wolL'-"'] out by Briggs on '\'J|_niti'T'.- foundation, and a hittle more than
a century latel the ship's chronometer was finally perfected by
Harrison.

At the beginning ol this period sails, which had hitherto been used
chiefly with oars, began to supplant tiem and wind took the place
of human muscle for working ships. In the fifteenth century the two-
masted ship had come inlo existence: but 1t was (l!‘pt‘nlirul upon &
fair wind. By 1500 the three-masted ship had appeared, and it was
so far improved that it could beat against the wind: long ocean m}:-
ages were af last possible, without a \ikuug’f- dﬂ.rmg. am"i a Jobh's
patience. \s shipping incre ycedd and the art of navigation improved,
harbors were developed, lighthouses were placed on treacherous
parts of the coast, md at the beginning of the eighteenth E'r‘fﬂtl,il“}' I:he
first lightships were put to anchor on the Nore Sands off the English
coasl. \;. ih .._.,,.ﬂ INg onfidence 1n liié '.ﬂlilil} to sleer, 1o tltaku‘.t hl‘:"iili-—
wayv, 1o find his [HJJEF_ITHII. a*.lid to I'!‘;,:H'h i‘H.‘.-IL T_ht: satlor rtfl.lllilt:l'.'d lll'E-
slo;v land routes with his water routes. The gcononie gmu'dur“lo
water transport has been calculated for us by Adam Sl_nllh:uﬁ
])1”.1-|=1.'.*'-t'r"- al h:l_»;'mﬂ“ he observes n The Wﬂnml of Nﬂl{ﬂﬂﬁ, ﬂ;t:
tended by two men and drawn by eight horses, ﬂi-:“':“ six weeks
tiflh' l'.'HJ.It = .‘:!n'1 !niltgza luu'k lrt'{wﬂt*ll Lul'ldﬂll ﬂﬂd Ed““!mrghi near
four ton weight of goods. In ahout the same time a ship nuvigated
by six or eight men, and sailing between the ports of Lﬂﬂd‘?"ﬂ ﬂf::l
I..vii_h. {requently carries and brings back two hundred ton WE‘E“:‘I
‘E':Um]:. NIX O t‘i!f_.lli men, therelore, l_\‘"h' the I'H‘,tp of water Cll'lﬂﬂg:;
L'I-'H'I carry and bring back in the same time the same quantity
goods hetween London and Edinburgh, as 50 l:rtlﬂd-w}lﬂﬁlﬂd Waggons,
attended by a hundred men, and drawn by 400 hnrscsi. .

But :-'hi}hw served not only for facilitating international transport
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and trade over the ocean and along the continental rivers: boats also
served for regional and local transportation. The two dominant cities,
one al the beginning and the other at the end of the cotechnic period
were Venice and Amsterdam: both of them buill upon piles, both of
them served by a network of canals. The canal itself was an ancient
utility; but the widespread use of it in Western Europe definitely
characterized this new economy. From the sixteenth century on canals
supplemented the natural waterways: useful for the purposes of
irrigation and drainage, and in both departments a boon to agricul-
ture, canals also became the new hig’hu:n s in the more |.H'u;_:l'r*r~15ive
regions of Europe. It was on the canals of Holland that the first regu-
lar and reliable tl'm:r-pm‘tutin‘rn service came into existence: almost
two centuries befare the railroad. “Except in the case of ice,” as
Dr. H. W. Van Loon observes, “the canal hoat ran as regularly as a
train. It did not depend upon the wind and the condition of the
roads,” And the service was frequent: there were sixteen boats be-
tween Delft and Rotterdam every day.

The first big navigation canal was that between the Baltic and the
Elbe: but by the seventeenth century Holland had a network of local
and II'HI}':--I'(*giUH;l] canals that served to coordinate i::thh‘i:}, agricul-
ture, and transport. quit.lt*rmﬂ]j;, the contained and quiet walers of
the canal, with its graded bank and itz tow-path, was a great labor-
saving device: the effectiveness of a man and a single horse, or a
man with a pole, is imcomparably higher on a water highway than
on & land highway. -

The order of development here is significant. Apart from begin-
nings in Italy—including Leonarde’s plan for improving the naviga-
tion of rivers by canalization and locks—the first great system of
canuls was in the Low Countries, where they had been instituted by
the Romans: then in France in the seventeenth century, with the
Briare, Centre, and Languedoc canals, then in England in the
eighteenth century, and finally in America—except for the minor
ity c¢anals of New Amsterdam—in the nineteenth century. The pro-
gressive countries of the paleotechnic era were in this respect the
backward ones of the eotechnic phase. And just as the windmills and
water-mills served to distribute power, so the canal distributed popu-
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lation and goods and eflected a closer union hetween town and coun.

try. Even 1 America one 'COUId "-":"" the typical eotechnic pattern of

population and industry in the State of New York around 1850,

when, on the Lasis of local saw mills, local gristmills, and an inter-

lacing system of ¢ anals and dirt roads, the entire state was populated

with remarkable evenness, and industrial opportunities were avail-
able at almost every point in the entire region, This balance hetween
agriculture and industry, this diffusion of civilization, was one of
the greal social achievements of the eotechnic period: to this day, it
rives 1o the Dutch village an outward touch of fne urhﬂnil}'; and it
Eﬂ;rm a marked contrast with the atrocious lopsidedness of the period
that followed.

The development of ships, harbors, lighthouses, and canals went
on steadily: indeed, the eotechnic complex held together longer in
maritime matters than it did in any other department of activity. The
fastest type of sailing ship, the clipper, was not de&igneﬂ until the
eighl*‘r"ﬂ forties, and 1t was nol until the twentieth century that the
triangular type ol mainsail replaced the topheavy polygon on the
smaller eraft and improved their speed. The sailing ship, like the
windmill and the water-mill, was at the merey of wind and water:
but the gains n ]-:I'l-lw.l\'ilﬂ: and in ]mr:u_*-pf:-wer. lllmlgh aguin \11-
Calml]:nlﬂ--, were t[r*m-'*th!mlJ\; impurt;mt. Tu :-‘-_pt':.l]{ ﬁf p{)\vﬂ' 48 A
recent acquisihion of industry i= to forget the kinetic energy ol .ﬂ?u.
ine water and moving air; while to forget the part of the sailing
. wer-utilization is to betray a landlubber’s Ignorance of the
realities ol e onomic life {rom the twellth century down o the third
nineteenth, Apart from this, the ship was ind.irectly i
factor in rationalizing production and standardizing g““di_' Thus
[or manufacturing ship’s biscuils were built i Hel-
land in the seventeenth century; and the manufacture of rea_dy-.ln-
wear clothing for civilians was first begun n New Bﬂ-d{'ﬂ!‘d fmﬁ thl.'.
i'jplll!'i'llhfltllit‘.r hecanse :.Jf the needd for {]llit‘!kl?' Uutﬁm Hllﬁﬂ

ship in po
l]llll.l‘I-'l‘ of the

large lacion T

when they reached port,

_Hﬂl ll”llli|ii-\ I L ivIiTiaar e .

- .
- i AUy D | [
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5: Through a Glass, Brightly

But mosl Ull'[h'll'l.l“f of all was the part plaf-'*‘*] I'Y F—L]?“"“*' in the
cotechnic ecanomy. Through glass new worlds were conceived and
brought within reach and unveiled. Far more significant for civiliza.
tion and culture than progress in the motallorgical arts up to the
i:'igllh'!_‘ni]l cenlury was the E_rr:xt'l advance In ;:]:l-~-r--1|1:1LiI‘t;‘.

Glass ntsell was a very ancient discovery ol the i',L‘."y’Dti‘cln‘.n Or pos-
sibly even of some more primitive people. Beads ol xlacs have been
found as far back as 1800 B.c. and openings for glass windows were
found in the excavation of Pompeian houses In the early Middle
."H..';t'.:-.i1 ;{,LJ.-'-:&. furnaces lu‘;__';in {0 come ]'.H I-..‘ ii1~| n [llr' WOOded dl’s.
tricts near the monasteries, then near the cities: glass was used for
holding liquids and for making the windows of public buildings.

The early glass was of indifferent texture and finish: but by the
wwelith century glass of intense color was made, and the use of these
gl:l:‘-'ﬁt':—; in the windows of the new churches, admitting !"Tii‘[g modi-
fying it, transforming it, gave them a sombre brilliance that the most
ornate reu\-'ing .';:r'ul ;_-,':-n]-] of the l.‘i_lli'H[H*.‘ chiur lhes only fes l.[y riv;tl.

By the thirteenth century the famous glass works at Murano, near
Venice, had been founded; and glass was already used there for
windows, for ship-lanterns, and for goblets, Despite the most zealous
efforts 1o L’.’l_‘.l"}! secrel Lthe technical methods of the Venetian glass
workers. the knowledge of the art spread to other parts of Lurope:
by 1373 there was a4 guild of glassmakers in Niirnberg, and the
development of glass-making went on steadily in other parts of
Europe. In France it was one oi the {ew trades that couwld be car-
ried on by a noble family—thus taking on the characteristies of
pnrce]uiu manufacture—and as ruth‘ as 1635 Sir Roberi Mansell
obtained & monopoly for making fint glass in consideration of his
being the first person who employed pit-coal instead of wood in his
furnaces in England.

The development of glass changed the aspect of indoor lile, par
ticularly in regions with long winters and cloudy days, At first it
wits stich a precious commodity that the glass panes wer removable
llltl were pul in a safe pluvu when the oceupanis left the house {or

urnaces il ' H
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any time. This high cosl restricted glass 10 public buildings, hut step
}-'." step it ”|_-';|||_1 1its way into the ]H'h‘utn {hw_ﬂjng: Arneas E‘}'lviuﬁ
de Piccolomini found in 1448 that half the houses in Wien had
FJ'"" wi_nd"“ and tomull the end of the sixteenth century glm
wssumed in the design and construction ol the dwelling honse a place
it bad never had in any previous architecture, A parallel develop-
ment went on in agriculture. An unedited letter, dated 1385, writtén
in Latin and signed John, relates that *at Bois-le-Due there are mar-
w.ﬂuu-. machines, even tor th:ming waler, lm;u]ng Iﬁd.;:,,‘ and serape
ing cloth. There, 100, they grow flowers m glass pavilions turned
{0 the south.” Hothousés, which used lapis specularis, a species of
mica, instead ol glass, were used by the Emperor Tiberius: but the
glass hothouse was probably an eotechnic invention. It lengthened
the growing irt-!'ir--l ol Northern Ellmpm ilti.ft’t:ii:eﬂi. 50 10 L&y, Lh'li
climatic range of a region, and utilized solar energy which would
otherwise have been wasted : another clean gain, Even more important
for industry, glass lengthened the span of the working day in eold
or in inclement weather, particularly in the northern regions.

To have light in the dwelling house or the hothouse without being
subject to cold or rain Or SHOW, WS the great contribution to the
regularity of domeslic living and business routine. This substitution
of the window for the wooden Jhutter, or for oiled paper and muslin,
Wwas nol [a1rly ¢ "rr.‘.;hl' te until the end of the E-E‘-'Enl!.‘r!nlh century. that
i« until the processes of glass-making had been improved and cheap-
ened. and the number of furnaces multiplied. Meanwhile, the prod.
net itseld had been nlin]f't'_uuiug a w_‘.h.:ingc lnwul’d l:lfll‘iﬁﬁﬂl'mn aml
purihication. Az early as 1300 pure colorless glass was made in
Murano; a fact that s established [ljr a law itllpf}:&iﬂg a hem'y. pumsh-
menl upon the utilization of t.!l'l!illl’ll‘f‘ g.lii‘."-b for eye B]ﬂm' In hﬂm!
color and ceasing 1o serve as piu_‘lurl:-——lht: function it had ﬂl.tln.l_]!iﬂd'
in medieval church decorstion—and in lefting in, instead, the forms
and colors ol the outside waorld, g,l.-li‘& served also asa E‘TmbOI_ of the
donble Process ol n:ulurnh_i-m E.Hll'l lll'lﬁ-ll'lltl"lml “‘hiﬂl:l had hegtmlﬂ
charncterize the thought of Europe. More than lhatl: it flll‘lhmd. fhil
process, Glass helped put the world in a frame: it made n pmnlﬂb
to see certain elements of reality more clearly: and it focussed attens

- i 1 e — .-.‘--:-ﬂ“ ML-:HL m . 4"‘-"*
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tion on a sharply defined field— - ; =

by the frame, . R 7 T el S boundeg

The medieval symbolism dissolved and the world became

-1_1;1||;."rh different place as soon as one looked at it throuch {l]asm-a
The first change was effected by the use of the convex L n.': in Spf-;;l.;‘
r!r:--: this corrected the flattening of the human lens due to age, and the
delect of l'.il‘sig}ltt.'dl]t'“.' Ninger has suggested that the revival of
lc?.lnlil];: mig}lt mn part be attributed to the number of additional years
of eyesight {or reading that the spectacles gave to human life. Specta.
cles were in wide use by the fifteenth contury, when, with the invention

ol p]ill“ll{f. a great need lor them declared nsellt: and at the end
ol t}l:li ventary ﬂu‘ cConcave ’!II- WS 1-||[|rn.’|t-w|! L0 correct near-
sightedness. Nature had provided lenses in every 'I'-"L--II'Up and in
the gum of every balsam tree: but it remained for the
glussmakers to utilize that fact. Roger Bacon is ofle

for the invention of spectas les: the fact 1s al all

eotechnic
n civen the credit
vents that apart
from guesses and anticipations hus major scientific work was n the
realm of oplics,

I_.nu;__r hefare t]Jr sixteenth centurv, the Arabs 1'1 l_il"--,'OVf’T(f"d the
use of a 1““!'; tube for isolating and concentrating the field of stars
under observation: but it was a Dutch optician, Johunn Lippersheim,
who in 1605 invented the telescope and thus suggested to Galileo
the efhicient means he needed for making astronomical ohservations.
ln 1390 ;‘umt’nrr Hu]Lnuh:l. Lhe f-iriil 1«11l Zachal _1 insen inw-*.ntt*d
the compound microscope:; possibly also the teles pe. Une invention
increased the scope of the macrocosm; the other revealed the mi-
crocosm: between them. the naive conceptions of space that the
ordinary man carried around were completely upset: one might say
that these two inventions, in terms of the new perspeclive, extended
the vanishing point toward infinity and inereased almost infinitely
the plane of the foreground from which those lines had their point
ol origin.

In the middle of the seventeenth century Leeuwenhoek, the method:
icul merchant and experimenter, throngh employving a distingnished
technigue, became the world’s first bacteriologist. He discovered

monsters in llu‘r m-mpmg}. rjf his teeth more m_‘;ah:r T i”lll aw ful I_hilll
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any that had Leen encountered in the search for the Indies. If the
glass did not actua lly add a new dimension o space, it extended ns
area, and it filled that space with new bodies, fixed stars al unimagin-
ably vast distances, microcellular organisms whose existence was
so incredible that, but for the researches of Spallanzani, they re.
mained outgide the sphere ol serious investigation for over a century,
ofter which their existence, their partnership, their enmity, almost
became the source of a new demonology.

Glasses not merely opened people’s eyes but their minds: seeing
was believing. In the more primitive stages of thought the mtuitions
and ratiocinations of authority were sacrosanct, and the person who
insicted on seeing proof ol imagined events was reviled as the famous
disciple had been: he was a doubting Thomas. Now the eye became
the most respected organ. Roger Bacon refuted the superstition that
Jiamonds could not be broken excep! by using goat’s blood by resort-
ing to experiment: he fractured the stones without using blood and
reported: "I have seen this work with my oun eyes."" The use of
elasses 1 the following centuries ]I'lijg_llﬂ.ll'ij the ﬂllt.hﬂl'ﬂju" of the eye.
" The development of glass had another important function, 1f the
new astronomy were inconceivable without it, and if bacteriology
would have been impossible, it is almost as true that chemistry would
have been severely handicapped but for this development. Professor
J. L. Myres, the classic .'.H't']l:u'lﬂngii[. has even Stlggll":'rlﬂl that the
hackwardness of the Greeks in chemistry was due to the lack of good
glass. For glass has unique properties: not merely can it be made
transparent, but it is, for mosl elements and chemical f:un'lpm.m:-fl—*vf
resistanl 1o « hemical rl'mngr: it has the greal advantage of remaimng
neutral 1o the experiment itself; while it permits the observer o see
what 12 going un. in the vessel. Easy 1o clean, easy 1o seal, ensy to
transform in shape, strong enough so that fairly thin globes can
withstand the pressure of the atmosphere when exhausted, EI““}““
a combination of PI‘t'll'H*rliﬂi that no wood or metal or 1.‘.‘1&‘_:’ contamer
can rival. In addition it can be subjected 1o relatively high heats
and—what became important during the nineteenth cenlury—
it is an insulator. The retort, the distilling flask, the test-tube: "h"
barometer. the thermometer, the lenses and the slids of the micro-

n rambinaliaon ol Projpxe
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scope, the electric light, the x-ray tube, the audion—all these fire
}Hl‘.!l'flh‘[':'- ol ;,T,LI:-‘.-: technics, and where would the sciences bhe wi[h”m
them? A methodical analysis of temperature and pressure and (he
'_!ll"r'hil'v’d] constitution of matter all awanted lllr' lii‘.U']'\]ill‘H‘llt of ;;],a-,,‘;
the accomplishments of Boyle, Torricelli, Pascal, Galileo, weye
specifically eotechnic works. Even in medicine glass has 1ts triumph;
the fivst instrument ol ;'lr‘l'!--;ml to be used 1 lh.t;_tll:l'hi-- was the modi-
ﬁ-";![llt!l ul [-;Hlilt'i ) 8 Ilu“!'!ltl'rnlr='1t“.1 ﬂl it danctorius ][IlHHlllq 1-.],

There is one further property of glass that had its first full effect
1n l.hr_‘ "'r"\'t'lltf‘f"!lt]l century, One sees 1t }l-.'{ll.ilﬂ mosl clearly LI the
Imm.".-'. of t]h‘ Duhfh, with their enormous windows, i'.-| It was ill the
Netherlands that the use of glass and its manilold .1]'-1)1-: alions went
farthest. Transparent "_L'L'I.*.- lets 1o the Light: it brings out, with mereci-
lr::.-a .'-inu_"[‘ih, maoéls ||;JJII.'iI|;: il’l T!‘r' wlil'f".:i'sth and Jirl l_u.rkin;_r ill the
corner: for its fullest use, again, the glass itself must be clean, and
no surface can he subject to a greater degree of verifiable cleanliness
than the slick hard surface of glass. So, both by wi

what it 1s and l.y

c¢lean wimndow, the
seoured floor. the shiny utens ils. are characteristic of the eotechnic

Iu_:uqfﬁjm].!f; ;unﬂ] [}]r_' [Ilr'l'l'[illlll :‘.H!j]!]_‘l ol water i!'.:'"lj..'}l i"tl':' iI'ltI'OdIlC-

what it does, glass is favorable to hivgiene: the

tion of canals and pumping works with water pipes for circulation
throughout the city, only made the process easier and more universal.
Sharper eyesight: a sharper interest in the external world: a sharper
response to the clarified image—these characteristics went hand in
hand with the w El]r'.“-[!l‘i':.lti miroduction ol J

6: Glass and the Ego

If the outward world was changed by glase, the inner world was
likewise modified. Glass had a profound effect upon the development
of the personality: indeed, it helped to alter the very concept ol the
self,

In a small way, ]I_];!“‘-c had been used for mirrors by the Homang;
but the background was a dark one, and the image was no more plain
than it had been on the pu]i:—itt'f] melal surface. 1".1.' the sixteenth
century, even before the invention of plae glass that followed a
hundred years later, the mechanical surface of the glass had been

na smill wav, gld=s Jllad e Hewl 1D
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in1[ri“'~""-l LD S h an extent that, I'J'g.' -‘.rmting it with a silver Elllnlgam,
an excellent mirror ¢ ould be created. Technically this was, according

1o Schulz, perhaps the lighest pont in Venetian glnﬁh*m&:king, Large
mirrors, A cordingly, became relatively cheap and the hand-mirror
hecame A4 cominon pOssEsS1I0MN.

{'or !..-|h.-,l,p,~ the first time, except for reflections in the water and
in the dull surfaces of metal mirrors, it was possible to find an image
that corresponded accurately to what others saw. Not merely in the
privacy of the houdoir: in another's home, In a l'll..ll'l“l.‘ gﬂlh!}ﬂng, the
image of the ego in new and unexpected attitudes accompanied one,
The most pows rind In!imr- of the sevemteenth century created a vast
hall of mirrors, and the mirror spread from one room to another in
the bourgeois household. Self-consciousness, introspection, mirror
conversation developed with the new objeet itseli; this preaceupation
with one’s image comes at the threshold of the mature personality
when voung Narcissus gazes long and deep into the face of the pool—
and the sense of the separate personality, a perception of the objective
attributes of one’s identity, grows ot of this communion.

The use of the mirror signalled the beginming of Htrospective
bhiography in the modern style: that is, not as a means of edification
but as a picture of the self, its depths, its mysteries, ils mner dimen-
sions. The self in the mirror corresponds to the physical world that
was brought to light by natural science in the same epoch: it was the
self in abstracte, only part of the real self, the part that one can
divorce from the background of nature and the influential presence
of other men, But there is a value in this mirror personality that
tNOre Naive cultures did not POSELER, I{ the imn[.:e one sees in the
mitrror 12 abstract, it is not ideal or ”"."lhi‘:ﬂl: the more accurate the
physical nstrument, (he more sufficient the light on it, th.ﬁ o
I-,-.‘[-..iiji,.chig- does it show the eflects of age, disease, di"“appo‘ntmﬂ?l'
frustration, slyness, covelousness, Wt‘:{ikm.'ﬁﬁ—'ﬂlﬂﬁt come out qmlﬂ
as clearly as rh".‘tlth and jujf and confidence. Indeed, when one 1s
completely whole and at one with the world one does tlut. ntz#'il_ 3:;
mirror: it is in the period of psychic disinlngrutiﬂp lhu.t the md'““d
personality turns 1o the lonely image lo see what " fact 15 thm
and what he can hold on to; and it was in the period of cultural
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disintegration that men began to hold the mirror up to outer natyre
Who 15 the greatest of the introspective biographers? Where ,],},H;
one find him? It is none other than Rembrandt, and it is no ;h-,-i,]’_.nt
that he was a Hollander. Rembrandt had a robust interest In the
doctors and !rnrgln*n about him: as a young man he was still enough
of & guildsman and still had enough of the corporate personality to
make a pass at painting those collective portruils which the members
of the Nightwatch or the College of Physicians might commission——
although already he was playing tricks with their conventions. Byt
he came to the eore of his art in the series of self-portraits he painted:
for it was partly from the face he found in the mirror, from the
knowledge of hims=elf he (]m'ﬁ]-.-[wd and expressed in this communion,
that he achieved the lnr'»lf_iht he ;i]i|lil'f'd to other men, A little later
than Rembrandt, the Venice of the Alps, Annecy, harbored another
portrait painter and introspectionist, Jean Jacques Kousseau who,
more than Montaigne, was the father of the modern literary biog.
vaphy and the psychological novel.

']:Iw P);]'IIillilljliIl III‘ li!r .;f.rllt..u},' riujsul, the abstract ;1-:1£.[|1|:llity,
lingered on in the work of the poets and painters even after the
eotechnie m_}{n!ﬂrﬂ,{ had broken up and the artists who had once dom—
inated it were driven, by a more hostile world that was indifferent
to visual ilrl.;i;;:t*n and J.nll}r:lthc'[lt' 1o the 1+;r1'<ft!"r'-'--~ of the individual
soul—were driven to the point of complete frush ition and madness.
Enough here to remark that the isolation of the world from the self
—the method of the physical sciences—and the isolation of the
self from the world—the method of introspective biography and
r-III‘I{llllil" pnf-!lr}f—-u-’l'n‘ l"'l'ltl]pll‘ﬂll".'l'lldl‘p II]I.!.?".’** al a ~=|rh:]" pI‘Ot‘t‘ﬁF.
Much was leamnt through that dissociation: for in the act of disin-
tegrating the wholeness of human experience, the various atomie
fragments that compaosed it were more clearly seen and more readily
grasped. If the process itself was ultimately mad, the method that
was derived from it was valuable.

The world as conceived and observed by science, the world as
revedled [1}' the puinlﬁ-r. were both worlds that were seen Ihrnllgh
and with the aid of glasses; spectacles, microscopes, telescopes,
mirrors, windows. What was the new easel picture, in fact, but a

B amgE g llil 'Q-:I'l-'l"lfl I"l----l.-- :* PR -
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anovable window opening upon an imaginary world? That acute

(elentific mind, Descartes, an describing the book on natural history

that L failed to write, mentions how he wished i‘lllla“"c, 1o deseribe

“how from these ashes, by the mere intensity of its [ heat’s] aotion,

1t formed plass: (or a= this transmutation of ashes into glass ap-
pt'”"d to me as wonderful as any other in pature, 1 took o special
pleasure in describing " Une can well understahd his delight,
Class was in fact the peep-hole through which one beheld a new
world. Through slacs some of the mysteries of nature themselves
became transparent [s 1t any wonder then that ]'JI_"rhfl]_F- the most
comprt hensive ﬁ.i“]“-.in!llj-'l of the seventeenth century, at home alike
in ethies and polities and science and religion, was Benedict Spinoza:
not merely Hollander, but a polisher of lenses.

7: T]n Frimaris Invem'nns

Between 1000 and 1750 in Western Europe the new technics
foste'!v-] anidl .:ai.aill-*! a =eries of fundamental inventions and dis-
CU‘(L‘Ti"‘"- 1Ir”.._ wWere th(- foundation of the I‘.‘i]ﬂt.] .ll.hi-.ilh!r: ‘.h:li if.ll-
lowed. And the speed ol the ultimate movement, like the rapidity
of an army's attack, was in proportion 1o the ”“-"""‘gh"""*‘ 'Eﬂ the
p‘!‘f‘;]';'l'lilli"r'-, Once the breach had been made in the line, 1t ‘:"I-'ﬂi
eusy for the resl of the army to follow through: but until that first
act had been accomplished the army, however strong and eager and
clamorous, could not move an inch. The primary invﬁnhu'm hrought
nio lu-.'nul‘_ -ni.-!r-'.i:i]ﬂ_-' that h:ui_ nol r_‘\,iwtt*t': lu-Ean: H'l!_'l"hum(‘ﬂl rln.'u:k::‘u
the telescope, cheap paper, print, the l,u-iumllg.-prggq, the magnetic
compass, the scientilio method, inventions which :WFT'-’ lllﬂi means Tﬂ
fresh imventions knowledge that was the center of '-’-'"F'lndmg knowl-
edge. Some ol Lhese necessary Ventions, like the luthe and the 'luflm!
ur.n_' far older than the eotechnic pl_‘l‘il_'ltl: others, like the IIIE'II'.l"Iﬂl'ﬂcal
clock., wets born with the renewod i“”“’hf toward reglllﬂl'll}' and
rerimentation, Only alter these steps had been taken could the 5?:;;
.:-.n.ldtux' inventions Hourish: the rngulmiun of the mm'm.teﬂt. wh[:l
made the clock more aceurate, the invention of the flying gh“hi:l;
which made the work of weaving swifter, the rolary press, WIS

mereased the output ot prinh:d maller.

¥ SVl M Tim =f the mnvement, WHIEY
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Now an important point must be noted: the inventions of the
1?t’l|’t‘l'!l!lil' Ill].‘ﬁt’ wernre l'lHl}' .ili i | IIlillHl‘ u.li';:ﬂ'i' t}ll' n[il‘r'{fl l—'l'“"lllCt il[
erafl skill and knowledge, proceeding out of the regular routine of
industry. The tendency of organization by crafts, regulated in the
interests of standardized and efficient work, guaranteed by loeal
monopolies, was on the whole conservative, although in the building
eralts, between the tenth and the fftecnth ecenturies, there were
IHH]HHI:IM”'{.' many nl.‘ll'irlg innovators. In the heginning, it was knowl-
F‘Ll‘f_',r", “l\lll, I'T\C!ll"l'jr’lh'*', thi_'lt ]'I:'I |_‘1 ,i:u'r.:u Ihl.' '-ul!ji‘:. L5 -1[ '.‘.'lli]t] I]Iirlltll,l[ll}',
With the growth of capitalism came the bestowing of special monop-
l’llft%ﬂ, first to the chartered rnli]‘[lanir.ﬂ. and then to the owners of
special patents granted for specific original inventions. This was pro-
posed by Bacon in 1601 and happened first in kugland in 1621, From
this time on it was not the past heritage that was effectively monopo-

lized but the new rfr';u:rture from L.

A special inducement was oflered to those whose mechanical in-
genuity supplanted the social and economu regulations of the guilds.

In this situation, it was natural that invention should occupy the
attention of those outside the industrial system weell—the Hliiil.nl}*
engineer, and even the amateur in every walk of lile. Invention
was a4 means of escaping one’s class o1 achieving private riches within
it: if the absolute monarch could say “IEtat, ¢’est moi,” the suc-
l'.E.-?ri.fI_l] mventor r‘.lllIId i r'!{t"'f BV . H.- Gl that s me.’ Whlle
the detailed ]‘u_'rlt_w‘tilm of inventions was, more often than not, the
u‘rul-’., nf :-..l-,i”-*rl "'i.\.'fll]-_!_'["‘- j[J Lhi tricle, the rfr.'i ive idea was fre-
qu{-rlll}' the work of amateurs. Mechanical inventions broke the caste-
lines of I'I'!([Ilil!'}'. even as Hw:-.' were later to threaten the caste-lines
of sr-t'iefI}' itself.

But the most important invention of all had no direct industrial
connection whatever: namely, the invention of the experimental
method in science. This was without doulit the greatest achievement
of the eotechnic phase: its full effect upon technies did not begin to
be felt until the middle of the nineteenth century. The experimental
method, as I have alveady pointed out, owed a great debit to the
transformation of technics: for the relative impersonality of the new

instruments and machines, particularly the automatas, must have

e Telt until the mudadle ol the nineteenth centory. 1 he exnperime
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]".h"..l to build up the belief in an Hl']u;-j,l]:f impersonal world of
iru‘*]U" ihle and hrule fm;t-:-‘ operalmg as ]Illil"‘l'lt’lhtt‘-llll}' ne I_'lnt:kwurk
and removed from the wishes of the observer: the rearganization ol
r"-:[l!‘fi"”"“" in terms ol mechanicn! -'dn*-_ﬁlit}' and the d"-"-"l"-ll'!pmi'.nt
of cooperalive, controlled, l'r.'jﬂ-‘-”ill'l*'- verifiable experiments, utiliz-
ing just uch segments of nrnl_:ly as lent themselves 10 this method—

this was d ‘,_-,‘.-_T.r;r;!,n..r' labor-saving device. 1t cut a shont hlriiighl [}ulh

through jungles of confused empiricism and laid down a rough cor-

duroy road over swamps of superstitions and wishiul 'lhin’l-:hg; 1o

have found such a swilt means of intellectual locomation was per-

Jiaps sufficient excuse al the heginning for indifference 10 the SCENery
I_md {or contempl Loy e-u-nlhihg 'l]ml tih‘l ot {..-p._-t-d the jt.mrl’tl:"_f.
None of the mventions that followed the development of the scien-
tific method were so important in remolding the thouglht and artivity
of mankind as those that made experimental science possible. Even-
rually the scientific method was 1o repay its debt to technics & hun-
dredfold: two centuries later, as we shall see, it was o suggest new
combinations ol means and turn o the realm ol ]ﬁt'l:ﬁlllilil.}’ the
wildest dreams and the most irresponsible wishes of the race.

For out of the hitherto almost impenetrable chaos ol existence
there emerged finally, by the seventeenth century, an orderly world:
the {actual, impersonal arder of science, articulated in every part
where under the dominion of "ll.l!lll'all l:tw_" {Jl'ljl':r., even

and ever
a basis for human dvﬁlguﬁ, once trested

when 1t was .x'li'irlf'il s
on a pure acl ol [ iith: -_m]‘_,' ﬂ'lf‘ SLArs Lllhl the ]!-l;llwl-a l]]ﬂlli[l:ﬁlt‘.'{i it
L ﬂ:r: naked inls ligence. Now order was :-lll'l[it'il'lt*d 1}}' i nwlhud.
Nature ceased 1o he inscrutable, :riilljm'l 1o demonic moursions from
another world: the very essence of Nature, as freshly conceived by
the new scienlisls, was .!lhl[ 1t REUEnces were ﬂrdurl}‘ anil then:l'nn:
pit'-i'n*l.al.-]* . even the [’-.1-.1]1 of a comel could be L‘}'mﬂ(’d |]|_ruugh the
sky. It was on the model of this t.*lh'!'rlill 11!11,".-‘-il.:ul order that men
I-r".u'm svstematically to reorganize their minds and their prmﬂiml
activities: this carried further, and into every department, the pre
d by bourgeois finance.
If was fulfilled and

1‘:|r.']l|_H ,|I‘1-.i:l !}I-t' "r]'.H",-h'r'r'- rmpirirull}' h'l‘lf'l'lf
Like Emerson. men felt that the universe ise

jIJ:ﬂliﬁwl. when bllillw came and went with the rrgulllril? of hﬂ‘"nh
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hodies, And they were right: there was something cosmic about .
To have made 50 much order visible wus no little triumph.

In mechanical mvention proper, the chiel eolechnic innovation wae
of course the mechanical clock, By the end of the eotechnic pha&p;
the domestic clock had become a common part ol the ]Il':]]_:-.,uhold
eiquipment, except among the poorer industrial workers and the
peasants; and the watch was one of the chief articles of ornament
carried by the well-to-do. The application of the pendulum 1o the
clock, by Calileo and Huyghens, increased the accuracy of the instry.
ment for common use.

But the indirect influence of clock-making was also important: as
the first real instrument of precizion, it set the pallern in accuracy
and finish f{or all further instruments. all the more because it was
'J'f-?{-_'lllated l)_V the ultimate lrn’,rihfnn ot the planetary movements
themselves. In solving the problems of transmitting and regulating
motion, the makers of clockwork helped the general development of
fine mechanisms. To quote Usher once more: “The primary develop-

ment of the fundamental principles of applied mechanics was . ,
largely based upon the problems of the clock.” Clockmakers, along
with blacksmiths and locksmiths, were among the first machinists:
Nicholas Forq, the Frenchman who invented the planer in 1751, was
a clockmaker: Arkwright, in 1768, had the help ot a Warrington
elockmaker; it was Huntsman, another clockmaker, desirous of a
maore ﬂm—‘lh' IF m}n‘_’l'f‘il --’u_"!:r] J'l_ll' f]lr- '1'-.'1I]'I'I_‘|'J:'_'.'. |- m‘-r'T]th the
]ll"l‘H‘F-“r:. llf |]r4u|i[4‘i|'ig_: i'I!h'iilll' -ll"i"]: |}I-"4'_ gre t"[!}' n oiew Of the
more outstanding names. In sum, the clock was the most influential
l.'II. IHJ!t']liHF‘-‘-. lHr'i.'iHil]'it‘.‘{H}* A8 Wi H A5 B i;':”-.'. .'-]Iu] |-'1.‘ TI'H" rnir]r”f_'
of the eighteenth century it had become the most perfect: indeed,
its inception and its perfection pretty well delimit the eotechnic
phase, To this day, it is the pattern of fine automatism.

Second to the clock in order if not perhaps in importance was the
printing press. Iis development was admirably summed up by
Carter, who did o much to clarify the historie facts. “Of all the
world’s great inventions that of printing is the most cosmapolitan and
international. China mvented paper and first experimented with
block printing and moveable type. Japan produced the earliest block

| i, 11-—1111 el o '.3111:.411 ¥ rbl"ll;r'l' ] FYsT I;q'llll;l" I'Ir‘l'--, - | b | e
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prin!3 that are now extant. l‘i'.c.n'm hirst printed with type of metal,
cast from 8 mould. India furnished the langnage and religion of the
agrliest block prinl-u Pt..,],]-ﬂ of Turkiuh' [:f(.‘e were among the most
important age nte In "';”T“”F.' ul.nlmk printing m;ruiaq Asia, and the
earliest extant type are in a Turkish tongue. Persia and Egypt are
he two lands of the Near East where block printing is known 1o have
been done Lhefore it began in ]_Zur"f”" Th? Arabs were the agents
o pre.p:lll'd the way by carrying the making of paper from China

to kEurope. - < Florence and Italy were the first countries in Chris-
tend“?“ L0 manulacture paper. ,’\m .[Illf' hlm:k prinlingﬁ uud its ulhrﬂ"t
il]to jﬂ_lll""iﬂ' 1:=!__._p‘_: |l.|‘lIII 10 l],d‘.l_‘ lll_“'l_:il tlqu \*.']‘Iilnl'lt!] rests nn [hf‘

oldest authority, though Italy’s elaim is equally strong. Germany,
Ttaly, and the Netherlands were the earliest centers of the Lilodk
pl'ilﬂih;ﬁ art. Holland and France, as w ll‘.”. as Germany, claim to have
experimented W ith type. Germany perfected the invention, and from
Germany it spread 1o all the world.”

The prin[ INE Press and moy able type were I]PI'[E::’.'I.{'d 1!}' Cuh*nh_erg
and his assistants at Mainz in the {ourteen-{orties. An astronomical
calendar done in 1447 1s ‘he earliest datable example of Gutenberg's
printing; bul nerhaps an inferior mode of priming may have been
practiced e lier by Coster in Haarlem. The dm"i:a_n.-f: improvement
came with the invention of a hand-mold to cast uniform metal t}:pﬂ&.

Printing was from the beginning a completely mechanical achieve-
meit. T\ui- merelv that: it was the type for all l'l.llure.. i.ualmme.nla of
reproduction: for the printed sheet, even belore the military um_{rarm.
was the first completely standardized product, manufactured in se
ies. and the movable types themselves were the ﬁrﬂsl example ol
completely stand rdized and interchangeable parts. Truly a revolu-
tionary mvention in every dt-puri_rm:-nl, '

By the end of fifty years there were over a ﬂmusand. public
p:in;ing presses in Germany alone, 1o say nothing 1'1{ those in muj;i
asteries and castles; and the art had ﬁpreud I‘ledl}'. dﬁﬁl}'ﬂﬁ 4
allempts at secrecy and monopely, to Venice, Flf‘l'ﬂ:ﬂﬂc. Paris, LU:"
don, Lyons, Leipzig, and Frankfort-am-Main. thle thern was stro g-
competition from the well-established hand-copyists Il'n_: art wﬂr.!- eu
l.'uur.ugr_u] by emancipation from taxes and guild regulations. Printing

altemnte al espcracy and Monopoly, WU ' ' - Ao
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lent itself to large-scale production: at the end ol the fifteenth eeq,
tury there was in Niirnberg a large printing business with twenty.
four Presses and a hundred emp]UYt'r_'--—lja'pr'hl'l‘lul"-. pl'inturh‘_ "f}‘r-
rectors, binders.

Compa red with oral communication any sort of w riting is o great
labor ﬁﬂ\'ing device. since it frees communication from the Féstries
tions of time and space and makes discourse wait on the convenience
of the reader—who can interrupt the flow of thought or repeat i
or cuncentrate upon isolated parts of it. lhe printed page increased
the safety and permanence of the written record by manifolding it,
extended the range of communication, and econemized on time and
effort. So print speedily became the new medium of intercourse:
abstracted from gesture and physical presence, the printed word
furthered that process of analysis and isolation which became the
leading achievement of eotechnic thought and which tempted Auguste
Comte to dub the whale epoch “metaphysical.” By the end of the
seventeenth century time-keeping had merged with record-keeping
in the art of communication: the news-letter, the market report, the
newspaper, the periodical followed.

More than any other device, the printed book released people
from the domination of the immediate and the local. Doing so, it
coptributed further to the dissociation of medieval society: print
made a greateér impression than actual events, and by centering atten-
tion on the printed word, people lost that balance between the sen-
suous and the intellectual, between image and sound, between the
concrete and the abstract, which was to be achieved momentarily by
the best minds of the fifteenth century—Michelangeln, Leonardo,
Alberti—hefore it passed out, and was replaced by printed letters
alone. To exist was 1o exist in print: the rest of the world tended
gradually to become more shadowy. Learning became hook-learning
and the authority of books was more widely diffused by printing, so
that if lmnwl'cdga had an nmpler province so, loo, did error. The
divorce between print and firsthand experience was =o extreme that
one of the firt great modern educators, John Amos Komensky,
adyocated the picture book for children as a means of restoring the
balance and providing the necessary visuul associations.

1 the authoritv ol books was more wiidely dittneed hy nrintine. so
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But the printing press by itself did not perform the revolution:
paper played a scarcely less important pan: for its uses went for
ln'}’“”'] the p1 inted page: The application of power-driven nmuhinﬁf}’
to pape! ]nm]llrtitrn was ane ol the important l]'i"‘-“-‘-ll"-imm‘nl:, of this
economy. lapel removed the necessity for face to face contact: '
debis, deeds. contracts, news, were all committed to paper, so that,
while feudal H“.-Lr-l‘}' existed h}' virtue of cusloms that were rignmusljr
m;!illiillﬂ*"l irom _:,H-llf*T';lti(m O ;;tfllr"l':tlit.ﬂ‘l, llu' last tlenmnls ol feudal
society were abolished in England by the simple device of asking |
peasarls who had always had a customary share in the common 1
lande for some docnmentary proof that they had ever owned it l
CU.*-'!'.'m mld maemory now ]Jlﬂ}.‘l"il second ﬂl']tlll.‘- Lo tllﬂ wrilten wunl-: |
reality meant “established on paper.” Was it written in the bond? l
1{ -_»n,l it must be fulfilled. 1f not, it could be flouted. Capitalism, by
committing its transactions to paper, could at last make and preserve
g strict accountancy of time and money; and the new education for
the merchant claszses and their helpers comsisted essentially in a
mastery of the three R's, A paper world came into existence, and
puttin;_x; a thing on paper became the first stage in thought and action:

=

unfortunately also often the last,
Az a space-gaver, a Lime-saver, a labor-saver—anid so Ult‘lmalﬂi?

a life-saver—paper had a unique part to play in the development of
industrialism. Through the hahit of using print and paper thnuglu
last some of its flowing, four-dimensional, organic character, and
hecame abstract, i".!l.i‘f..:“lil‘ﬂl, i~li'rt:ﬂl}'ped_. content with purn]y verhal
formulations and verbal solutions 1o prnl:lcms that had never been
presented or faced in their concrete inter-relationships. e,
The primary mechanical inventions of the clock and the printing
press were accompanied by social inventions that were almost equlﬂ,
important: the university, beginning with Bologna in 1100, Plthlﬁ
1150, Cambridge in 1229 and Salamanea in 1243: a mﬁ“
organization of knowledge on an international basis. 'ﬂlﬂlﬂm'
school, from Salerno and Mﬂl‘llpcnic! nnwatﬂ‘ was MM* :
first teclinical school in the modern sense; but the ph)'lldlm
in the natural sciences at these schools and schooled bf ’“ﬂjﬂ; o

the observation of nature, were among llw-pmm&nf-in eyery depaii-
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ment of technics and science: Paracelsus, Ambroise Paré, Cardan,
Gilbert the author of De Magnete, Harvey, Erasmus Darwin, down
o0 Thomas Young and Robert von Mayer were all physicians, In
the sixteenth century two further social inventions were added: the
scientific academy, first founded in the Accademia Secretorum
Naturae in Naples in 1560, and the industriat exhibition, the firs,
af which was held at the Rathaus in Niumberg in 1569, the second
in Paris in 1683.

By means of the university, the scientific academy and the indus-
trial exhibition the exact arts and sciences were systematically ex-
]}]ﬂ!’f’fd, the new achievements were cooper;uiv--h t'?qiluii-'.'-:l, and the
new lines of investigation were given a common hasis, Une further
important institution must be added: the laboratory. Here a new type
of environment was created, combining the resources of the eell,
the study, the library, and the workshop. Discovery and invention,
like every other form of activity, consists in the interaction of an
organism with its environment. New functions demand new environ-
ments. which tend to stimulate, concentrale, and perpetuate the
S.pf.'{‘iul .ﬂirti\'ity. B)‘ the seventeenth century these new environments
had been created.

More direct in its effect npon technics was the creation of the
factory. Down to the nineteenth century f{actories were always called
mills. for what we call the factery grew oul ol the application of
waler-power to il]dllﬂ.lil‘t] Processes and it was the exislence Of a
central building, divorced from the home and the craftsman’s shop,
in which large bodies of men could be gathered to perform the
various necessary industrial eperations with the benefit of large-
scale co-operation that differentiated the factory in the modern sense
from the largest of workshops. In this eritical development the
Italians again led the way, as they did in canal-building and fortifi-
eation; but by the eighteenth century factories had reached the stage
of large-scale operation in Sweden, in the manufacture of hardware,
and this was true of Bolton's later works in Birmingham.

The factory simplified the collection of raw materials and the
distribution of the finiched product: it also facilitated the speciali-
zation of skill and the division of the processes of production: finally,

LT TS TS LFJ' UL Ul Cuarinial AR
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hy prO\'iLli”ﬂ a common lnr-ﬁlillg 1}1.11:'!: for l]u: w:_lrkerﬁ i pitrllj,' OvVeY-
came the isolation and helplessness that afflicted the handicraft
worker after the structure of the town guﬂl'l:.-'t had become l‘lilﬂphlul'edt
The factory had finally a double rile: it was an agent of mechanical
l-pghmfﬂtations ]IL* the new army, and 1t was an E:u'lmph' t:rf Emming
ocial order, appropriate 1o the new processes in industry. Tn either
li{-'-ht- 1t wis a s lylliiii'.‘-lnf invention. Un one h;l[ill it gZuve a new motive
for .-:lpilu.lhlh investiment in the form of the juiﬂl stock company
Ol“:].mﬂd {for I.rn[ﬂ and it furmished the lil]illg classes with a }mwurfu[
weapon: on the other, it served as a center for a new kind of social
integration and made l_ll‘ﬁ*il.llt‘ an ethcient eoordination of produc-
tion which would be valuable under any social order,

The unizon and 1'HIIIII'|'JtiUﬂ ]'II"H.llI'I.'.I'_‘li I.I':.‘ these various metitu-
tions. {rom the university to the factory, vastly increased the amount
of effective energy in society: for energy is not merely a question
of bare phy .1cal resources but of their harmonious soeial dp[ﬂicw
tion. Habits of noliteness, such as the Chinese have cultivated, may
be quite as important in increasing elheiency, even measured in crude
terms of footpounds of work performed, as economic methods of
utilizing fuel: in society. as in the individual machine, failures in
lubrication and transmission may he dizastrous, It was important,
for the further exploitation of the machine, that a social organization,
appropriate 10 the technology itself, should have been inwnl‘ed.
That the nineteenth century disclosed serious flaws in that organiza-
tion—as it did in ils financial twin, the joint stock l'ﬂmP““)T'_d"e*
not lessen the importance of the original mnyention.,

The clock and the printing press and the Llast furnace were the
siant inventions of the eotechnie phase, mmpar{lhlﬁ to the Et.“tn
.I'HI.fiH'G' in the L riod that [ulhrwvd. ar the .1:,-11;11110 H"d tllﬂ I:Hdlu o
1lul- neotechnie phase. But they were syrrounded by a multitude of
inventions, too ‘-i;.:n'tlhant 1o he called minor, even when they fell
short 1n periormance of the inventor & !.’H"ﬂ*'-mt_iﬁ“s' ¢ rther

,-\ jﬂ.nmi I;fll'l ol lllr".'il‘. inventions came lo b]‘l‘lll'—:ﬂr. weee ‘,". &
nourished—in the fecund mind of Leonarde da Vinci, Standing .

ed up the technology of the
ded him and released new

the middle of this era, Leonardo summ
artisans and military engineers who prece
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f"”'"ff‘ of scientific insight and inventive ingenuity: to catalog his
inventions and discoveries i= almost to outline the structure of modern
technics. He was not alone in his own time: a military engineer
himself. he utilized to the full the common stock ol knowledge that
wis the property of his prnf--haion: nor was he altogether without
influence upon the period that followed. for it 1s probable that his
Mmianuscl il'lﬁ wWere r"+|\‘—|1“1'li .Hl("l !!Iili.}’.td by l”"'q‘l" who did not i")t}lt.‘l'
p.ll'fitltl.’ll‘[‘. {0 j'r'l‘nr'tl t}]t'il‘ nirll;:’;lli,{m-. But n his own person,
Leonardo :'I':Iinl)di('d I.}lr‘ forces ol the I“i““l thal was 1o lollow.
He made the first scientific abservations ol the Aight of birds, de-
signed and built a flving machine, and designed the first parachute:
t}ir" ('H!HiLIl'_'.-f l}[ ~l,r:i<'t' l'rl'e()!'i'llplt'!] hllll even H;mn:_-_!- he wis 1o more
successful than his obscure contemporary, L B. Danti. Utilitarian

Ih"‘.ii,‘f'fu l._'].lillll"f'] hi'-a illlt'!|'=-l: llr‘ i:!x:"llit"i IH— winding mie 1'-!-'“'!". .u_nd

llH* 1!1.HI!'1 t‘.].lH‘L1 he ilt’-i;ili*'-’l a powel loom which was close o sue-
cess: he invented the wheelbarrow and the lamp chimney and the
P[]ili.h ]nlu_, Unee |]|‘ !JIIT I’u’hrl'-" ”u' j*:ilr.n n!- ,"".!ll.::' I projecs L O3] 1?;=-
IMass productiou of .-I.'1lul;ll'nii.'4'r] '-'l-‘--‘TL"i-- dwellings. Lven the motive
ﬂf amusement was ol '-i]!!-"IIT. he ||-'f'-':i'*'1i water shoes. As a me-
chanic he was incomparable: the antilrichion roller bearing, the
universal joint, rope and belt drives. link chains, bevel and spiral
FEenrs, the continuous molion lathe all these wer the work ol his
pmwrful analvtic mind, Indeed, his positive genius ns technician

{ar outdoes his cold periection as painter.

Even on the baser side of industrial exploitation Leonardo {ore
shadoawed the forces that were to come, He was preoccupied not
mert-ly h'il]l the (lt‘.hin'_- for fume but 1o +||J1.']._ fLane ial suceess:
“Eatly tomorrow, Jan. 2, 1496.”" he records in one of his notes,
1 shall make the leather belt and proceed to trial. One hun-
dred times in each hour 400 needles will be finished, making 40,000
i an hour and 480.000 in 12 hours. Suppose we say {000 thousands
which at 5 solidi per thousand gives 20.000 solidi: 1000 lira per
working day, and if one works 20 days in the month 60,000 ducats
the year.” These wild dreams of freedom and power through a suc-
cessful invention were to lure more than one daring mind, even
though the outcome were often to fail of realization as completely

A ' -
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as L601'1:|r-.-_l:f_'-. Add to this Leonardo’s contributions to warfare: the
sfeam Cannot, the organ gun, the submarine, and various detuiled

il‘l‘l[)u.-.'-_'m"hl‘ gpon the common devices of his time: inventions tha

].‘_i”.'_._l.“{f'{‘, an interest which, so far from df"i“i-'n out with the growth
of industrialism, were rather substantiated and fortified by that
’__:m'll\\i'lh- Fven in Ll ]-,I,';H'L‘ iz—-l]i' n[ Lt_*nim[‘;lu_.'_u, li{‘:“—'—”'lt_‘? pr'l“:.lhll‘lll

wariare hetween the engineer and the artist—he hpi[‘t.;u] most of the

|'1|[]ll,|'i1‘ 11Ons :Il.:i|r': et 1n l’l]lr New t-i\"-lli:.i_'.'ti”“‘ ny lt 'l'i-\'{flf‘!rﬂ'li h'l'».’l.ﬂl’[l

the | austlike exploil ion of the privale ego and its satisfaction by

means of hnancy | and military and industrial power.

But Leonardo was not alone: both in his inventions and his antici:

[hlliU”‘ I':||' wils x‘.!r'|I||lI|‘1"'i.] l""'- s }1_-1”1"1i]|§_: Ellllll'_\-— t!{ h"i‘_]]”i.'i.‘]“u ””ll

ill'\."r'll-t'-"'- tli 1530 l]ll' st illl‘-lili_*,_ 1“3“ Wwis in‘.'t‘n[{'d b\,' l‘.n”]_ﬂ-_-.._;,.-u

del Marchi: 1n 1420 Joannes Fontana described a WAr-wagon or

tank: and in 1518 the fire-engine 18 mentioned in the Augsburg

1
Chronicles. In 1oal Palladio designed the first known suspension

bridge in Western Furope while Leonardo, before him, had designed

the drawbridge. In 10133 tile making machine was invented; mn

1680 the first powes dredee was invented, and before the end of this

century a French wilitary man, De Gennes, had invented a power

Ijz...;i..-: Frent hman, llu- phy-ir-ian. l'{lpiu, h._ld in‘h‘t*nhr!l

loom, while
| the steamboat. [For a fuller sense of the in-

th{- -.].-\:_[rﬁ r‘il:i 1 aiil

ventive richness of the sotechnie period, from the fifteenth to the
,-iphp-m:!}u remturies. consult the List of Inventions. |

These are but samples irom the great storchouse of eotechriic
vention: seeds which came 10 life or lay dormant in dry soil or

1:||-1-.f~ crevices wind ani \w.a.lhrr ;nui chance l]il‘l..-.lll‘d. Nost uf

these inventions have been atts buted to a later period, partly because
thev came to Iruthon then. p;nth‘ bhecause the first Iliblill'i.lﬂh of the
ronscious of the vast strides that had

”‘H""I'IH!HL :'ll I '1'4-]i-'|'~'.|,1-}|_ '1”'1_;
ant of the preparation

Iu‘:*n ﬂ1.l-_]| m thelr own f_l'lll"l.'il_li.lﬂ, WErc iﬁllilt'
lay behind them, and were inclined at all

riurl. Mut'mwr. ﬂlt‘)’ were ﬂ[lf'.'ﬂ
| books and artifacts it would

alui iiu'hn"\-'n'uul IL] il

events Lo helittle the prepa ratory pe
nat familiar with the manuscripts @ :
that England has somelmes

have set them right. Thus it happens _
been taken as the original home of inventions that had come mio
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existence much earlier in Italy. So, too, the nineteenth century pinned
on its own brows Jaurels that often enough belonged to the sixteent)y
and the seventeenth.

Since invention is almost never the sole work of a single inventor,
however great a genius he mav be, and since it is the product of the
successive labors of innumerable men, working at various times and
often toward various purposes, it is merely a figure of speech to
attribute an invention to a single person: this is a convenlent {alse-
hood fostered by a spurious sense ol patriotism and by the device

of patent monopolies—a device that enables one man to claim special
financial rewards for Leing the last link in the complicated social
Drocess t]lat pI‘OdUCE_‘d the mvention. Any l'u“}, -L‘&‘rlt.![:n.'il mnrhine
is a composite collective product: the present weaving machinery,
according to Hobson, is a compound of about 800 inventions, while
the present carding machinerv 1s a compound ol about 60 patents,
This holds true for countries and generations as well: the joint stock
U.[ !iﬂtm‘]['l]gﬁ anul tf'l'lll’liﬂ_‘ﬂl Sl-Lli] t]'ﬂ!l'-;n‘!llh Ilu' 1|nn|l|_f.'|1'ii’:-' of indi-
t’iflll;l] 01 1'1;11inn;|] eEas. ;:llhi L0 fli:;jf‘! Il-.ll 1act 15 nol ]Hi*"l’{*l}' {o
ElllllI‘Ol]l" -iul}l"l':-ilitil_nu hllt to IIHd-{'l'III'II‘-i':' tli" r‘.“r'*liifl.l ll!;;!‘ll""l:-il'}' baSiS
of teclinology itself.

In calling attention to the scope and efhicacy of eoiechnic inven-
tiecns one does not seek to belittle their debt to the past and to
remoter regions—one merely wishes to show how much water had
in umiﬁr IIH_’ lml‘iij_;:f' lu'fn'nl'ﬁ Ilr.'lllriil" ||.-n_] l'n.*t'"ililt‘ [.it.'fii‘l'.'-lny aware
that & bridge had been built.

8: Weakness and Strength

The capital weakness of the eotechnic régime was not in the in-
efficiency of its power, still less in a lack of it; but in its irregularity.
The dependence upon strong steady winds and upon the regular
flow of water limited the spread and aniversalization of this economy,
for there were districts in Europe that never fully benefited by it,
and its dependence in both glass-making and metallurgy upon wood
had, by the end of the eighteenth century, brought its powers lo &
low ebb. The forests of Russia and America might have delayed its
collapse, as indeed they prolonged its reign within their own regions:

Heow ool water limited the SPrEa dng Uiversaliaaiiupg U o ivuoneins= gy
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but they could not avert the steady dissipation of s fuel supply.

Had the :;.pj.ﬂ)lehEtfl (:f the s‘.wenwenth century developed more rap-

idly into Fourncyrons cfheient water-turbine, water might have re.

mained the backbone of .thv power system umtil electricity hud

developed sufficiently to give it a wider area of use. But before this

development could. take place, the steam pumping engine had been

invented. This engine was first used outside the mine, it is interesting
to note, to raise waler whose fall turned the conventional eotechnic
watt‘fl“Wh*"“l in hardware factories. As :-i)iiit_‘l.'y became more closely
co-ordinated on a basis of time, the interruption in s ﬁarlwl]ulc;
through the irregularity of wind and water was a further defect:
the wind-mill was finally defeated in Holland because it could not
conform easily to labor regulations, And as distances increased and
contracts in business emphasized the time-element, a more regular
means of power became a financial necessity: delays and stoppages
were coslly.

But there were social weaknesses within the eotechnic régime that
were equally grave, First of all., the new industries were outside
the institutional controls of the old order. Glass-making, for example,
by reason ol the fact that it was always located in forested arveas,
tended to escape the restrictions of the town guilds: from the first it
had a semi-capitalistic basis. Mining and iron-working, likewise, were
almost from the beginning under a capitalistic system of production:
even when mines were not worked by means of forced or servile
labor, they were outside the control of the municipalities, Printing,
again, wis not !t'l]l]jl".['l {o gl.lild regulatinn:-: &nd even the texiﬂn
industries escaped to the country: the factor who gave his name to
the factory was a trader who farmed out the raw materials, and
gometimes the NECessary machines of pruduﬂiun. and who boughl up
the product, The new industries, as Mantoux points oul, tended to
escape the manufacturing regulations of the guilds and even of the
State itself—such as the English Statute of Apprentices of 1563:
they grew wp without social control, In other words, mechanical im-
provements flourished at the expense of the human improveme
that had been strenuously introduced by the crait guilds: and the
latter, in turn, were steadily losing force by reason of the growth
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of capitalistic monopolies which produced a steadily widening gap
hetween masters and men. The machine had an anti-social bias: it
tended by reason of 1ts “progressive’’ character to the more naked
forms of human exploitation.

Both the strength and the weakness of the eotechnic régime can
in fact be witnessed in the technical development and the social
dissolution and decay that took place in the textile industries, which
were the backbone of the old economy.

Along with mining, the textile industries recorded the greatest

number of improvements. While spinning with the distafl was carried

on far into the seventeenth century, the spinning wheel had made
its way into Europe from India by 1298. Within another century

cpinning mills and fulling mills had been introduced: by the six-
. Ilu'* fll”i!l:.:: !]'Ii”ﬁ WErLE -A!,ﬂu used

his pare time did the
ention rrf' l!lf_". ﬂyel'

teenth century, according to Usher
as communal washing-machines: the fuller m
village washing. Leonardo made the important iny
for spindles around 1490, and an authority on textiles, Mr. M. D. G,
Crawford goes so far as to say that “without this inspired drawing
we might have had no subscquent developments of textile machinery
as we now know it.”" Johann Jurgen, a wood-carver of Brunswick,
invented a partly automatic spinning wheel with a lier around 1530.

After Leonardo a succession of inventors worked on the power-
loom. But the device that made it possible was Kay's flying shuttle,
which greatly increased the productive capacity of the hand-loom
weaver over eighty years before steam power wis successfully ap-
plied to the automatic loom. This work was partly anticipated in
the narrow-width ribbon Joom, first invented in Danzig and then
introduced into Holland; but the development ol the power loom,
through Bell and Monteith, was properly speaking a product of the
paleotechnic phase, and Cartwright, the clergyman who usually gets
| full credit for its invention, played only an incidental role in the
| long chain of improvements that made it possible. While silk was
spun by machinery in the fourteenth century, the first successful
cotton spinning machine was not built until 1733 and patented in
1738. at a time when industry was still employing water power for
prime movers, This series of inventions was in fact the final bequest
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of the eotechnic phase. Sombart marks the turning point of capitalism
in the transfer of th""‘vpmﬁr ,”'[ gravity from the organic textile jndus- |
the inorganic mining industries: that likewise marks th I|
- - - e

frara the eotechnic to the paleotechnic economy

tries to

transition
One further sel of inventions in the textile industry must be noted:

the invention of knitting machinery in the sixteenth century. The |
origins of hand-knitting are obscure; if the art existed it p]ay:cd but
a minor part betore the fifteenth century. Knitting is not only perhaps

the most distinetively Furopean contribution to the textile industries
but it was one ol the fir=t to be mechanized as the result of the inven-
tion of the knitting rame by another ingenions English clergyman |

By taking advanlage of the t"]uiticity of yarns, knitting creates textiles |
Which .'irl;l;'pi themeelves to the contours of the bnd}; and flex and
contract with the movements of the muscles: while by adding ta the
amount of air-space within the yarn itself and between the strands,
 increases warmth without adding to the weight. Knitted hose and
undergarments—io say nothing of the wider use of the lighter wash-
able cottons for body clothes—are all distinetly eotechnic contribu-
tions to comfort and leanliness,

While the textile industries exhibited the steady advance of inven-
tion long before the introduction of the steam engine, they likewise
witnessed the degradation of labor through the displacement of skill
and through the breakdown of political control over the processes of
production. The first characteristic is perhaps best seen in the indus-
tries where the division of the process could be earried farther than
in the textile industries,

Manu-facture, that is, organized and partitioned handwork car-
ried on in large establishments with or without power-machines,
broke down the process of production mnto a series of specialized
operations, Each one of these was carried on by a lpecmhwdw .
whose facility was increased to the extent that his funetion was lim-
ited. This division was, in fact, a sort of empii'iﬁai analysis o ‘:i'*_i-i .
working process, analyzing it out into a series of simpliied human
motions which could then he translated into mechanical :
Once this analysis was performed, the rebuilding of the “'-T--;'s-r"'
sequence of operations into & machine became more {easible. 1he
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mechanization of human labor was, in effect, the first step toward the
humanization of the machine—humanization in the sense of giving
the automaton some of the mechanical equivalents of life-likeness.
The immediate effect of this division ol process was a monstrous
dehumanization: the worst drudgeries of craftsmanship can hardly
be compared to it. Marx has summed up the process admirably,

“Whereas.” Marx writes, “simple cooperation leaves the indi-
vidiual's methods of work substantially unaliered; manufacture revo.
lutionizes these methods and cuts at the root of individual labor
power. It transforms the worker into a cripple, a monster, by forcing
him to develop some highly specialized dextenty at the cost of a
world of productive impulses and faculties—much as in Argentina
they slaughter a whole beast simply in order io get his hide or tallow.
Not merely are the various partial operations allotted to different
individuals; but the individual himself is split up, is transformed
into the automatic motor of some partial operation. . . . To begin
with the worker sells his labor power to capital because he himself
lacks the material means requisite to the production of a commodity.
But now his labor power actually renounces work unless it is sold
to capital.”

Here was both the process and the result which eame about through
the increased use of power and machinery in the eotechnic period.
It marked the end of the guild system and the beginning of the wage
worker. It marked the end of internal workshop discipline, admin:
istered by masters and journeymen through a system of apprentice-
ship, traditional teaching, and the corporate inspection of the prod-
uet; while it indicated the beginning of an external discipline im-
posed by the worker and manufacturer in the interest of private
profit—a system which lent itself to adulteration and 1o deteriorated
standards of production almost as much as it lent itself to technical
improvements. All this was a large step downward. In the textile
industries the descent was rapid and violent during the eighteenth

In sum: as industry became more advanced from a mechanical
point of view it at first became more backward from a human stand-

point, Advanced agriculture, as practiced on the large estates toward
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end of this l“"l‘i”d* ﬁinught to establish, as Arthur Yu'lll]g Phiﬂlﬂd

the .
he same etandards in the field as had come to prevail i the |

out, t R - -
workehop: specialization and division of process, If one wishes 1o

siew the eotechnic period at its best, one should perhaps behald it
.1 the thirteenth century, before this process had set in: or at latest 'I
ot the end of the sixteenth century, when the ordinary worker, Lhml.gi; |
«till losing ground, losing freedom and self-control and ﬁuhﬂam‘_:!:,
was unruly and resou rceful—still capable of fighting or colonizing
rather than ready to submit to the yoke of either becoming a machine
or competing at sweated labor with the products of the machine.
[t remained for the nineteenth century to accomplish this final
degradation.
But while one cannot ignore the defects of the eotechnic economy,
including the fact that more powerful and accurate engines of de- |
struction and exquisile apparatus for human torture were both put
at the service ol morbid ambitions and a corrupt ideology—while
one cannot ignore these things one must not under-rate the real
achievements. The new processes did save human labor and dimin-
ich—as the Swedish industrialist Polhem pointed out at the time—
the amount and intensity of manual work, This result was achieved
by the substitulion of water-power for handwork, “with gains of
100 or even 1000 per cent in relative costa.” It is easy lo put a low
estimate on the gains if one applies merely a quantitative measuring
stick to them: if one compares the millions of horsepower now avails
able to the thousands that then existed, if one compares the vast
amount of goods poured forth by our factories with the modest
autput of the older workshops. But to judge the two economies cor-
rectly, one must also have a qualitative standard: one must ask not
merely how much crude energy wenl into it, but how much of that
went into the production of durable goods. The energy of the
eotechnic régime did not vanish in smoke nor were its products
thrown quickly on junk-heaps: by the sevent th century ﬂh&
transformed the woods and swamps of northern Europe into a con-
linuous vista of wood and field, village and gardens #n ORGERS
human landscape replaced the bare meadows and the mutted OYee
while the social necessities of man had created hundreds c "-1'-‘.":-_1_' =

—__ =

eotechnic regime dud N VARDISH ) sisc s




143 TECHNICS AND CIVILIZATION

solidly built and commodiously arranged, cities whose spacious
and order and beauty still challenge, even in their decay, the ml:ﬂ.“;?ﬂ
nlnill't*h}' of the new towns that succeeded them. In ;:Jliiticrn Il;old[]h]
rivers, there were hundreds of miles of canals: in addition to tl“}
made lands of the north coastal area, there were harbors arran ::‘-;
f.-r. s11 fr"f}", and the beginnings of a lighthouse system. All these ng*:t"
solid achievements: works of art whose well-wrought forms HI-‘I‘I,-rt'q_i
the process of entropy and postponed the final reckoning tha-l.al]

human things must make,

During this period the machine was adequately complemented by
the utility: if the watermill made more power available the dyke and
the drainage ditch created more usable soil. It the canal aided
transport, the new cities aided social mtercourse. In every depart.
ment of actiy itfv t.hf”.["t_‘ was equilibriuw. between ’Lll-“- F-I.;ltiC and the
dynamic, hetween the rural and the urban, between the vital and
the mechanical. So it is not merely in the annual rate of COBVF'I‘Iing
energy or the annual rate of production that one must gauge the gains
of the eotechnic period: many of its artifacts are still in use and
"'“” EIT"']U"'-[ o f.:"fllﬂl as Inew, a”"l 1"(:,".{:!'- e iiliif_"“ acoount Of I.hf_'
luugt‘r span ol time ﬁnjmm‘] by eotechnice iH'whu‘h the balance tips
hack toward its own side of the arm. What it lacked in power, it
made up for in time: its works had durability. Nor did the eotechnic
period lack time any more than 1t lacked energy: far from moiling
day and night to achieve as much as it did, it enjoyed in Catholie
countries about a hundred complete holidays a year.

How rich the surplus of energies was by the seventeenth century
one may partly judge by the high state of horticulture in Holland:
when food is scarce one does not grow flowers to take its place. And
wherever the new industry made its way during this period it directly
enriched and il"ﬂprm*ﬂr] the life of the communily; for the services
of art and culture, instead of being paralyzed by the increasing
cotitrol over the environment, were given fuller sustenance. Can any-
thing else account for the outburst of the arts during the Renascence;
at a moment when the culture that supported them was 50 weak-
spirited and the ostensible impulses so imitative and derivative?

The goal of the eotechnic civilization as & whole until it reached
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I: The ¢ld crane at Liineburg, Originally the decadence of the eiphteenth century was nol more power alone

built in the fourteenth dentury aud uinge but a grealer intensification of life: color, perfume, images, music,
cexual ecstasy, as well as daring exploits in arms and thought and
._-ﬁ;lnlora[ion. Fine images were everywhere: a field ol wilips m bloom,
the scent of new mown hay, the ripple ot flech under silk or the

I'OIII]IIH‘ ol budding bli‘;-k!S: ﬂ!l‘ I"iju-.-'.h[g Elil‘lg. ol the wind ns T.hl:

repaired. A laborsaving desice common
in the North Sea and Ualuie ports dug.
ing the eotedhinie po frod fﬂ!l'rllllnr-rs of
the delicate hird-like monsters of «tes]
now to be found in Hamibirg and elue

where. rain clouds seud over the seas, or the blue serenity of the sky and
{GCourtesy of the Garmarn {ourese Infor-

mafion Cffice)

cloud, refllected with ery stal clas ity on the hi*lwl-[}' surface of eanal and
pond and walercourse. One by one the senses were refined. Toward
[-._;m_;- hattery of windmills near Fls. ll“.' T'li"l “I lilF'- I_”-'Tilll] [l“.. l'(*pl'tl“')ll* COUTERS III[ ‘llr-f llltil_l“?"l‘ﬂ‘ dll‘ll‘lf‘.r

Lol in' oland they 1\ of Lo Even were :Jl:t,]"';f*rll lri” In"u lile pln{ !"""i('ll !j{ fl_l{_}df‘ thl"]' ]:]H‘_"bl I'Inln t.lll'e
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i Digpely Linm | e eventeenllh
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he nose. making them quicker to take oliense at the dungheap and
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drinker gazed thoughtfully at the color of the wine before he supped
it, and the lover's courtship became more intense, as well as mare
prolonged, as the visual pleasure of his beloved distracted him fq
2 moment from the desire for possession. The wood-cut and the
copper plate were popular arts during this period: even a greai part
of the vu]gar work had afiliations to gmu] form, and much of 1 had
genuine distinction, while painting was one ol the dominan expres.
sions of the intellectual as well as the emotional life. Throughoyt
life. alike for rich and poor, the spirit of play was understoad ang
fostered. If the gospel of work took form during this period, it dig
not dominate it.

This great dilation of the senses. this more acute response to
external stimuli, was one of the prime fruits of the eotechnie culture:
it is still a vital part of the tradition of Western culture, T:'Hipt?l'illg
the eotechnic tendency toward intellectual abstractionism, these sen-
sual expressions formed a profound contrast to the contraction and
slarvation of the senses which had characterized the lr.'li_r_'l'num; codes
that preceded it, and was to characterize once more much of the
doctrines and life of the nineteenth century., Culture and technics,
though intimately related to each other through the activities of living
men, often lie like non-conformable strata in geology. and, so 1o say,
weather differently. During the greater part of the eotechnic period,
however, they were 1n relative h:lrmmu. l"_'_‘-:re"!'-l perfiaps on the mine
and the battlefield, they were both predominantly in the service of
life. The rift between the mechanization and humanization. between
power bent on its own aggrandizement and power directed toward
wider hquilIl [ulﬁllmenr hild ﬂ]l‘f_‘.ld}' ill,i[]l"i!]'l_'lj; but 1ts consequences
had still to become fully visible.

CHAPTER IV. THE PALEOTECHNIC PHASE

| : England’s Belated Leadership

By the middle of the eighteenth century the fundamental industrial
revolution, that which transformed our mode of thinking, our means
of production. our manner of living, had been accomplished: the
external forces of nature were harnessed and the mills and looms and
cpindles were working busily through Western Europe. The time
had come to consolidate and systematize the great advances thal
i1-iii 1“"?"” TTI'—Hi".'.

At this moment the eotechnic régime was shaken to its foundations,
A new movement appeared in industrial society which had heen
:LT,ilhr.'i'ill_:.‘. h-_*;.-ln.aj.' almost unnoticed from the fifteenth century on:
after 1750 industry passed into a new phase, with a different source
of power, different materials, different social objectives. This second
revolution !'l]]]“illlil"d\ \Ul;_:'.lt'izm'],, and :5]31‘6‘31.1 the methods H.Hd gﬂﬂl‘.'lﬁ
]-H'H]::-‘-'f{ }-1_.' lhr’ first: abave ;1]11. it was dii‘ﬂcted tnwu‘l"r] 1}11’: quantiﬁi:a-
tion of life, and its success could he gauged only in terms of the
multiplication table.

For a whole century the second industrial revolution, which Geddes
called the paleotechnic age, has received credit for many of the ad-
vances that were made during the centuries that preceded it. In
contrast to the supposedly sudden and inexplicable outburst of inven-
tions after 1760 the previous seven hundred years have often been
treated as a stagnant period of small-scale petty handicraft produe-
tion, feeble in power resources and barren of any significant accom-
plishments, How did this notion become popular? One reason, |

think, is that the critical change that actually did take place during
151

tinne alter 1768) the nreviois eeven hundred vears have ollen
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the eighteenth century threw into shadow the older technical meth.
ods: but perhaps the main reason is that this change took place firgt
and most swiltly in England, and the observations of the new ip.
L]il:»‘-lri.'-l] mt-thodb, after Adam Smith— who was too early to npp:'.‘ti-r
the transformation—were made by economists who were ignorunt
of the technical history of Western Europe. or who were inclined to
helittle its significance. The historians {ailed to appreciate the dely
of England’s navy under Henry VLI to htalian shipbuilders, of her
mining industry to imported German miners, of her waterworks and
lund-clearance schemes to Dutch engineers, and her silk spinning
mills to thr‘.‘ Italian models ‘n'}lirh were 1:t-],,~i--+| by Thomas | ombe.

The fact is that England, throughout the Niddle Ages, was one of
the backward countries of Europe: it was on the outskirts of the
oreat continental civilization and it shared 1n only o limited way in
the great industrial and civic development that took place in the
South from the tenth century onward. As a wool-raising center, in
the time of Henry VIII, England was a source of raw materialg,
rather than a well-rounded agricultural and manulacturing country;
and with the destruction of the monasteries by the same ur'r.--nar(-h,
England’s backwardness was only accentuated. It was not until the
sixteenth century that various traders and enterprisers began to de-
velop mines and mills and glassworks on any considerable scale.
Few ol the decisive mventions or improvements of the eotechnic
phase—one excepts kniiting—had their home in England. England’s
first greal contribulion to the new processes of 1h-:u:;]|t and work came
through the marvellous galaxy of distingunished scientists 1t produced
in the seventeenth century: Gilbert, Napier, Boyle, Harvey, Newton,
and Hooke. Not until the eighteenth century did England participate
in any large degree in the eotechnic advances: the horticulture, the
landscape gardening, the eanal building, even the factory organiza-
tion of that period, correspond 1o developments that had taken place
from one to three centuries earlier in other parts of Europe.
Since the eotechnie régime had scarcely taken root in England,

there was less resistance there to new methods and new processes: the
break with the past came more easily, perhaps, because there was
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less to break with. England's original backwardness helped 1o estab-
lish her leadership in the paleotechnic phase.

2: Tllr.: New Barl-:lrmu
A« we have eeen, the earlier technical development had not in-

volved # complete breach with the past. On the contrary, it had setymd

and ;‘11.},:-.“11::1-':] and assimilated the technical innovations of other
cultures, some very ancient, and the pattern of industry was wrought
into the dommant paltern of lile itsell. l'l..-..I,‘”,-. all the llill}‘ﬂ?nl min.
ing fon gold, silver, lead and tin in the sixteenth century, one could
not call the civilization iself a mining civilization; anid the handi-
crati=m 1N ¢ '-"1'-'11-[ did nol Il.ll..H:-_'*‘ l-u'ﬂ'p]l':t-'*H when he walked from

the workshop to the church, or left the garden behind his house to

or oul 1Mo the open fields bevand the ¢ity’s walls.
(il 1]11' Ulhl‘l' ll;llll_l, arose oul Hr Illl.' ]'!1'!‘:11‘.-

v.'.:l!il
Paleotechnie industry,

down of European society and carried the Process ol disruption to a
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tions themselves were repetitive and monotonous; the environmen,
Wil hu‘,II'r“LJ: ”lt‘ ]l[i‘f that was li\’l-':'_l' in ”1-’!1‘ new conlivrs wasg H“[ll'r
and barbarous to the last degree. Here the break with the Pt 'wn-x
complete, People lived und died within sight of the coul pit or the
cotton mill in which lhrjv spent from fourteen to sixteen hours of
their daily life, lived and died without either memory o1 hope, happy
for the crusts that kept them alive or the sleep that brought them the
brief unensy solave of dreams,

“_upr-'n never far above the level of -:ui,».i,.|.a,~”,-4-, were dy IVEn 11““”
it the new industries by the competition of the machine. So low
were thev in the early pari of lf!-* nineteenth cenbury lh.!t in tlll' textile
trades thev even for a while retarded the introduction of the power

loom. As if the surplus of workers, ensured by the disiranchisement

and pauperization of the agriculiural workers, were not enoush to
- : =

re-endorce the Iron Law of W ages, there

present theory fully aceounts for it, But one of the tangible motives

was the fact that Hllr"l.'|r]4l'~t"-! parents w
wages of the young they had

and fir“lllt‘llli!i *if‘ﬁ’i"T!!IiriH there w
unrkm or {aclory 't'u-?]qt*! - [Jn- servility hil T’.fn' mi‘r:-. . s]tw'pl‘; mgrained
in that occllpalion. sprea ] ta all the aceessory o l?lt'.l'w". H!f.":lt-.‘f. It needed
}."J[h llI[.’!\. anil |_‘||l|ninp: LD escape ||L|'12r'- Iit1iir

Here was something almost without parallel in the history of

civilization: not a lapse into barbarism through the enfeeblement of
& higher civilization, but an upthrust into barbarism, aided by the
very forces and mterests which originally had been directed toward
the conquest of the environment and the perfection of human cul-
ture. Where and under what conditions did this change 1ake place?
."llld !Iin\', 'l.\r}'l!'_"n il rel'lrei!‘lllf‘d n r;ll'l t]:i‘ L'rnr-hi jminl ‘.'ri .‘-Hlt',i."l] 11{."
velopment Europe had known since the Dark Ages did it come to
be looked upon as a humane and beneficial advance? We must answer
those questions,

The ])'lﬂi-t‘: one here defines as p:ilnnll'r‘hniu‘ reached jts higl'u'.ﬁl
point, in terms of its awn concepts and ends, in England in the middle
of the nineteenth century: its cock-crow of triumph was the great in-

1F FaThl i 118\ " e =2 Iil‘mn“:'ﬁ £% Ill"l lfrl'-'r"‘-rl-l—‘-ﬂ-i"] + —l-—- FEEN———. ..J 1‘ .

wiis an extraordinary rise
in the birth-rate. The causes of this initial rise are still obscure; no

ere '1-1_-'1_--1 L0 livc Hpon the
Y !'-:-.-_"_..ET*.':t From the chains of POVErty
no escape lor the new mine
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dustrial exhibition in the new Crystal Palace at Hyde Park in 1851
the first World Exposition, an apparenl victory for free trade, free
enterprise, (ree mvention, and {ree access 1o all the world’s markers
]u}- the country that boasted ulrmldy that it was the wntk_-ﬂ]gp of the
world. From around 1870 onwards the typical interests and preoccu-
p.‘llimh ol Illl" I.ru[t‘{ltt'r]n‘lﬁ“ p}"li.l.‘ili hil\'i" bl'.’.*tn l:ha]lpngﬂd hY lﬂli!r
developments in technics itsell, and modified by various counter-
poises 0 society, But like the eotechnie ph&in. it is still with us:
sndeed, in certain parts of the world, like Japan and China, il even
passes for the new, the progressive, the modern, while in Russia an
unfortun.alv !!"J-ilj,lh" -lf ]_l.'lh"*:-l'!'f'ill‘lil.' 1"4':111‘?{119 aml mt‘,‘ﬂ‘lﬁi’iﬁ hﬂﬂ ht‘lped
misdirect, even partly eripple, the otherwise advanced economy
projected by the disciples of Lenin. In the United States the paleo-
techmic régime did not get under way until the eighteen fifties, almost
a century after England; and it reached ils highest point ut the be-
ginning of the present century, whereas in Germany it dominated the
years between 1870 and 191 t, and, being carried to perhaps fuller
and completer expression, has collapsed with greater rapidity thr"rf:
than in any other part of the world. France, excepl for its special
Ci ral and ir;m centers, l'“i-ii’;ll'n:‘l'l sOome of th worsl i'.lt"ff'{‘ln {l!' Ihe purind;
while Holland. like Denmark and in part Switzerland, ﬁklppt?d almu-ﬁt
dir ectly from an ei-l.':’lt'-_']:;llr mnto a [H‘I.?[{'l_‘hn:lij economy, and HHE(‘[:Il L
ports like Rotterdam and in the mimng districts, vigorously resisted
Lhe i'r.ﬂu'ult'*tl.'mh‘ ’Ulig::]l'l. |
In short, one is dealing with a technical complex that cannol .he
trictly placed within & time belt; but if one takes 1700 as a begmn-
ning, 1870 as the high point of the upward curve, ﬂt.1d 1900 as the
start of an ;u*t'l_']ljl‘;ilillg :lnuuward moavement, one WIH have a suﬂi—
ciently close approximation to fact. Without accepting any of thf:
nnpli;niunu- of Henry Adams's attempt to apply l.he phifﬁc rule nff.
physics 1o the facts of history, one may granl :%n m.creasmg rate nl
change to the processes of invention and technical unpmmmn:;.:
least up 1o the present; and f eight hundred years almost ﬂ t;:
the eotechnic phase, one should expect a much shorter term for

pu]mluf.{'lmi_t: one.
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3: Carboniferous Capitalism

The great shift in population and industry that took place in the
eichteenth century was due to the introduction of coal as a source
of mechanical power, to the use of new means of making that power
effective—the steam t'-ugine—;md to new methods of .arllt'”ing and
working up iron. Out of this coal and iron complex, a new civiliza-
tion developed.

Like so many other elements in the new technical world, the use
of coal goes back a considerable distance in history. There is a refer.
ence to it in Theophrastus: in 320 B.c. 1t was used by smiths; while
the Chinese not merely used coal for baking porcelain but even
employed natural gas for illumination. Coal itsell is a unique min-
eral: apart from the precious melals, it is one of the few unoxidized
cubstances found in nature: at the same Lime 1t is one of the most
easy to oxidize: \\.'r*i;:}l[ ior ia'r-i-;}'lt it is ol course much more compact
to store and transport than wood.

As early as 1234 the freemen of Neweastle were given a charter
O tiig for l"l'h'l], and an ordinance '.1![{‘I|“|l*iir':f_’ to regulate the coal nui-
SANCE N Lu!ll.]t":l'l tl:!h‘z—: friml ”lr- fl:rll]'h*erll”n cemnury. I‘_i*-'-“ hundred
Vears la't'lt‘r t'.unl] was in _'-.IIF‘H"IE!] UsSg s A fuel Among g:l.u-:nmakers,
brewers. distillers, sugar bakers, soap boilers, smiths, dvers, brick-
makers. lime burners, founders, and calico printers. But in the mean-
while a more significant use had heen found for coal: Dud Dudley at
the beginning of the seventeenth century sought to substitute coal for
charcoal in the production of iron: this aim wags successfully accom-
plished by a Quaker, Abraham Darby, in 1709, By that invention
the Iligh-pnwcr#d blast furnace became ]”H*?‘?il'h.’l but the method it-
self did not make its way to Coalbrookdale in Shropshire to Scotland
and the North of England until the 1760°s, The next development
i the making of cast-iron awaited the introduction of a pump which
should deliver to the furnace a more effective hlast of air: this came
with the invention of Watt's steam pump, and the demand for more
iron, which followed, in turn increased the demand for coal.

Meanwhile, coal as a fuel for both domestic heating and power
was started on a new carcer, By the end of the eighteenth century

in the makine ol castaron awaited Lhe introduction of 4 pump wnien

|
|
e
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conl began to take the place of current sources of energy as an
Iluminant through Murdock’s devices for producing illuminating
gas. Wood, wind, water, beeswax, tullow, -r;.lr.*rlllﬂ.ril—ﬂ“ these wore
;li,j»pl.n-m} steadily by coal and derivatives of coal, albeit an ellicient
typ of burner, that produrr-] }-},‘ W I‘,']:"-]I.'-h"h, did not appear until
electricity was ready to supplant gas for illumination. Coal, which
conld be mined long in advance of use, and which could be stored
up, placed industry almost out of reach of seasonal influences and the
(n:!uﬁ'f-r of the weather.

In the cconomy of the earth, the large-scale opening up of coal
ceams meant that industry was beginning to live for the first tme
on an accumulation of potential energy, derived from the ferns of
thi rarbonilerous pr‘+1'iw|. instead ol upon current meome. In the
hetract. mankind entered into the possession of a capital inherit-
ance more -p]-‘mi;*:} than ."il.l !hi.' W ﬁ]hll ol IIIL‘ Illi}it.'l‘-: {t.ﬂ' even al l]l&
;m-.—:-ni raie of use 1t has heen I“J]rIILI'll_'i_l that l]lt.‘ lu'f"-éf'nl known
supplies wounld last three thousand years. In the conecreie, however,
the prospects were more limited, and the exploitation of coal carried
with it penalties not attached to the extraction of energy from grow-
ing plants or {from wind and water. As long as the coal seams of
England, Wales, the Ruhr, and the Alleghanies were deep and rich
ﬂ,f*- limited terms of this new economy could be tl‘f'Erl{'lukEd: but as
coon as the first easy gains were realized the difficulties of keeping up
the process hecame plain. For mining is a robber industry: the mine
swner. as Messrs, Tryon and Eckel point out, is constantly consuming
his capital, and as the surface measures are depleted the cost per
unit of extracting minerals and ores hecomes grealer. The mine 1=
the worst possible local base for a permanent civilization: for when
the seams are exhausted, the individual mine must be closed down,
leaving behind its debris and its deserted sheds and houses. The by-
Imuhn ts are a befouled and disorderly environment; the end pmﬂ-
uel is an exhausted one.

Now. the sudden accession of capital in the form of these vast
conl fields put mankind in a fever of exploitation: coal and iron were
the pivots upon which the other functions of society revolved, The
activities of the nineteenth century were consumed by a series of
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rushes—the gold rushes, the iron rushes, the copper rushes, the
petroleum rushes, the diamond rushes, The animus of mining af.
fected the entire economic and social organism: this dominant mode
of exploitation became the pattern for subordinate forms ol industry,
The reckless, get-rich-quick, devil-take-the-hindmost attitude of the
mining rushes spread everywhere: the bonanza farms of the Middle
West in the United States were exploited as if they were mines, and
the forests were gutted out and mined in the same fashion as the
minerals that lay in their hills. Mankind behaved like a drunken
heir on a spree. And the damage to form and civilization through
the prevalence of these new habits of disorderly exploitation and
wasteiul c-xpunditure remained. whether or not the source ol energy
iteelf disappeared. The psychological results of carboniferous capi-
talism—-the lowered morale, the expectation of getting something for
nothing, the disregard for a balanced mode of production and con.
sumption, the habituation to wreckage and debris as part of the nor-
mal human environment——a]l [ht‘st‘- L'f:sult:a Were E_:Liilll} mischies ous,

4: The Steam Engine

In all its broader aspects, paleotechnic industry rvested on the
mine: the pmducts of the mine dominated its life and determined
its characteristic inventions and improvements.

From the mine came the steam pamp and |u'+wr=nt]j.' the steam
engine: ultimately the steam locomotive and so, by derivation, the
steamboat., From the mine came the escalator, the elevator, which
was first utilized elsewhere in the cotton factory, and the subway for
urhan ll'ﬂllﬁp(li‘tutinn. Tht: |‘elih'i_hld ]i]‘{L"‘!-‘i'i-ul_" came directly {rom 1}16‘
mine: roads with wooden rails were laid down in Newcastle, England,
in 1602: but they were common in the German mines s hundred
years before, for they enabled the heavy ore carts to be moved easily
aver the rough and otherwise impassable surface of the mine. Around
1716 these wooden ways were capped with plates of malleable iron;
and in 1767 cast iron bars were substituted. (Feldhaus notes that
the invention of iron-clad wooden rails is illustrated at the time of
the Hussite Wars around 14.30: [mﬁ:eih]}r the inveniion of a military
engineer. ) The combination of the railroad. the train of cars, and the
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locomotive, first ur..;:d in the mines at the beginning of the nineteenth
century, was applied to passenger fransporlalion a generation later,
Wherever the iron rails and wooden ties of this new system of loco-
motion went, the mine and the products of the mine went with it:

indeed. the principal product carried by railroads is coal. The nine-

teenth century town became in effect—and indeed in appearance—an
extension of the coal mine: The cost of transporting coal naturally

increases with distance: hence the heavy industries tended to con-
centrate near the coal measures., To be cut off from the coal mine
was to be cut ofl {rom the source of paloetechnic civilization.

In 1791, less than a generation after Watt had perfected the steam
engine, Dr. Erasmus Darwin, whose poetic fancies were to become
ihe leading ideas of the next century, apostrophized the new powers

in the following verses:

Soon shall th‘w' arm, unconqurn*d steam, afﬁr

Drae the slow barge, or drive the rapid car;

Or on wide-waving wings expanded bear

The flying chariot through the fields of air.

Fair crews triumphant, leaning from above,

Shall wave their flutt'ring kerchiefs as they move
Or warrior bands alarm the gaping crowd,

And armies shrink beneath the shadowy cloud.

His perceptions were quick and his anticipations were just, The
l:-v'rm.ir;*l history of the next hundred years was directly or indirectly
the history of steam.

The need for more efficient mining which could reach the deeper
seams prompted the effort to devise a more powerful pump than
human labor or horse could work, and more regular and more acces-
sible than wind or water mills: this was necessary 1o ¢lear the gal-
leries of water. The translation of Hero's Pneumatics, which contains
devices for using steam, was published in Eurcpe in 1575, and a
. the sixteenth century, Porta, Cardan, De Caus
made various ﬁuggrstinnﬁ for using the poOwer of steam lo pcIfOfm
work. A century later the second Marquis of Worcester busied him-
sell with the invention of a steam pumping engine (1630), thus

geries of Inventors n
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transforming the instrument from a scientific oy inlo a practical
mechanism. In 1633 the Marquis was granted a patent for his “watar.
commanding”
supplying water to the inhabitants of London. Nothing came of this.
Lut the work was carried further II_\,' Thomas Savery whose dq vice.
called The Miner's Friend, was first }rulilil 1ized 1n 1698,

Dl’. P.‘lpill, in ];‘I'.'Ilr_t'i'. TR |h'i_'t| working on the same |||]l-ﬂ; b
deseribed his engine as a “new means to create considerable motive
puwer at ]OW I)!'f! f.'*H: ”II' PuUrpose was i lea :-H--':L:]', il!' g up
Papin’s work, Newcomen, in 1712, erected an improved tvpe of
plllllpillg t‘lr_'.%il'lt‘, “‘1iilr' the Newcomen ENngine was o lumsv and 1nefh-
cient, since it lost enormous quantities of heat in effecting condensa-
tion, it exceeded in POWeEr any aifn;.:[r- earlier prime mover, and

through the application of steam power at the very source of energy.

the coal mine wself, it was possible to sink the mines deeper and
«t1ll keep them free of water. The main lines of the invention were
laid down before Watt came upon the scene, It was his mission. not
to invent the sleam engine. but to raise f_'11r_|~=l-if:'1¢||ul_t. 1ts ethelencs ]py
¢reating a separate condensing chamber and by utilizing the expan-
sive pressure of the steam itself, Watt worked on the steam c':!_;:iliﬁ
from 1765 on, applied for a patent in 1769, and between 1775 and
1800 erected 289 engines in England. His earlier steam engines were
all pumps, P\rl)l' until lTHl dllf ‘%“ir,tt[ (in'}-;li' |‘1|_-"r;--r*!!_ Lo EJ]‘H'uiinlz_; a
ralary prime mover; and the answer to this problem was the great
{'uub]l"-ﬂt'liull ﬂft}' hOTHf'!%{r‘.Htr en_y_rin,_: ihat his firm in talled in the
Albion Flour Mill in 1786, following the ten horsepower engine he
first made for use in a brewery in London, Tn less than lwenly years,
80 greal was the demand for pPOwWer, he installed 84 engines i colton
mills, 9 in wool and worsted mills, 18 in canal-works and 17 in
breweries.

Walt's improvement of the steam engine in turn required improve.
ments in the metallurgical arts. The machine work of his day in
Eug}mu] wis extremely inaccurate, and in boring evlinders i_m. s
engine h.e was obliged to “tolerate errors in his cvlinders amounting
to the thickness of a little finger in a eylinder 28 inches in diameter.’
So the demand for hetter engines, leading to Wilkinson's boring mas

- = N . R UL I1ls UdY 1

engine, and he purposed to develop a water works for
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ohine about 1770, and to Maudslay’s ninmerous mventions and sim-

plifications a gens ration later—including his perfection of the Ve

_~||~|-' rest ol the lathe- gave a greal stimulus {to the 1”;,,.11"1,__. crufts.
]“ru!--nluH\.- the Albion Mills, 'I"-ig.{lif*l:l lm}' Iiif’ll]lii‘.’ wetre not ng.._*nt.lY
the first to use deam lob p_rmding Munll, but are ::.111}1':(.».-1] o have
been the first important establishment in which every piece of the
plant and equipment, axles, wheels, pinions, and shafts. was made
of metal.

[n more than one -|--|r.||lm-'-||l. then, the 1780"s mark the delinite
”““H,_,L.!:.,., of the !I.Jtl"“h‘*'!lllii' l‘l.illl'll_t".\,", Munlq.t-l..l steam ear-
I';_'._-Ii'..’" Cort’s reverberatoty furnace, Wilkinsan’s iron boat, Cart-
Wi :,.:_._|.‘1'_ power loom. and ,IHHI'II'!.*}‘;- and Fitch's steamboats. the lat-
ter with a screw [-r--iu-Hru. date back to this decade.

The whols 11-[i1.f|i-ln-- of wood had now to be prrl'tt'rlr:d in the
more difficult, refractory material—iron, The change from eotechnic

to paleotechnu of course !|.|-_--.-n_--1 through transitional stages; but it

could not remain at a halfway point. Though in America and Russia

wood micht, for example, be used right up to the third quarter of

the nineteenth century for locomotives and steamboasts, the need for

coal developed with the larger and larger demands for fuel that the
nIm:.*;--:=ii.:-::=-'~n ol the machine carried with it. The very laet that
Walt's steam engine consumed about eight and & half pounds of coal
per hiorsepower, in comparison with Smeaton’s atmospheric engine,
Jfnhit'l: had used almost sixteen pounds, only increased the demand
for more of Watt's kind, and widened the area of exploitation, The
erfected till 1832: in the intervening two
generations steam had won supremacy, and it remained the 5}'mf::ui_
of increased efficiency. Even in Holland the efficient steam tfngjgm:
was presently introduced to assist in the Zuyder Zee re:'lafmatmn:
once the new scale, the new magnitudes, the new regularities were
d not without further aid com-

“,i_‘.wr‘:ur_luill:' was not ]

estublished, wind and water power coul

pete with steam. : S
runt difference: the steam engine tended towa

ower were free; but
as a costly invest-
Wﬂ“t}"fﬂw hﬂﬂf

But note an impo
!Iinlin|u'|]1.' and concentration. Wind and water p
l't'l.!] was :'*ﬁ-.llt"['l:-'-qi"{t‘ ﬂl’ld Iht" steam E“glﬂl.' lt:aalf W

ment: so, too, were the machines that it tumed. T
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operations, which characterized the mine and the blast furnace, now

cume into other industries which had heretofore respected the limita.

tions of day and night. Moved by a desire to earn every possible
cum on their investments, the textile manufacturers lengthened the
working day: and whereas in England in the fifteenth century it
had been fourteen or fifteen hours long in mid-summer with from
two and a half to three hours allowed for recreation and meals, jn
the new milltowns it was {requently sixteen hours long all the year
round, with a single hour off for dinner. Operated by the steam
engine, lighted by gas, the new mills could work for twenty-four
hours. Why not the worker? The steam engine was pacemaker.
Since tlie steam engine requires constant care on the part ot the
stoker and engineer, steam power was more efficient in large units
than in small ones: instead of a score of small units, working when
required, one large engine was kept in ¢onstant motion. Thus steam
power fostered the tendency toward large industrial plants already
present in the subdivision of the manufacturing process, Great size,
forced by the nature of the steam engine, hecame in turn a symbol
of efficiency. The industrial leaders not only accepted coneentration
and magnitude as a lact of operation, conditioned by the steam
engine: they came to believe in it by itself, as a mark of progress.
With the big steam engine, the big factory, the big honanza {acm. the
big blast furnace, efficiency was supposed to exist in direct ratio to
size. Bigger was another way of saving better.

But the sleam :.-.ngiru:. tended toward concentration and h_ih--,;n-;w n
Fli“ Hl'll.lll‘li:r way. Thl‘lllgll ﬂ'!t‘é ]':’!ill'uﬂd mereased trm'==| distances and
the amount of locomotion and transportation, it worked within rela-
tively narrow regional limits: the poor performance of the railroad
on grades over two per cent caused the new lines 1o follow the water-
courses and valley bottoms. This tended to drain the population out
of the back country, that had been served during the eotechnic phase
by high roads and canals: with the integration of the railroad system
and the growth of international markets. population tended to heap
up in the great terminal cities, the junctions, the port towns, The

main line express services tended to further this concentration and

the feeder lines and Cross country services ran down, died out, or

were
] -
E‘lé_’,-i.lill-q halrpl“"ﬂ; _I:'t_"l
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drhln-lnlr'lj,' l'_'-inl'[n]tt'll: to travel across eountry it was often
\ecessary to go twice the distance through a central 1own and bark

ThOllf-’h '(IH' gleam (iﬂrriil},{t* was inventﬁl and pu[ il"ltﬂ LIS® On lhe l'ﬁll

coaching roads in England before the railroad, it never successfully
challenged it: for a British act of Parliament drove it off the roads

as soomn U= the I‘Hill‘()&d a]"l'“'-:ll‘f-.l on the scene. Sleam power thus
increased the areas of cities; 1t also increased the lendency of the
new urban communities 1o coalesce u]l)l'l[-’ the main line of iranspor-
tation and travel. That purely physical massing of population 10
Whi(th P-’tll'l(*h { }1'ler'= gFave Thl‘ name 1-Qnurhuh“n, was a ‘.]“_H,{ '['H'ﬂd-
uct of the coal-and-iron régime. It must be distinguished carefully
from the social formation of the city, to which it besse Ascel
1'#2'.51'-1J11r]:.'111<'t_' lly reason of its concentration of hlli]dingg and PE‘UP!E.
The prosperity ol these new areas was measured in terms of the size
of their new factories, the size of the population, the current rate of
growt]'l. In every way, then, the steamn engine accentuated and deep-
ened that quantification of life which had been taking place slowly
and in every department durine the three centuries that had preceded
ts introduction, By 18352 the railroad had reached the East Im_l‘irr-_': by
1872 Japan and by 1876 China, Wherever it went i_I ,_..._‘”de this
methods and ideas of this mining civilization along with iL
5: B].r'nni ;ll.hl l:nn
coal dl"'miﬂ-iit'l‘ llil.‘ pah:n!e‘n-hnir pf'rinr], Therr {:{ﬂur
spread everywhere, from grey o l:-l:it‘l\..'. the black lifllf!lri. llflﬁ;‘ hlal_"l;
stove-pipe hat, the black coach or carriage, the black iron frame o
the hearth. the black eooking pots and pang and stoves, Wn:*-' it nn}ur]n-
ing? Was it protective coloration? Was it mere depression of the
the original color of the pah&ntﬂch.mc milieu
mieht be. it was soon reduced, by reason of the soot and mmlersdl‘hat
{h‘i.'nh‘l[b.!nfit*l] its activities, to s vharaftrri:ﬁticz tmfes, grey,d iy
The center of the new industrialism in Englﬂn' Uk
by 1850 there was a similar
‘ and presently

]]'fﬂ’l ;th

senses? No matter what

hrown, black.
ﬂlnlni'!pﬂ;lhrh' 1_.'1”:-.'11 I}H‘ BlJ'lL‘.k CGIHIH‘}': : :
blackness around the Pittsburgh distriet in iﬂ.mcrlcﬂ..
lhprp WaAR nmﬂl]rr i lht‘ “lilll‘ and III"UUTH] Ll“f-

r1I'l"'-Tl'-l-"';'lll] ;I._ :‘I-! i.ll‘ltl!'q- [[’j 1 E i_‘ Iﬂ t : a
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Ivon became the universal material. One went to sleep in an iron

hed and washod one's {ace in the moming in an 1ron washbowl: ane

practived gymnastics. w ih the aid of iron dumb-bells or other ran
weight-lilting apparatus: one played billiards on an 1ron billiard
I.-:I-lv. made ]l]- Messrs, Hl!.up and Roberts; one sat behind an ITon
locemotive and drove to the city on iron rails, passing over an iron
[-m_lgp and arriving aut an Il{ill-i_'lﬂ.l‘li'l‘] railroad station: in Amer i1'.’|r
;ll'h'l' HIT, I|||' fnlrll Df Ihl' u“lr_'-"l)lliltfqlzf_' !Lii_‘.‘-hl vel 1”' l‘l'!_:-Ir ul'
cast iron. In the most h'ph 41 of Victorian ute JUBES that of J. S. Bueck.
inpf'n;nn. the wdeal city i= bailt almost entirely of iron,

Although the Italisns had designed iron hridges in the sixteenth
century. the first to be built in }'n;ﬂ.-rld was m 1LY, across the
Hiver Severn: the first iron dome was put on the Halles des Blés in
Paris in 1817: the first iron ship was built in 1787, and the first iron
steamship in 1821, So deep was the faith in 1ron during the paleo-
technic pr'llml that it was nol merely a favarie lorm of medicine,
chosen as much for its magical association with ~trr'nf_'lgh 18 1o anyv
tangible benelits, but it was Likewise oflered for sale, if not a ‘.Ef.tll_v
used. for cuffs and collars to be worn by men, while, with the de-
\’!"U]H]It."ﬂt ol :-[H'iri;_{ steel. iron even lr"i'I].IH"l.l whalebone In the
apparatus used by the women of the I'-r*!im] to delform their }-w:{-,.lg-,
pelvises and hips. If the widest and most advantageous use of iron
was in warlare, there was no part ol existence, nevertheless, that was
not touched directly or indirectly by the new material.

The cheaper, more efficient production of iron was indeed a direct
result of the tremendous military demand for it. The first notable
improvement in the production of iron, after the Darby process for
making cast iron and the Huntsman process for making crucille steel
was that made by Henry Cort, an English naval agent: he took out
a p&ll(‘.‘lll for his pudn]liug PrOCEss in 1784 and made a timely con-
Iribut'iun nol merely to the suecoss of FH[{IJI'HFH ARAT1 iru_fu-;l;'j,' n
the export trade but to the victory of British arms during the
Napoleonic wars, In 1856 Henry Bessemer, an Englishman, toak out
the patent for decarbonizing cast iron in his egg-shaped converter 1o
n‘mk': steel: a process Hlighlly antedated h}' the inr]iffu*mfﬂlt IV
ot of a Kentucky ironmaster, William Kellv, Thanks 1o Bessemer
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| sleel, the artillery
a flourished in warlare as never befare: and afier this period

hecame
FEVENUE 1n exist.

enee ‘ apons of war, Cheup iron
al'l'] :-Il‘l'l ITI-!‘]" ]I {+-l|~.|1h|[‘ t” {ilLl_l.[.i 1;] II*T"P' Nrmies -'.”]1‘ “-ﬂ"u"it:

anid the later Siemens-Martin process for 111Hk|l‘|g

1o sronclad o1 the steelelad umr~]|i|n. using |r1n|;,-r£ll'lg¢': PUTLS,
aHe t-f the maosl Hective consumers ol the national
o 18 Wlf“ as ong of the most lll'{h”j.' we

s than Bver

before: bigger cannon, bigger warships, more complicated erqiip:
ment s whale the new railroad svstem made 1 [‘lﬂ‘-‘»E»rll.!llf 1o pul more
men in the held and to put them in constant communication with
the base ol supplies at ever greater distances: war became a depirt-
ment of large-scale mass production.

In the very midst of celebrating the triumphs of peace and imerna-
tionalism in 1851, the paleotechuic régime was preparmg for a series
Of more lethal wars o whiis ]l. 4= d swuh ol modem lllL‘lhﬂd?i lﬁlf pro-
duction and trunsport entire ntations would [”mHy became involved:
the American Civil War, the Franco-Prussian '\Yar, most df:alﬂ}" and
vicious of all, the
dustrit'ﬂ'. whose !|]:1[|I-, were over-swollen 'Ihl‘nllgh railroad ],u]llding
and past wars, sought new markets: in America, they found an outlet
1n thc dt‘-'l-ft‘;l,'_;-'-ﬂ }H_u]i“n!:: but in I}IE ]l‘_ll‘lg rin lhf‘}' were fl}h:ﬂd
back on the more reliable industry of war, and they lovally served
their stockholders by inciting competitive fears and rivalries Among
the nations: Lthe nolorious p.rn"l l'{‘l‘-‘fllll‘}." plﬂ}'ud h*_v the American ﬁlcﬁl
manufacturers in wrecking the International Arms Conference of
1027 was only typical of a thousand less publicized moves during the

Waorld War., Nourished by war, the armament in-

prey ious century.

Bloodshed kept pace with iron production: in essence, the entire
paloetechnic period was ruled, from begmnning to end, by the policy
of blood and iron. Its brutal contempt for life was equalled only by
the almost priestly ritual it developed in preparation for inflicting
death. Its “peace™ was indeed the peace that pilisd'h .'I.lmlﬂﬂllﬂ!ﬁﬂﬂ‘i
what was it but latent warfare?

What, then, is the nature of this material that exercised mha
powerful effect upon the affairs of men? The use of mntﬂﬁl’lﬂ aen
possibly goes buck very far n history: there s rennrdnf im?’
rived l'lnllfl the ordinary ores as far back as 1000 s.c., but the “F"
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oxidation of iron may have wiped out traces of a much earlier utiliza-
tion. Iron was associated in Egypt with Set, God of the waste
and desert, an object of fear; and through iron’s close ties with
the military arts this association remains a not inappropriate one.
Il‘ﬂl]':‘. pl‘il‘l[‘ipul virtue lir'ﬁ mn itF combination of {_"l't'ilt :ﬂtrpng‘lh
and malleability. While varying amounts of carbon change its char-
acteristics, from toughness to brittleness, as steel or wrought iron it
has greater strength than any of the other common metals; and since,
in suitable ¢ross section, an I-beam of iron 1s a: strong as a solid
block. it matches its strength with relative lightness and transport-
ability as compared for example with stone. But not merely is iron
strong under compression, like many varieties of stone: unlike stone,
it is strong in tension and when used in chains and cables, as the
Chinese were the first to use it, its characteristic properties come out
perhaps most clearly. One must pay for these excellent qualities by
working iron under a more intense heat than copper, zine, or tin:
whereas steel mells at 1800 degrees Centigrade, and cast iron at
1500, copper has a melting point of 1100 and certain types of bronze
anly half that heat: so that the casting of bronze long preceded the
casting of iron. On a large scale, iron-making demands power pro-
duction: hence., while wrought iron dates back at least 2500 years,
cast-iron was not imvented until the fourteenth century when the
water-driven bellows finally made the high temperature needed in
the hlast furnace possible. To handle iron in large masses, conveying
it, rolling it, hammering it, all the accessory machinery must be
brought to an advanced stage of development. Though the ancients
pmduced hard implt‘.’mt‘flltﬂ ol copper ]r}' ]mmrm'l'illgs it cold, the cold
rolling of steel awaited advanced types of power machinery.
Nasmyth's steam hammer, invented in 1838, was one of the final
steps toward iron working in the grand style which made possible
the titaniec machines and wtilities of the later half of the nineteenth
‘century.

But iron has defects almost commensurate with its virtues. In its
usual impure state it is subject to fairly rapid oxidation, and until
the rustless steel alloys were discovered in the neotechnic period 1t
was necessary Lo cover iron with at least a film of non-oxidizing mate-

stens toward 1iron workine m the erond stvle which made possibid

g

rial. _
bearings become jammed and without constant painting the ixon ships

and bridges and sheds would in the space of a generation hecome
dangerously weakened: unless constant care is assured, the stone via-
ducts of the Romans, for example, are superior for longtime use,
Again:
Le made {for expansion and coutraction in summer and winter and
during different parte of the same day: and without a protective
covering of a fire-resistant material, the iron loses its strength so
rapid
of w
has at Jeast this compensating attribute: next to aluminum it is the
commotl
ness
according to
were scientifically }
tion:
designers U
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Left to itself, iron rusts away: without constant lubrication

ivon is subject to changes in temperature: allowances must

ly under heat that the soundest structure would become a mass
arped and twisted metal. But if iron oxidizes too easily, it

o<t metal on the earth’s crust. Unfortunately, the common-
and cheapness of iron, together with the fact that it was used
rule-of-thumb preseription long before its properiies
nown. fostered a certain crudeness in its utiliza-
allowing for ignorance by erring on the side of safety, the
ced over-size members in their iron structures which did
not sufficiently embrace the esthetic advantages—to say nothing of
economic g_-f._uhl'n—-—]u:mrl-]r throuzh lightness and through the closes
adaplation_ of structure to function. Hence the paradox: between
1775 and 1875 there was technological backwardness in the most
ed part of technology. If iron was cheap and if power was
hould the engineer waste his talents attempling to
standard, there was no answer
sted was dead

ad\;amt

plentiful, why
uge less of either? By any paleotechnic |
to this question. Much of the iron that the period boa

weight.

6: The Destruction of Environment

The first mark of paleotechnic industry was thujpﬂul;::i::;{_? lb:( .

Disregarding Benjamin Franklin's happy suggestion g
being unburnt carbon, should be utilized a second time in the SUE

__ L] 3
nace. the new manufacturers erected steam engines & d flﬂﬂl“. PRt

orl to conserve energy by burning up (REEEEEE

v,
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neys without any ell o e et A .
the products of the first combustion; nor did they at fir T

to utilize the by-products of the coke-ovens or burn up the gise
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duced in the blast-furnace. For all its Loasts of improv ement, the
sleam engine was only ten per cent efficient: ninety per cent of the
heat created escaped in radiation, and a good part of the fuel went
up the flue. Just as the noisy clank of Watt's original engine was
maintained, against his own desire to do away with it, as g p]e-.‘ising
mark of power and efliciency, so the smoking facto y chimney, whick
]Hﬁi”llted the air and wasted energy, whose p:l” of smoke it eased
the number and thickness of natural fogs and shut off still more sup.
light—this emblem of a crude, imperfect technics became the boasted
symbol of prosperity., And here the concentration ol paleotechnic
industry added to the evils of the process itself. The pollution and
dil‘t Of a4 hll‘lall ron H'Ull-:i situatml m t}h' open country ("Hllld be
absorbed or carried away without difficulty. When tw enty large iron
works were grouped together, concentrating their eflluvia and their
waste-products, a wholesale deterioration of the environment in
evitably followed.

How serious a loss was occasioned by these paleotechnic habits one
can see even today, and one can put it in terms that even paleoteets
can understand: the annual cost of keeping Pittsburgh clean because
of smoke has been estimated at $1,500,000 for extra laundry work,
$750,000 for extra general cleaning, and $360.000 for extra curtain
cleaning: an estimate which does not include losses due to the cor-
rosion of buildings, to extra cost of light during periods of smog, and
the losses occasioned by the lowering of health and vitality through
interference with the sun’s rays. The hydrochloric acid evolved Ly the
Le Blane Process for rnunl.ll'urlurillg sodium carbonale was wasted
until an act of the British Parliament in 1863, incited by the cor-
rosive action of the gas on the surrounding vegelation and metal
work, compelled its conservation. Need one add that the chlorine
in the “waste-product”™ was turned o highly profitable commercial
uses as a bleaching powder?

In this paleotechnic world the realities were money, prices, capital,
shares: the environment itself, like most of human existence. was
treated as an abstraction. Air and sunlight, because of their deplor-
able lack of value in exchange, had no reality at all. Andrew Ure,
the great British apologist for Victorian capilalism, was aghast at
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the excellent phy sician who “‘_‘-"‘”f"f‘-'"l before Sadler's Factory lnvesti.
gutiu;!, Commission on the basis ni. experiments made by Dr. Edwarda
i.“ Paris with 1:u]p“11'~, thal '-.-.ul]llg_'tht was ea:-:.t:ntiql o the g'mmh of
children: a bel