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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 lechnics 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 critical 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 "industrial 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 monastery 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 indultrial processes could take hold on a great scale, a reorieotatiOil of
wishes, habits, ideas, goals was necessary.
3
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To understand the dominating role played by 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 phenomena in history: what is new is the fact that these functions have
been projected and embodied in organized fOIms 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
instruments of modern technology-the clock, the printing press,
the water-mill, the magnetic compass, the loom, the lathe, gunpowder,
paper, to say nothing of mathematics and chemistry and mechanicsexisted in other cultures. The Chinese, the Arabs, the Greeks, long
before the Northern European, had taken most of the first steps
toward the machine. And although the great engineering works of
the Cretans, the Egyptians, and the Romans were carried out mainly
on an empirical basis, these peoples plainly had an abundance of
technical skil1 at their command. They had machines; but they did
not develop "the machine." It remained for the peoples of Western
Europe to carry the physical sciences and the exact arts to a point
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 accommodation, surrendered
to the machine?
Plainly, what is usually called the induslrial revolution, the series
of industrial changes that began in the eighteenth century, was a
transformation that took place in the course of a much longer march.
The machine has swept over our civilization in three sucr.essive
waves. The first wave, which was set in motion around the tenth
cf'ntury, gathered strength and momentum as other institutions in
civilization were weakening and dispersing: this early triumph of
the machine was an effort to achieve order and power by purely
cxlcrnal means, and its success wati partly due to the fact that it
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evaded many of the real issue:. of life and turned away from the
momentous moral and social difficulties that it had neither confronted nor solved. The second wave heaved upward in the eighteenth
century after a long steady roll through the Middle Ages, with its
improvements in mining and iron-working: accepting all the ideological premi es of the first effort to create the machine, the disciples
of Watt and Arkwright sought to universalize them and take advantage of the practical consequence - In the course of this effort, various
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 drastically curtailed by the failure to achieve in society a set of harmonious
and integrated purposes. External regimentation and internal resistance and disintegration went hand in hand: those fortunate
members of society who were in complete harmony with the machine
achieved that state only by clo~ing up various important avenues of
life. Finally, we begin in our 0\'ll1 day to observe the swelling
energies of a third wave: behind this wave, both in technics and in
civilization, are forces which were suppressed or perverted by the
earlier development of the machine, forces which no\\ manifest them~elves in every department of activity, and which tend toward a new
synthesis in thought and a fresh synergy in action. As the result of
this third movement, the machine cease' to be a substitute for God or
for an orderly society; and instead of its success being measured by
the mechanization of life, it· worth becomes more and more measurable 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 of the third wave: but the image remllins accurate
to the extent that it suggests that the wave with which we are now being
carried forward is moving in a direction opposite to those of the past.
By now, it is plain, a new world has come into existence; but .it
exi,ts only in fragments. New forms of living have for long been m
process; but so far they have likewise been divided and unfocu ed:
indeed, our vast gains in energy and in the production of goods h~ve
manifested themselves in part· in a loss of form and an impoverIsh·
ment of life. What has limited the beneficence of the machine? Under
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what conditions may the machine be directed toward a fuller use
and accomplishment? To these questions, too, the present study seeks
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 in 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
objective procedures of the sciences. it does not form an independent
system, like the universe: it exists a 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 fully 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 understanding society and toward knowing ourselves. The world of technics
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 going on within the domain of technics itself since around 1870: .for
the organic has become visible again even within the mechamcal
eomplex: some of our most characteristic mechanical instrumentstelephone, the phonograph, the motion picture have grown out
our interest in the human voice and the human eye and our
of their physiology and anatomy. Can one detect, perhaps,
• • properties of this emergent order-its pattern, itt
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planes, its angle of polarization, its color? Can one, in the process
of crystallization, remove the turbid residues left behind by our earlier
forms of technology? Can one distinguish and define the specific
properties of a technics directed toward the service of life: properties
that distinguish it morally, socially, politically, esthetically from
the cruder forms that preceded it? Let us make the attempt. The
study of the rise and development of modern technics is a basis for
understanding and strengthening this contemporary transvaluation:
and the transvaluation of the machine is the next move, perhaps,
toward its mastery.

CHAPTER I.

CULTURAL PREPARATIO

1: Machines, Utilities, and "The Machine"
During the la t century the automatic or semi·automatic machine
has come to occupy a large place in our daily routine; and we have
tended to attribute to the phy ical in ·trument it elf the whole complex of habits and method that created it and accompanied it.
Almost every discu_.:ion of technology from Marx onward ha
tended to overempha_ize the part played by the more mobile and
active parts of our indu_trial equipment, and has slighted other
equally critical elements in our technical heritage.
'What is a machine? Apart from the imple machines of classic
mechanics, the inclined plane, the pulley, and so forth, the uhject
remains a confused one. lany of the writers who havt" discu.saed
the machine age have treated the machine as if it were a very recestt
phenomenon, and as if the technology of handicraft had emplo
only tools to tralLform the environment. These preconcepti
baseles". For the last three thou and years, at lea t, machines ha
been an essential part of our older technical heritage. ReuJeum".
definition of a machine has remained a classic: "A machine i
bination of resistant bodies so arranged that by their me...
mechanical forces of nature can be compelled to do
aco...
panied by certairt determinant motions"; but it d
very far. Its place is due to his importance
morphologist of machine , for it leaves out the
chines operated by man-power.
Machines have developed out of a COIl)
for converting energy, for perf
.
9
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chanical or sensory capacities of the human body, or for reducing
to a mensurable order and regularity the processes of life. TIle
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 bodv• 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 is 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 unimportant: for, using the tool, the human hand and eye perform complicated actions which are the equivalent, in function, of a well developed machine; while, on the other hand, there are highly effective machines, like the drop hammer, which do very simple tasks,
with the aid of a relatively simple mechanism. The difference between 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 voluntary motions settle down into reflexes, and on the other hand, even
in the most completely automatic machine, there must intervene somewhere, 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, o~e
the accuracy of the finest machine coupled with the skilled atteDll1alilce of the workman. When one adds to this mechanical complex
an extemalsource of power, the line of division becomes even more
dilicult to establish. In general, the machine emphasizes specializa-

CULTURAL PREPARATION

o
tion of
function,
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tool
indicates
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operation, whereas a kIIIofe can be used
mac1une performs only one
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to smooth wood, to ea rye It, to ,pIn it or to pry op en a 1oc k, or to
dnve 1Il a screwo The uutomatH: machme then is a very speela
. l'lzed
kind of ada ptatlOll; It mvolveso the notion
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rom t e beginning the machine was a sort
of 1111110r orgalllsm, dC!:ilgned to perform a ~ ingle set of functions
Along with the"e dynamic
elements' in technology tllere
. ano°th er
•
,
IS
set, more static in character, but equally imp0l1ant in function.
While the growth of machines is the mo:--t patent technical faet of
the last thou , and years, the machine, in the form of the fire-drill or
the potter's wheel, has been in exi. tence since at least neolithic time.
During the earlier period, ~ orne of the mo t effective adaptations of
the environment came, not from the invention of machines, but from
the equally admirable invention of uten~ils, apparatus, and utilities .
The basket and the pot tand for the first, the dye vat and the brickkiln stand for the second, and reservoirs and aqueducts and roads
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 ma 'hinery. While toob and machine' transform the environment hy changing the shape and location of objects, uten its and
apparatus have heen used to effect equally necessary chemical tran formatiolls. Tanning, brewing, distilling, dyeing have been as important 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 then that they
have been influenced in any large degree by the same set of ci ntitle
forces and human interest that were developing the modem pow r0

0

0

•

•

0

•

o

O

0

0

0'

"

o.

0

•

machine.
In the series of objects from utensils to utilities th re i th •
relation between the workman and the process that on not 1ft
series between tools and automatic machin : dift n
in
degree of specialization, the degree of im
lit •
people's attention is directed mo t e8ai1y to
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active parts of the environment, the role of the utility and the apparatus 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 both
have played an enormous part in the development of the modern
environment; and at no stage in history can the two means of adaptation he split apart. Every technological complex includes both: not
least our modern one.
When I use the word machines hereafter I shall refer to specific
objects like the printing press or the power loom. When I 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
civilization 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 quantitative
methods of thought to the study of nature had its first manifestation
in the regular measurement of time; and the new mechanical conception 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
modern physics: but behind that belief was the presence of order in
the institutions of the Church itself.
The technics of the ancient world were still carried on from
Constantinople and Baghdad to Sicily and Cordova: hence the early
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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 <\nd power, other than that expressed in the military domination of weaker men, first manifested itself after the long
uncertainty and bloody confusion that attended the breakdown of the
Roman Empire. \v-ithin the walls of the monastery was sanctuary:
under the rule of the order surprise and doubt and caprice and
irregularity were put at bay. Opposed to the erratic fluctuations and
pulsation ' of the worldly life was the iron discipline of the rule.
Benedict 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 mark, in the day were known as the canonic 11 hours, and orne mean ' of keeping count of them and ensuring
their regular repetition became necessary.
According to a now discreuited legend, the first modern mechanical clock, worked by falling weights, was invented by the monk
named Gerbert who afterwards became Pope Sylvester II near the
close of the tenth century. This clock was probahly only a water
clock, one of those bequcst~ of the ancient world either left over
directly from the day' of the Romans, like the water-wheel itself, or
coming back again into the \Vest through the Arahs. But the legend,
as so often happen~, is accurate in its implications if not in its fact .
The monastery wa' the ::;eat of a regular life, and an in:;trument for
striking the hours at interyals or for reminding the bell-ringer that it
wa time to strike the hell', wa~ an almost inevitable product of thi
life. If the mechanical cIo··k did not appear until the cities of the
thirteenth century clf>manded an orderly rOlltine, the hahit of order
itself and the earnest regulation of time-sequences had hecome almo t
sef'ond Batur" in the mona.;;tery. Coulton agree with ombart in
look ing upon the Bened iet ine:;, the great working order a . perha
the original founder~ of modern capitalism: their rule rta~nly too
'
.
t rprl
m
t he cur:-e ofT work and their vigorous engmeermg en e
on i not
even have rohbed warfare of ,"orne of it glamor.
iug the farts when one !'ugge~t that the monaltefi'ee--a1t
there were 40,000 under the Benedictine rulf!--~ ...
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enterprise the regular collective beat and rhythm of the machine; for
the clock is not merely a means of keeping track of the hours, but of

synchronizing the actions of men.
Was it by reason of the collective Christian desire to provide for
the welfare of souls in eternity by regular prayers and devotions
that time-keeping and the habits of temporal order took hold of
men's minds: habits that capitalist civilization presently turned to
good account? One must perhaps accept the irony of this paradox. At
all events, by the thirteenth century there are definite records of
mechanical clocks, and by 1370 a well-designed "modern" clock had
been built by Heinrich von Wyck at Paris. Meanwhile, hell towers
had come into existence, and the new clocks, if they did not have,
till the fourteenth century, a dial and a hand that translated the
movement of time into a 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 winter 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 fact 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 automatic
machine which, only after centuries of further effort, was also to
pro:e the .final ~o~summation of this technics in every department
of mdustnal actIvIty. There had been power-machines such as the
water.mill, before the clock; and there had also been ~ariolls kinds
of automata, to awaken the wonder of the populace in the temple,
or to .please the .idle fancy of some Moslem caliph: machines one
finds lllustrated 111 Hero and AI-Jazari. But here was a new kind of
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power-machine, in which the source of power and the transmission
were of such a nature as to ensure the even flow of energy throughout
the works and to make possible regular production and a standardized product. In its relationship to determinable quantities of I
energy, to standardization, to automatic action, and finally to its
own special product, accurate timing, the clock has been the foremost machine in modern technics: and at each period it has remained
in dIe lead: it marks a perfection toward which other machines
aspire. The clock, moreover, served as a model for many other kinds
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, contributed to the success of
quite different kinds of machine. Smiths could have hammered thousands of suits of armor or thousands of iron cannon, wheelwrights
could have shaped thousands of great water-wheels or crude gears,
without inventing any of the special types of movement developed
in clockwork, and without any of the accuracy of mea 'urement and
fineness of articulation that finally produced the accurate eighteenth
century chronometer.
The clock, moreover, is a piece of power-machinery whose "product" is seconds and minutes: by its e~sential nature it dissociated
time from human events and helped create the belief in an independent world of mathematically measurable sequences: the special
world of science. There is relatively. little foundation for this belief
in common human experience: throughout dIe year the days are of
uneven duration, and not merely does the relation between day and
night steadily change, but a slight journey from East to West alters
aE-tronomical time by a cel1ain ntunber of minutes. In terms of
the human organism itself, mechanical time is even more foreign:
while human life has regularities of its own, the beat of the pulse, the
breathing of the lungs, these change from hour to hour with mood
and action, und in the longer span of day~, time is measured not
by the calendar but by the events that occupy it. The shepherd measures from the time the ewes lambed; the farmer measure back to
the day of sowing or forward to the harvest: if growth has it 0
duration and regularities, behind it are not simply matter and motioa
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the facts of development: in short, history. And while mechanical
time is strung out in a succession of mathematically isolated instants,
organic time what Bergson calls duration-is cumulative in its
effects. 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-through the
cycle of hirth, growth, development, decay, and death-and the
past that is already dead remains present in the future that has still
to he horn.
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 point of reference for both action and thought, and in the
effort to arrive at accuracy in this department, the astronomical
exploration of the sky focussed attention further upon the regular,
implacahle movements of the heavenly bodies through space. Early
in the sixteenth century a young Nuremberg mechanic, Peter Henlein,
is supposed to have created "many-wheeled watches out of small bits
of iron" and hy the end of the century the small domestic clock had
been introduced in England and Holland. As with the motor car and
the airplane, the richer classes first took over the new mechanism
and popularized it: partly hecause they alone could afford it, partly
because the new hourgeoisie were the first to discover that, as Franklater put it, "time is money." To hecome "as regular as clockva the bourgeois ideal, and to own a watch was for long a
of su.ccess. The increasing tempo of civilization led
for FAter power: and in tum power quickened the
adD,a} life that first took shape in the mona..
. .1iI*i1llCl, although by now Western peoples
_ ." the clock that it i "second nature"
1a&t of nature. Many
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ence to further the carrying of watche there
the benefits of punctuality. The popularization of
followed the production of the cheap standard•••
Geneva, then in America around the middle of the
essential to a well-articulated system of tranaportatiea
To keep time was once a peculiar attribute of IIlU ••
trial value to the workshop song or the tattoo or the ._
sailors tugging at a rope. But the effect of the
more perva. lve and strict: it presides over the day
rising to the hour of rest. When one thinks of the day
span of time, one does not go to bed with the chickeu 011
night: one invents wicks, chimneys, lamps, gaslight
so as to use all the hours belonging to the day. Whea
time, not as a sequence of experiences, but a a COl.
minutes, and seconds, the habits of adding time aad
into existence. Time took on the character of aa __
could be divided, it could be filled up, it could
by the invention of labor-saving instrumeDtl.
Abstract time became the new medium of a:iilll
tions themselves were regulated by it: one
hungry, but when prompted by the clock. _ ;:,
was tired, but when the clock sanctioud:
consciousness accompanied the wider 11
from organic sequences, it became
Renascence to indulge the faDltal~
of reliving the splendors of aJIb
of history, appearing first in cia
a special discipline. In the ~
riodic literature made
tile lead of Venice a •
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modern industrial regime 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 I have just quoted, has made a penetrating study of the difference in spatial conceptions between the early
Middle Ages and the Renascence: he has re-enforced by a wealth
of specific detail, the generalization that no two cultures liv~ conc~p
tually in the same kind of time and space. Space and tIme, lIke
language itself, are works of art, and like language they help condition and direct practical action. Long before Kant announced that
time and space were categories of the mind, long before the mathematicians discovered that there were conceivable and rational forms of
space other than the form described by Euclid, mankind at large
had acted on this premise. Like the Englishman in France who thought
that bread was the right name for Ie pain each culture believes tllat
every other kind of space and time is an approximation to or a perversion of the real space and time in which it lives.
During the Middle Ages spatial relations tended to be organized
as symbols and values. The highest object in the city 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 comII!andments or the trinity. ~it~o~t constant
symbolic reference to the fables and myths of ChnstIamty th~ rationale 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 gifts of the spirit.
. '
Size aipified importance: to represent human bemgs of e~tIrely
••Dt tizes on the same plane of vision and at 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 real objects but
to the organization of terrestrial experience by means of the map.
In medieval cartography the water and the land masses of the earth ,
even when approximately known, may be represented in an arbitrary
figure like a tree, with no regard for the actual relations as experienced by a traveller, and with no interest in anything except the
allegorical correspondence.
One further characteristic of medieval space must be noted: space
and time form two relatively independent systems. First: the medieval
artist introduced other times within hi::; own spatial world, as when
he projected the events of Christ'::. life within a contemporary Italian
city, without the slightest feeling that the passage of time has made
a difference, just as in Chaucer the classical legend of Troilus and
Cressida is related as if it were a contemporary story. When a
medieval chronicler mentions the King, as the author of The Wandering Scholars remarks, it i::; 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 anachronism is meaningless when applied to medieval art: it is only
when one related events to a co-ordinated frame 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. Zenobiust three
different time are presented upon a single stage.
Recaus of this separation of time and space, things could appear
and di,appear suddenly, unaccountably: the dropping of a ship below
the horizon no more needed an explanation than the droppms of a
demon dO\\11 the chimney. There was no mystery about the pa f·~.
which they had emerged, no speculation as to the future
which they were bound: objects swam into vision and
with something of the same my tery in which the
of adult affects the experience of young children, 0018
efforts so much resemble in their organilation
medieval artist. In this ymbolic world of
thing was either a mystery or a miracle.
OGIl!l!l."o,,"

to,.,.
comma ..
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events was the cosmic and religious order: the true order of space
was Heaven, even as the tme order of time was Eternity.
Between the fourteenth and the seventeenth century a revolu.
tionary change in the conception of space took plu('e in Western
Europe. Space as a hierarchy of values was replaced by space as a
system of magnitudes. One of the indications of this new orientation
was the closer study of the relations of objects in space and the
discovery of the laws of perspective and the systematic organization
of pictures within the new frame fixed by the foreground, the
horizon and the vanishing point. Perspecti, e turned the symbolic
relation of objects 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 importance, but distance. Bodies did not exist
separately as absolute magnitudes: they were co-ordinated with
other Lodies within the same frame of vision 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 picture
and the image: hence a fresh interest in external nature and in ques·
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 Paolo Ucello onward.
The new interest in perspective brought depth into the picture
and distance into the mind. In the older pictures, one's eye jumped
from one part to another, picking up symbolic crumbs as taste and
fancy dictated: jn the new pictures, one's eye followed the lines of
linear perspective along streets, buildings, tessellated pavements
whose parallel lines the painter purposely introduced in order to
make the eye iLelf travel. Even the objects ill the foregronnd were
sometimes grote'quely placed and foreshortened in order to create
the same illusion. Movement became a new source of value: move·
ment for its 0\\11 ::iake. The measured space of the picture r '-enforced
the measured time of the clock.
Within this new ideal network of space and time all evmt noW
took place; and the most !'\ati~;factory event within thi ~)'::;t('m was
uniform motion in a !3traight line, for sllch motion lent ibelf
to accurate representation within Ihe system of spatial and temporal
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co-ordinates. One further consequence of this spatial order mu~t be
noted: to place a thing and to time it became essential to ont''s
understanding of it. In Renascence space, the existence of ohjects
must be accounted for: their passage tbrough time and space is a
clue to their appearance at any particular moment in any particular
place. The unknown is therefore no less determinate than the known:
given the roundness of the globe, the position of the Indies could be
assumed and the time-distance calculated. The very existence of such
an order was an incentive to explore it and to fill up the pa11s
that were unknown.
What the painters demonstrated in t.heir application of perspective, the cartographers established in the same c(~nlury in their new
maps. The Hereford Map of 1314 might have been d01l1! by a child:
it was practically worthless for navigation. That of Uccllo \; con.
temporary, Andrea Banco, 1436, was conceived on rational lines,
and represented a gain in conception as well as in practical accuracy.
By laying down the invisible lines of latitude and longitude, the
cartographers paved the way for later explorer -, like Columbus: a~
with the later scientific method, the ab~tract sy-stem 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 hi~ course toward an arbitrary
point, and return approximately to the place of (kparture. Both
Eden and Hea\'cn were out~ide the lIew space: and though they
lingered on as the osten-ihleubjecb of painting, the real ubjectwere Time and Space and Nature and :\1an.
Presentlv, 011 the basis laid down by the painter and the cartographer, an' interest in space as such, in mOH'mellt u:, such, in loco. as such, arose. I n bac k 0 fl·
. t ere~-t were, of course more
t 11S In
motIon
.
roa ds }1a d }}ccornc more ""eClire ve cls were
.
concrete a IteratIOn':

being built more 'oundly, above all, new inwntiolls-the magnetic
needle, the a trolabe, the ruuold er-I13(I Illa d·t
e I po-.sibJe to chart
. and
to hold a more accurate course at ,ea. The go ld of the Indle' andI
nso
ible
the fabled fountain of ),ollth an d}t 1e Itappy I. -Ie of endle
delight doubtless heckoned
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goals does not lessen the importance of the new schemata. The categories of time and space, once practically dissociated, had become
united: and the abstractions of measured time and measured space
undermined the earlier conceptions of infinity and eternity. since
measurement must begin with an arbitrary here and now even if
bpace 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. (It is interesting, however, to note that the very concept of
acceleration, which is part of our daily mechanical experience, was
not formulated till the seventeenth century.)
The signs of this conquest are many: they came forth in rapid
succession. In military arts the cross-bow and the ballista were re'
vived and extended, and on their heels came more powerful weapons
for annihilating distance the cannon and later the musket. Leonardo
conceived an airplane and built one. Fantastic projects for flight were
canvassed. In 1420 Fontana described a velocipede: in 1589 Gilles
de Born of Antwerp apparently built a man-propelled wagon: restless
preludes to the vast efforts and initiatives of the nineteenth century.
As with so many elements in our culture, the original impulse was
imparted to this movement by the Arabs: as early as 880 Abu
l-Qasim had attempted flight, and in 1065 Oliver of Malmesbury
had killed him ·elf in an attempt to soar from a high place: but from
the fifteenth century on the desire to conquer the air became a
recurrent preoccupation of inveutive minds; ancI it was cloue enough
to popular thought to make the report of 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 hecame greater: conceptually, modern culture
launched it eH into space and gave it eH over to movement. What
Max Weher called the "romanticism of numbers" grew naturally out
of this interest. In time-keeping, 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 n~mb~rs had still another aspect, important
for the development of sClentlfic habits of thought. This was the rise
of capitalism, and the change from a barter economy, facilitated b
small supplies of variable local coinage, to a money economy'
an international credit structure and a constant reference to the
abstract symbols of wealth: gold, drafts, bills of exchange, eventually
merely numbers.
From the standpoint of technique, this structure had its origin in
the towns of Northern Italy, particularly Florence and Venice, in
the fourteenth century; two hundred years later there was in existence
in Antwerp an international Lourse, devoted to aiding speculation in
shipments from foreign ports and in money itself. By the middle
of the sixteenth century book-keeping by double entry, bills of exchange, letters of credit, and speculation in "future " were all developed in essentially their modern form. 'Whereas the procedures of
science were not refined and codified until after Galileo and Newton,
fiuance had emerged in its present.day dress at the very beginning
of the machine age: Jacob Fugger and J. Pierpont Morgan could
understand each other's methods and point of view and temperament
far better than Paracelsus and Einstein.
The dev lopment of capitali m brought the new habits of abstraction and calculation into the lives of city people: only the country
folk, still existing on their more primitive local basis, were partly
immune. Capitalism turned people from tangibles to intangible: ita
symbol, as Sombart observes, is the account book: "its life-value lies
in it profit and loss account." The "economy of acquisition," which
had hitherto been practiced by rare and fabulous creature. like •
and Croesus, became once more the everyday mode: it
replace the direct "economy of needs" and to substitute
for life-values. The whole process of busineu took
more an abstract form; it was concerned with DOIHIG
imaginary futures, hypothetical Bainl.
Karl Marx well summed up thie new _ . "Since money does not diacloee what baa ....
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tell.'
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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 is thrown and out of which
everything is recovered as crystallized money. Not even the bones of
the saints are able to withstand this alchemy; and still less able to
withstand it are more delicate things, sacrosanct things which are
outside the commercial traffic of men. Just as all qualitative dif.
ferences between commodities are effaced in money, so money, a
radical leveller, effaces all distinctions. But money itself 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 life and thought:
the quest of power by means of abstractions. Otle abstraction reenforced 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
capital expenditures for wars, foreign conquests, mines, productive
enterprises . . . more money 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 thousand: but what was to prevent him from seeking by conquest and
taxes to multiply by thousands the riches in his treasury? Under
a money economy, to speed up the process of production was to
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, Looks, even gold itself were all relatively 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-
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dreams of the pecuniary day-dreamer," as Veblen observed, "take
shape as a calculus 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 purely quantitative representation of it in tokens and symbols: to think in terms of mere
weight and number, to make quantity not alone an indication of value
but the criterion of value-that wa' the contribution of capitalism
to the mechanical world-picture. So the abstractions of capitalism
preceded the abstractions of modem science and re-enforced at every
point its typical Ie sons and its typical method of procedure. The
clarification and the convenience, particularly for long distance trading in space and time were great: but the social price of these
economies was a high one. Mark Kepler's word~, publi..,ht'd in 1595:
"As the ear is made to perceive sound and the e 'e to perceive color,
so the mind of man has been formed to understand, not all sorts of
things, but quantities. It p >rceives any given thing more clearly in
proportion as Ulat 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 Royal
Society in London-indeed some of the first experimenters in the
phy ical sciences-were merchant" from the City? King Charles II
might laugh uncontrollably when he heard that the~e gentlemen had
sp nt their time weighing air; but their instincts were ju tified, their
procedure was correct: the method itself belonged to their tradition,
and thele was money in it. The power that was science and the power
that wa money were, in final analysis, the same kind of power: the
power of abstraction, measu rement, quantification.
But it was not mer 1y in the promotion of ab tract habits of
thought and pragmatic intere t and quantitative estimations that capitalism prepared the way for modern technics. From the beginning
machine and factory production, like big guns and armament t made
direct demands for capital far abov~ the mall advances nece sary to
provide the old.style handicraft worker with tools or keep him alive.
The freedom to operate independent workshops and factories, to
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machines and profit by them, went to th08e 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 glass-making, coalmining, and iron-works right down to modern times, the new mechanical invelltions lent themselves to exploitation by the merchant daslSelS.
The incentive to mechanization lay in the greater profits that could
be extracted through the multiplied pm,,"er and efficiency of the
machine.
Thus, although capitalism and technics must be clearly distinguished at every stage, one conditioned the other and reacted upon
it. The merchant accumulated capital by widening the scale of his
operations, quickening his turnover, and discovering new territories
for exploitat iUIl: the inventor carried on a parallel process by exploiting new methods of production and devising new things to be
produced. Sometimes trade appeared as a rival to the machine by
offering greater opportunities for profit: sometimes it curbed further
developments in or-ucr to increase the profit of a particular monopoly:
hoth motives are still operative in capitalist society. From the first,
there were di~parities and conflicts between these two forms of exploitation: but trade was the oluer pa11ner and exercised a higher
authority. It wa- trade that gathered up new materials from the
Indies and from th:? Americas, new foods, new cereals, tobacco,
fur~: it was trade that found a new market for the trash that was
turned out by eighteenth century mass-production: it was tradeabetted j)y war-that ueveloped the large-scale enterprise:; and the
administrative capacity and method that lnade it possible to create
the ilHlllstrial ~y~tem as a whole and weld together its various parts.
\Vhether machines would have been inventeu so rapiuly and
~llshed so zealously without the extra incentive of commercial profit
IS extremely doulJtful: for all the more sk illed handicraft occupations
were deeply entrenched, and the introduction of printing, for example: .was delayeu as much as twenty years in Paris hy the hitter
OppO~JtlOn of the guild of ~cribes anu copyists. But while technics
unuoubtedly owes an honest uebt to capitalism, as it does likewise
to war, it was nevertheless unfortunate that the machine was condi-
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tioned, at the outset, by these foreign institutions and took on characteristics that had nothing essentially to do with the technical processes or the forms of work. Capitalism utilized the machine, not to
further social welfare, but to increase private profit: mechanical
instruments were u ed for the aggrandizement of the ruling classes.
It was because of capitalism that the handicraft indu~tries in both
Europe and other parts of the world were recklessl y de~troyed hy
machine products, even when the latter were inferior to the thing
they replaced: for the prestige of improvement and success and power
was with the machine, even when it improved nothing, even when
technically speaking it was a failure. It was because of the possibilities of profit that the place of the machine was overemphasized
and the degree of regimentation pushed beyond what was necessary
to harmony or efficiency. It was because of certain traits in private
capitalism that the mac;hine--which was a neutral agent-has often
seemed, and in fact has sometimes been, a malicious element in
society, careless of human life, indifferent to human intere~ts. The
machine has suffered for the sins of capitalism; contrariwise, capitalism has often taken credit for the virtues of the machine.
By supporting the machine. capitali m quickened its pace, and
gave a special incentive to preoccupation with mechanical improvements: though it often failed to reward the inventor, it succeeded by
blandishments and promises in stimulating him to further effort. In
many departments the pace was over-accelerated, and the stimulus
was over-applied: indeed. the necessity to promote continual changes
and improvements, which has been characteri tic of capitalism, introduced an element of instability into technics and kept society from
assimilating its mechanical impro\-ements and integrating them in an
appropriate social pattern. As ('a pitalism itself has developed and
expanded, these vices have in fact grown more enormous, and the
dangers to society as a whole have likewise grown proportionately.
Enough here to notice the close historical association of modern
technics and modern capitalism, and to point out that, for all this
historical development, there is no necessary connection between
them. Capitalism has existed in other civilizations, which had
relatively low technical development; and technics made steady -
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provements from the tenth to the fifteenth century '~ithollt the special
incentive of capitali~m. But the style of the machwe has up to the
present heen powerfully influenced hy capitalism: the emphasis upon
higness, for examplr, is a commercial trait; it appeared in guild halls
and merchants' houses long before it was evident in technics, with its
originally modest scale of operations.

5: From Fable to Fact
Meanwhile, ,\"ith the transformation of the concepts of time and
space went a change in the direction of interest from the heavenly
world to the natural onc. Around the twelfth century the supernatural
world, in which the European mind had been enveloped as in a
cloud from the decay of the classic schools of thought onward, began
to lift: the heantiful culture of Provence whose language Dante
himself had thought perhaps to use for his Divine Comedy, was the
first bud of the new order: a hud destined to be savagely blighted
by the Albigenjan crusade.
Every (;ulture lives within its dream. That of Christianity was one
in whidl a fahulous heavenly world, filled with gods, saints, devils,
demons, angels, archangels, cherubim and seraphim and dominions
and powers, :,l1ot it5 fantastically magnified shapes and images across
the actual life of earthborn man. This dream pervades the life of a
culture as the fantasie- of night dominate the mind of a sleeper: it
is reality-while the ~lecp lasts. But, like the sleeper, a culture lives
within an ohjective world that goes on through its sleeping or waking,
alld sometimes breaks into the dream, like a noise, to modify it
or to make further sIt'ep impossihle.
B~ a :-.low natural pro('es~, the world of nature broke in upon the
medieval dream of hell and paradise and eternity: in the fresh
natura 1i~tic sell I pture of the thi rteenth century churches one can
wa~"h th~ fir!-'t unea,,), stir of the sleeper, as the light of morning
.. tnkes. JIIS eves
th e crd
" ft-sman,s .mtf!rest III
. nature ,'.:as a
J
' . At fir"t
"
confu!"cd one: ~ide by ~ide with the fine carving' of oak leave and
h~wthorn sprays, faithfully copip.d, tenderly arranged, the seulptor
~tJlll'reated
. '!>lrange monst
. ers, ga' rgoy Ies, Ch'Imeras, legendary heasts.
But the mterest in nature ste
~ a d·l
J y b roa d ene d an d beca me more con-
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phYSIOlogists.
"In
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.as Emile M:tle ,
(
Wl11Ch a mun fOimed for 11ll1lself was always.. mor-e l·eal tIl an tl Ie aetua1
CClltlll,!'e'~ 1,
thing itself, and we see wh J.... thcse nl\'~ti("'ll
• ~
,
lei(I no conception of what men nov,' call science. The "tllJy of thing for their
TI1e t·k
own sake llelc1 110 meaning for the thoughtful nl'ln
a~
for the stullcnt of nature wa " to di:;ct'r11 the eternal truth that God
would have each thing express." In e~1 aping this attitll!le, the vulgar
had an advantage over the learned: their mind' were le,;s capable
of forging tlleir own shackles. A ratiollal common l"ense interc t in
Nature wa~ not a product of the new da:ssical learning of the Bella,cence; rather, one must say, that a few centurie· after it had flourished among the peasants and the ma:,on~, it made it~ \\a)' 1Iy another
route into the court and the study and the univer ity. Villard de
Honnecou rt \; notebook, the precious beque"t of a great ma~ter-mason,
has drawings of a bear, a swan. a gra~JlOpper, a fly, a draf!;onfly, a
lobster, a lion and a pair of parroqut'ts. all done directly. from life.
The book of Nature reappeared, as in a palimpsest, through the heavenly book of the Word.
During the 1\Iiddle Ages the external world had had no conceptual
hold upon the mind . .I. iatural facb were in~ignificant compared with
thl'! divine order and intention which Chri~t and his Church had
revealed: the yisiLle world was merely a pledge and a symbol of
that Etcrnnl \\'orld of whose Llis~e- and damnations it gave such a
keen foreta:'-te. People ate and drank and mated, hasked in the sun
and grew solemn under the ::.tnr ; Lut there was little meaning in this
immediate state: whateyer significance the items of daily life had
was as stage accessorie-- and co~tumes and rehearsals for the drama
of Man's pilgrimage through eternity. How far could the mind go
in ,cicntific men "mation and ob"crvation as long as the my tic numLer::. three :llld four and seven and nine and twelve filled every relaI ion with 11 Il i1l1<. gorical ign ificance. Before the sequences in nature
could he studied, it was neces_ury to discipline the imagination and
sha rpcl1 the vision: mystic second sight OlUl;t be converted into factual
L
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fust sight. The artists had a fuller part in this discipline than they
have usually been credited with. In enumerating the many parts of
nature that cannot be studied without the "aid and intervening of
mathematics," Francis Bacon properly includes perspective, music,
architecture, and engineering along with the sciences of astronomy

and cosmography.
The change in attitude toward nature manifested itself in solitary
figures long before it became common. Roger Bacon's experimental
precepts and his special researches in optics have long been commonplace knowledge; indeed, like the scientific vision of his Elizabethan
namesake they have been somewhat overrated: their significance 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 conformation 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 avoided mountains
as mere terrifying obstacles that increased the hardships of travel:
they sought them and climbed them, for the exaltation that comes
from the conquest of distance and the attainment of a bird'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 fact, were resolute steps toward the delineation
of nature: 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 to Vesalius, whose life overl~pped his. In the sixteenth century, according to Beckmann, there
were numerous private natural history collections, and in 1659 Elias
Ashmole 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 part
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 conquered, and finally, to be understood. Dissolving, the medieval dream disclosed the world of nature, as a lifting mi!"t opens to
view the rocks and trees and herds on a hillside, whose existence had
been heralded only by the occasional tinkling of bells or the lowing
of a cow. Unfortunately, the medieval habit of separating the soul of
man from the life of the material world persisted, thuugh 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 picture. 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 ab'straction, or,
what comes to almost the same tbing, to diminate every part of
himself except that which wa bent on seizing power.

6: The Obstacle of Animism
The great series of technical improvements that began to erypl.
lize around the sixteenth century rested on a dissociation of the
animate and the mechanical. Perhaps the greatest difficulty in the
way of this dissociation was the persistence of inveterate habits of
animistic thinking. Despite animism, such dissociations had indeed
been made in the past: one of the greatest of such act~ ~I ~
invention of the wheel. Even in the. relatively advanced c~vil~:
of the Assyrians one sees representations of great statues beIng mo
f the tIIIl
.
across bare ground on a sledge. Doubtless the notion 0
•
came originally from observing that rolling a log was ~~
shoving it: but trees existed for untold year~ an~ the
trees had gone on for many thousands, in all likelihood. betneolithic inventor performed the stunning act of
made possible the cart.
So long as every object, animate or mui..·.,
as the dwelling place of a spirit, 80 10Dl ..
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ship to behave like a living creature, it was next to impossiLle to
isolate as a mechanical sequence the special function one sought to
serve. Just as the Egyptian workman, when he made the leg of a
chair, fashioned it to represent the leg of a bullock, so the desire
naIvely to reproduce the organic, and to conjure up giants and djinns
for power, instead of contriving their abstract equivalent, retarded
the development of the machine. Nature often assists in such aLstrac.
tion: the swan's use of its wing may have suggested the sail, even
as the hornet's nest suggested paper. Conversely, the body itself is
a SOlt 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 a
hammer, the nerves are a telegraph system connected with a central
station: but on the whole, the mechanical instruments were invented
before the physiological functions were accurately described. The
most ineffective kind of machine is the realistic mechanical imitation
of a man or another animal: technics remembers Vaucanson for his
loom, rather thrln for his life-like mechanical duck, which not merely
ate food but went through the routine of digestion and excretion.
The original advances in modern technics became possihle only
when a mechanical system could be isolatf'd from the entire tissue
of relations. Not merely did the first airplane, like that of Leonardo,
attempt to reproduce the motion of birds' wings: as late as 1897
Ader's batlike airplane, which now hangs in the Conservatoire des
Arts et Metiers in Paris had its ribs fashioned like a bat's hody,
and Ule very propellers, as if to exhaust all the zuological po si·
bilities, were made of thin, split wood f as much as possible like birds'
feathers. Similarly, the belief that reciprocating motion, as in the
movement of the arms and legs, was the "natural" form of motion
was used to justify opposition to the original conception of the
turbine. Branca's plan of a steam.engine at the beginning of the
seventeenth century showed the boiler in the form of the head and
torso of a man. Circular motion, one of the most useful 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
cou.rae, and except for the rotifers, man himself, in occasional dances
.u. Iaand8priDp, i the chief exponent of rotary motion.
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The specific triumph of the technical imagination rested on the
ability to di sociate lifting power from the arm and create a crane:
to dissociate work from the action of men and animals and create
the water-mill: to dissociate light from the cumbustion of wood and
oil and create the electric lamp. For thou ands of years a.nimism
had stood in the way of this development; for it had concealed the
entire face of nature hehind a scrawl of human forms: even the stars
were grou ped together in the living figure of Castor and Pollux or
the Bull on the fa intest points of re 'emblance. Life, not content with
its own province, had flowed incontinently into stones, rivers, stars,
and all the natural elements: the external environment, because it
wa~ so immediately pru t of man, remained capricious, mischievous,
a refiedion of his 0\\11 di~oHlered urge and fears.
Since the world seemed, in e~sence, animistic, and since these
"external" powers threatened man, the only method of escape that
his own will-to·power could follow was either the discipline of the
self or the conquest of other men: the way of religion or the way
of war. I shall discuss, in another place, the special contribution
that the technique and animus of warfare made to the development
of the machine; as for the discipline of the personality it was e sentially, during the Middle Ages, the province of the Church, and it
had gone farthest, of course, not among the peasants and noblel,
still clinging to es entially pagan ways of thought, with whi~ the
Church had expediently compromised: it had gone fartheBt lD
monasterie and the univer -itie .
Here animism was extruded by a sense of the omnipot.,.
single Spirit, r fined, by the very enlargement of Hi d . •
any emhlance of merely human or anim~l ca~~it~. ~•...~
created an orderly world, and his Law prevailed m It. Hli aCII.
perha pin. crutable; but they were not capricious: the lfIIlG
of the religious life was to create an attitude of h_1I
ways of God and the world he had created. If the
of the Middle Ages remained uperatitioUi alld
physical doctrines of the Schoolmen were is
gist of the matter was that God'. oriel -~;
only the church could form a bridp . . . . .
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The meaning of this division did not fully become apparent until
the Schoolmen themselves had fallen into disrepute and their inheritors, like Descaltes, had begun to take advantage of the old
breach by describing on a purely mechanical basis the entire world
of nature-leaving out only the Church's special province, the soul
of man. It was by reason of the Church's belief in an orderly independent world, as Whitehead has shown in Science and the Modern
World, that the work of science could go on so confidently. The
humanists of the sixteenth century might frequently be sceptics and
atheists, scandalously mocking the Church 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 to the Machine. For God became in the eighteenth century the
Eternal Clockmaker who, having conceived and created "find wound
up the clock of the universe, had no further responsibility until the
machine ultimately broke up-or, as the nineteenth century thought,
until the works ran down.
The method of science and technology, in their developed forms,
implies a sterilization of the self, an elimination, as far as possible,
of the human bias and preference, including the human pleasure in
man's own image and the instinctive belief in the immediate presentations of his fantasies. What better preparation could a whole culture have for such an effort than the spread of the monastic system
and the multiplication of a host of separate communities, dedicated
to the living of a humble and self-abnegating life, under a strict 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 indio
vidual self was suspended in the collective routine.
Like the machine, the monastery was incapable of self.perpetuation
except by renewal 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
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and disciplined and focussed the masculine will-to-power: a succession of military leaders came from the religious orders, while the
leader of the order that exemplified the ideals of the Counter-Refor.
mation began his life as a soldier. One of the first experimental
scientists, Roger Bacon, was a monk; so, again, was Michael Stifel,
who in 1544 widened the use of symbols in algebraic equations; the
monks stood high in the roll of mechanics and inventor . The spiritual
routine of the monastery, if it did not positively favor the machine,
at least nullified many of the influences that worked against it. And
unlike the similar discipline of the Buddhists, that of the Western
monks gave rise to more fertile and complex kinds of machinery than
prayer wheels.
In still another way did the in titutions of the Church perhaps
re are the way for the machine: in their contempt for the body.
~o! respect for the body and its organs is deep in all the classic
cultures of the past. Sometimes, in being imaginatively projected,
the body may be displaced symbolically by the part~ or ~rg~ns ~f
another animal, as in the Egyptian Horus: b~lt the ~UbStltutlOn IS
made for the sake of intensifying some orgamc qualIty, t~le p~wer
of muscI e" eye genitals . The phalluses that were earned m a
religious procession were greater and more powerful: by represen·
· n than the actual human organs: so, too, the Images of the
t a t 10 ,
.
• l'
Tl
h 1
gods might attain heroic size, to accentuate then v.lta Ity. Ie woe
. I Ole
f l ' f 111
. the old culture~~ tended to emphaSize respect for the
ntua
h
body and to dwell on its beauties and delight~: even the monk w 0
painted the Ajanta caves of India were under Its spell. The enthron~.
ment of the human form in sculpture, and the care of the body ~
the palestra of the Greeks or the baths of the Romans, re-enforce
.
Th I nd about Procrustes
this inner feeling for the orgamc.
e ege
l ' st
typifies the horror and the resentment that classic peoples ~e .t agam
the mutilation of the body: one made beds to fit human emgs, one
.
d yen
did not ehop off legs or heads to fit beds.
,e
h b d y BU rely never dlsappeare
Thi' affirmative sense 0 f teO
•
£1 vel
.
f Ch' . ·t· every new pan 0 0
during the severest trmmphs 0
nstlam y.
h
S' °larly
. h . I d Ii ht in each ot er. Iml
,
recovers it through then p YSlca. e grin the Middle Ages we •
the prevalence of gluttony as a sm du g
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witness to the import~nce of the ,belly. But the 5y~t,ematic teachings
of the Church were dIrected agamst the body and Its CUltUle': if on
onc 11and it was a Temple of the Holy Ghost, it was also vile and
sinful by nature: the flesh tended to corruption, and to achieve the
pious ends of life one mu~t mortify it and subdue it, lessening its
appetites hy fasting and abstention. Such was the letter of the
Church's tearhing; and while one cannot suppose that the mass of
humanity kept close to the letter, the feeling against the hoJy's
exposure. ib use~, its celebration, was there.
",,'hile puIllie hath houses were common in the l\Iiddle Ages, con.
trarv
to the complacent superstition that developed after the Renas·
,
rence abandoned them, those who were truly holy l1t"glected to bathe
the body; they chafed their skin in hair shirts, they whipped them·
selves, they turneu their eyes with charitaJlle interest upon the sore
and leprous and ueformed. Hating the body, the orthodox minds of
the Middle Ages were prepJreu to uo it violence. Instead of resenting the machines that could counterfeit this or that action of the
body, they could welcome them. The forms of the machine were no
more ugly or repulsive than the bodies of crippled and Lattereu men
and women, or, if they were repul ive and ugly, they 'were that much
further away from being a temptation to the flesh. The writer in the
Niirnberg Chronicle in 1398 might say that "wheeled engines performing strange tasks and shows and follies come directly from the
devil"-but in spite of itself, the Church was creating devil's
disciples_
The fact is, at all events, that the machine came most slowly into
agriculture, with its life-conserving, life-maintaining functions, 'while
it prospered lu tily precisely in those parts of the environment where
the body was most infamously treated by custom: name! y, in the
monastery, in the mine, on the battlefield.
7: The Road Through Magic
Between fantasy and exact knowledge, between
nology, there is an intermediate station: that of
magic that the general conquest of the external
decisively instituted. Without the order that the

drama and techmagic. It was in
environment was
Church provided
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the campaign would po~siLly have been unthinkable; but without the
wild, scramblprt da ring of the magicians the first positions would not
have been taken. For the magicians not only believed in marvels hut
audaciously sought to ,work them: hy their straining after the exceptional, tbe natural plulosophers who followed them were first given
a clue to the regular.
The drf'am of conquering nature is one of the oldest that has
flowed alld c1,\wd in man' mind, Each great epoch in human hi tory
in which this will Ita:'> found a po-.itive outlet marks a ri e in human
culture and a permanent contrihution to man's security and wellbeing. Prometheus, the flre-bringer, ~tands at the beginning of man's
conquest: for fire not mf'rely made po~~ihle the easier digestion of
foods, but its flames kept off predatory animals, and around the
warmth of it, during the coluer sea::-on' of the year, an active social
life became posihle, beyond the mere huddle and vacuity of the
winter's sleep. The ~low advance' in making tool, and weapons and
utensils that m:.nkeu the earlier ~tone periods were a pede.trian
conque~t of the environment: gain .. hy inches. In the neolithic period
came the fir~t grt'at lift, with the dome--til'ation of plants and animals,
the making of orderly and effective astronomical observations, and
the spre~HI of a relatively peaceful big- tone civilization in many
lands separated over the planet. Fire-making, agriculture, pottery,
a~tronomy, we're marvellous collective leaps: domination rather ~
adaptations. For thou"anu~ of year men must have dreamed, vaialy,
of further short-cut' and controls.
Beyond the great anu perhaps relatively short period of
invention the advances, up to the tenth century of our own er
been relatiyely small except in the use of metal. But the
of some larger C'onque t, some more fundamental revenal
dependent relation upon a merciless and inditTerent exi. . .
continued to haunt his dreams and even his prayers:
fairy l'tories are a testimony to his desire for pl,erri·tacI.
for freedom of movement and length of days.
,.t.o'':~
Looking at the bird, men dreamed of flip!:
most universal of man's envies and d i : .61_
Greeks, Ayar Kat i, the flying man, amOlll
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say nothing of Hah and Neith, Astarte and Psyche, or the Angels
of Chri::-tianity. In the thirteenth century, this dream reappeared
prophetically in the mind of Roger Bacon. The flying carpet of the
Arabian Nights, the ~even.leagued Loots, the wishing ring, were all
evidences of the desire to fly. to travel fast, to diminish space, to
remoye the oh ... tacle of distance. Along with this went a fairly con.
stant de'ire to deliver the body from it , infirmities, from its early
aging, which dries up its powers. and from the diseases that threaten
life even in the mid t of vigor and youth. The gods may be defined
as heings of somewhat more than human stature that have these
powers of defying space and time and the cycle of growth and
decay: even in the Christian legend the ability to make the lame
walk and the blind see is one of the proofs of godhood. Imhotep and
Aesculapiu', by reason of their skill in the medical arts, were raised
into deities by the Egyptians and the Greeks. Oppressed by want
and starvation, the dream of the horn of plenty and the Earthly
Paradise continued to haunt man.
It was in the ~orth that these myths of extended powers took on an
added firmness, perhaps, from the actual achievements of 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 Siegfried-Ilmarinen of the Finns,
who made a steel eagle, and Wieland, the fabulous German smith,
who made feather clothes for flight. Back of all these fables, these
collective wi.;;hes 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 organism
and conjures up appropriate goals. B~t when the dream strides too
far ahead of fact, it tends to short-cireuit action: the anticipatory
subjective pleasure serves as a surrogate for the thought and con·
trivance and action that might give it a foothold in reality. The disembodied desire, unconnected with the conditions of its fulfillment
or with its means of expression, leads nowhere: at most it contributes
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to an inner cq~i1ib~ium ..How difficult wa.s the discipli:le required
before mechan~ca~ llIventJOn Ler'arne ~o-slble one sees in the part
played by magic 111 the fifteenth and lxtcenth centuries.
Magic, 1ike pure fantasy, was a hort cut to knowledge and power.
But even in the most primitive form of ~hamani,.,rn, magic involves
a drama and an action: if one wishes to kill one's enemy Ly magic,
one must at leat mould a wax figure and stick pins into it; and
similarly, if the need for gold in early capitalism promoted a grand
quest for the means of transmuting ha~e metals into noble ones, it
was accompanied by fumbling and frantic attempts to manipulate the
external environment. Under magic, the experimenter acknowledged
that it was necessary to have a sow's ear before one could make a
silk purse: this was areal advance toward matter-of·fact. "The
operations," as Lynn Thorndike well ~ays of magic, "were supposed
to be efficacious here in the world of . xternal reality": magic pre·
supposed a public demonstration rather than a merely private grati·
fication.
No one can put his finger on the place where magic became
science, where empiricism Lecame sy=:tematic experimentali::;m, where
alchemy became chemistry, where a~trology Lecame astronomy, in
short, where the need for immediate human results and gratifications
ceased to leaye its smudgy imprint. Magic was marked above all
perhaps by two ullscientific qualitie : hy secrets and mystifications,
and by a certain impatience for "results:' According to Agricola
the transmutationists of the !:-ixteenth century did not hesitate to conceal gold in a pellet of ore. in OHler to make their experiment come
out successfully: similar dodges, like a concealed dock·winder, were
used in the numerous perpetual motion machines that were put
forward. Everywhere the dross of fraud and charlatanism mingled
with the occasional grains of scientific knowledge that magic utilized
or produced.
But the llLtruments of research were developed before a method
of procedure wn. found; and if gold did not come out of lead in
the experiment- of the alchemists, they are not to be repz:oa~hed ,for
their ineptitude but congratulated on their audacity: their un..
tions sniffed quarry in a cave they could not penetrate, and
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The source of authority for the magIcIans ceaseu to be An~totle anu
the Fathers of the Church: they relied upon what their hands could
do and their eyes could see, with the aiu of mortar and pestle and
fumace. Magic rested on demonstration rather than dialectic: 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 to the external world: it suggested 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
chemistry emerged, to enrich us far beyond the simple dreams of
the gold-seekers. The herbalist, zealous in his quest for simples and
cure-aUs, led the way for the intensive explorations of the botanist
and the physician: despite our boasts of accurate coal tar drugs, one
must not forget that one of the few genuine specifics in medicine,
quinine, comes from 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 life, so did magic
anticipate modern science and technology: it was chiefly the lack of
direction that was fantastic: the difficulty was not in using the instrument 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 longer tainted with charlatanism, was just as fantastic. It
needed centuries of systematic effort to 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,
seeking to inflate their private egos with boundless wealth and mysterious energies, surmounted even their practical failures: their
hopes, their crazy dreams, their cracked homunculi continued
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to gleam in the ashes: to have dreamed so riotously was to make the
technics that followed le:;~ incredible and hence less impossible.
8: Social Regimentation

If mechanical th inking and ingenious experiment produced the
machine, regimentation gave it a soil to grow in: the social process
worked huud in hand with the new ideology and the new technics.
Long before the peoples of the Western World turned to the machine,
mechanism as an element in social life had come into exi~tence.
Before inventors created engines to 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 for the pyramids, pulling in rhythm
to the crack of the whip, the slaves working in the Roman galley,
each man chained to hi ~eat and unable to perform any other motion
than the limited mechanical one, the order and march and system
of attack of the l\Iacedonian phalanx-these were all machine
phenomena. Whatever limit the actions and movement of human
beings to their bare mechanical elements belongs to the physiology,
if not to the mechanics, of the machine age.
From the fifteenth century on invention and regimentation worked
reciprocally. The increa:;e in the number and kinds of machines,
mills, guns, clocks, lifelike automata, must have suggested mechanical attributes for men and extended the analogies of mechanism to
more suhtle anu complex organic facts: by the seventeenth century
this t11rn of interest disclosed it elf in philosophy. Descartes, in
analyzing the physiology of the human body, remarks that its funetioning apart from the guidance of the will does not "appear at aU
strange to those who are acquainted with the variety of movemea
performed by the different automata, or moving machines fabrilca1t.ed
by human industry, and with the help of but a few pieces COJll(Nd
with the great multitude of bones, nerves, arteries, vein
parts that are found in the body of each animal. Such pe.r-~
look upon this hody as a machine made by the hand
the opposite process was also true: the mechanizatiOll
prepared the way for mechanical imitations.
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To the degree that fear and disruption prevail in society, men tend
to seek an absolute: if 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 self.imposed disciplines, the other phenomenon, related
to it, but compulsively drawing society into a regimented mould, was
the methodical routine of the drillmaster and the book.keeper, the
soldier and the bureaucrat. 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 order 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 representative as a tale
not only because it was the work of one of the new breed of writers,
the professional journalists, but because 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 virtues 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 liberating force from medieval routine and
undeserved cen~ur~ as the original source and spiritual justification
of modern capltahsm. But the peculiar office of Protestantism was
to unite finance to the concept of a godly life and to turn the
asceticism countenanced by reI igion 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 beliefs 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 devil. Life, in all
its sensuous variety and warm delight, was drained out of the
Protestant's world of thought: the organic disappeared. Time was
real: keep it! Labor was real: exert it! Money was real: save it!
Space was real: conquer it! Matter was real: measure it! These
were the realities and the imperatives of the middle class philosophy.
Apart from the surviving scheme of divine salvation all its impulaee
were already put under the rule of weight and measure and quantity:
day and life were completely regimented. In the eighteenth century
Benjamin Franklin, who had perhaps been anticipated by the JeslIi
capped the process by inventing a system of moral book.keeping.
How was it that the power motive became isolated and int .
toward the close of the Middle Ages?
Each element in life forms part of a cultural mesh: ODe
implicates, restrains, helps to express the other. During tho
the mesh was broken, and a fragment escaped and laundte
on a separate career-the will to dominate the enviroDllHll
nate, not to cultivate: to seize power, not to achieve fo
plainly, embrace a complex series of events in
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alone. Another factor in the change ma y have lwcn due to an inlen -ifled sen~e of inferiorit) : this perhaps aro 'C through the humiliating
disparity between man's ideal pretensions and his real accomplishments-between the charity and peace preached by the Church and
jts eternal wars and feuds and animosities, bctween the holy life 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 hy grace. hannollization of desires, the Christian virtues, people sought, perhaps, to wipe
out their sense of inferiority and overcome their frustration by seek-

.

109 power.
At all events, the old synthesis had broken down in thought and in
social action. In no little degree. it had broken down because it was
an inadequate on(': a closed, perhaps fundamentally neurotic conception 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 putrefaction and decay. So
remote were the attitudes and concepts of 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,
by new methods of observation and experiment, 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 wide to be bridged: human life had a destiny ou tside that shell. The crudest science touched closer to contemporary
truth than the most refined schola ticism: the clumsiest steam engine
or spinning jenny had more efficiency than the soundest guild regulation, and the paltriest factory and iron bridge had more promise for
architecture than the most masterly b11 ildings of Wren and Adam;
the first yard of cloth woven by machine, the fIrst plain iron casting,
had potentially more e thetic interest than jewelry fashioned by a
Cellini or the canvas covered by a Reynold~. In ~JlOrt: a live machine
was hetter than a dead organism; and the organism of medieval

culture was dead.
F rom the fifteenth century to the seventeenth men lived in an
empty world: a world that was daily growing emptier. They said
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their prayers, they repeated their formulas; they even sought to
retrieve the holinpss they had lost by resurrecting superstitions
they had long abandoned: hpnce the fierceness and hollow fanaticism
of the Counter-Reformation, its burning of heretics, its persecution
of witches, preci ely in the mi<.ht of the growing "enlightpnment."
They threw themselves back into the medieval dream with a new
intensity of feeling, if not conviction: they carved and painted and
wrote-,,,ho indeed ever hewed more mightily in tone than Michelangelo, who wrote with more spectacular ecstasy and vigor than
Shakespeare? But beneath the surfal~e 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 fountain , for it is just at the moment of
cultural and social dissolution that the mind often works with a
freedom and intensity that i:5 not possiLle when the social pattern is
stable and life as a whole is more satisfactory: but the idolum ibelf
had become empty.
Men no longer believed. without pra~tical reservations, in heaven
and hell and the communion of the saints: still Ie '5 did they believe
in the smooth gods and goddesses and sylphs and muses whom they
used, with elegant but meaningle :5 gestures, to adorn their thoughts
and embellish their environment: the e supel'llatural figures, though
they were human in origin and in consonance with certain stable
. human needs. had become wraith~. Obserye the infant Jells of a
thirteenth century altarpiece: the infant lies on an altar. apart; the
Virgin is transfixed and beatified by the presence of the Holy
Ghost: the myth is real. Ohserve the Holy Famil ies of the sixteenth
and seventeenth century painting: fashionable young ladies are
coddling their well-fed human infants: the myth has died. First only
the gorgeous clothes nre left: final1y a doll takes the place of the
living child: a mechanical puppet. Mechanics became the new religion, and it gave to the world a IH.'W ~tessiah: the machine.
9: The Mechanical Universe
The issues of practical life found their justification and their
appropriate frame of ideas in the natural philosophy of the sev~
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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 undermineJ by the further pursuit
of science itself. A series of thinkers, Bacon, Descartes, GaIileo ,
Newton~ Pascal, defined the province of science, elaborateJ its
special technique of research, and demonstrated its eHit:acy.
At the beginning of the seventeenth century there were only scattered efforts of thought, some scholastic, some Aristotelian, ,_orne
mathematical and scientific, as in the astronomical observations of
Copernicus, Tycho Brahe, and Kepler: the machine had had only
an inciJental part to play in these intellectual advances. At the end,
despite the relative sterility of invention itself 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 for further technical improvements: the
mechanical Weltbild had come into existence. Mechanics set the
pattern of successful 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 basis 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 attention only
to those aspects of events which could be weighed, measured, or
counted, and to the particular kind of space·time sequence that could
be controlled and repeated-{)r, as in astronomy, 'whose repetition
could be predicted. Second: concentration upon the outer world,
and the elimination or neutralization of the observer 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 commOD human experience: it is just those aspects of this experience
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that. lend themselves to accurate factual observation and to
crallzed
.
. statements. One may define a mecha'
mea1 system as gen·
one
111 wluch any ralldom sample of the whole will serve 10
. pace
1
0f
the whole: an ounce of. pure water in the laborato'
ry IS supposed to
ha ve the
. same . propeltles as a hundred cubic feet of equa11y pure
water m th~ cI~tcrn an~ the environment of the object is not supposed to aflect Its behaVIOr. Our modern concepts of space and time
make it se~~ clou~tful if any pure mechanical system really exists:
but the ongmal bIas of natural philosophy was to discard organic
complexes and to seek isolates which could be described, for practical pur poses, as if they completely represented the "physical world"
from which they haJ been extracted.
This elimination of the organic had the justification not only of
practical interest but of hi tory ibelf. Whereas Socrates had turned
his back upon the Ionian philosophers becau~e he was more concerned to learn about man's dilemmas than to learn about trees,
rivers, and :::tar5, all that could he called positive knowledge, which
had survived the rise and fall of human societies, were just such nonvital 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 to the naked eye and could
he followed by any patient observer.
Compare the complex phenomenon of an ox moving over a wind·
ing uneven road with the movements of a planet: it is easier to
trace an entire orbit than to plot the varying rate of speed and the
change' of position that takes place in the nearer and more familiar
object. To fix attention upon a mechanical system was the fir"
toward creating system: an important victory for rational thouaJat.
By centering effort upon the non-historic and the inorganic,
phy~ical sciences clarified the entire procedure of analysis: for
field to which they confined their attention was one in
.
method could be pushed farthest without being too palpehir
quate or encountering too many special difficultiel.
physical world was still not simple enoUgh for the
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in its first stages of development: it was necessary to reduce it to
such elements as could be ordered in terms of space, time, mass,
motion, quantity. The amount of elimination and rejection that accompanied this was excellently described by Galileo, who gave the
process such a strong impetus. One must quote him in full:
"As soon as I form a conception of a material or corporeal substance, I simultaneously feel the necessity of conceiving that it has
boundaries of some shape or other; that relatively to others it is
great or small; that it is in this or that place, in this or that time;
that it is in motion or at rest; that it touches, or does not touch,
another body; that it is unique, rare, or common; nor can I, by any
act of imagination, disjoin it from these qualities. But I do not find
myself absolutely compelled to apprehend it as necessarily accom·
panied by such conditions as that it must be white or red, bitter or
sweet, sonorous or silent, smelling sweetly or disagreeably; and if
the senses had not pointed out these qualities language and imagination alone could never have arrived at them. Therefore I think that
these tastes, smells, colors, 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 is
removed all these qualities are carried off and annihilated, although
we have imposed particular names upon them, and would fain persuade ourselves that they truly and in fact exist. I do not believe
that there exists anything in external bodies for exciting tastes,
amells, and sounds, etc., except size, shape, quantity, and motion."
In other words, physical science confined itself to the so-called
primary qualities: the secondary qualities are spurned as subjective.
Bat a primary quality is no more ultimate or elementary than a
II ucmdary quality, and a sensitive body is no less real than an inbody_ Biologically speaking, smell was highly important
mal: more so, perhaps, than the ability to discriminate disiPt: for it is the chief means of determining whether
eat, and pleasure in odors not merely refined the
pTe a special association to the visible symbo
'mated finally in perfume. The .
prime only in terms of
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pendent measuring stick for time and space, a clock, a ruler, a
balance.
The value of concentrating upon primary qualities 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, scientific technique
became communal, impersonal, objective, within its limited field,
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 interests, were equally applicable to more complex aspects of reality
that stood closer to his hopes, loves, ambitions. But the first elect
of this advance in clarity and in sobriety of thought was to devaluate
every department of experience except that which lent itself to mathematical investigation. When the Royal Society was founded in ED&land, the humanities were deliberately excluded.
In general, the practice of the physical sciences meant an intenaification of the senses: the eye had never before been so marp, the
ear so keen, the hand so accurate. Hooke, who had seen how
improved seeing, doubted not that "there may be found Meehanl....
Inventions to improve our other senses, of hearing, smellinl.
touching." But with this gain in accuracy, went a deiOlJlllltiOlt
experience as a whole. The instruments of science were
the realm of qualities. The qualitative was reduced to
the subjective was dismissed as unreal, and the un. . .
urable non-existent. Intuition and feeling did not
process or mechanical explanations. Much couLl
the new science and the new technics becauae
ciated with life and work in the pa -art,
fantasy--was deliberately eliminated.
tion grew in importance, the iI'IIMIr
and more impotent.
The division of labor
operation, which a,lrea

life of the

ae~mte.
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they were expressions of the same desire for mechanical accuraev.
and for quick results. The field of research was progressively divided
up, and small parts of it were subject to intensive examination: in
small measures, so to say, truth might perfect be. This restriction was
a great practical device. To know the complete nature of an ohject
does not necessarily make one fit to work with it: for complete
knowledge requires a plenitude of time: moreover, it tends finally
to a sort of identification which lacks precisely the cool aloofness
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 it too much friendly attention or human
sympathy or even esthetic appreciation: if one treats the life of the
chicken as an end, one may even with Brahminical thoroughness
preserve the lice in 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: it singled out the
most negotiable set of relations, mass, weight, number, motion.
Unfortunately, isolation and abstraction, while 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,
besides 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 colossal 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
. . . ignored. To substitute mechanical or two-way time for history,
diuected corpse for the living body, dismantled units called
for men-in-groups, or in general the mechanically
or reproducible for the inaccessible and the complicated
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
truth.
By confining his operations to those aspects of reality which had,
so to say, market value, and by isolating and dismembering the
corpus of experience, 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
qualities and the individualized receptors and motivators of the
artist were of fundamental importance. By his consistent metaphysical
principles and his factual method of research, the physical scientist·
denuded the 'world of natural and organic objects and turned his
back upon real experience: he substituted for the body and blood
of reality a skeleton of effective abstractions which he could manipulate with appropriate wires and pulleys.
What was left was the bare, depopulated world of matter and
motion: a wasteland. In order to thriye at all, it was necessary for the
inheritors of the seventeenth century idolum to fill the world up
again with new organisms, devi ed to represent the new realities of
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
living organisms. And once the mechanical world-picture was established, machines could thrive and multiply and dominate existence:
their competitors had been exterminated or had been consigned to a
penumbral universe in which only artists and lovers and breeders
of animals dared to believe. Were machines not conceived in terml
of primary qualities alone, without regard to appearance, soUDd,
or any other sort of sensory stimulation? If science presented an
ultimate reality, then the machine was, like the law in Gilbert'
ballad, the true embodiment of everything that was excellent.
in this empty, denuded world, the invention of machines bec:a
duty. By renouncing a large part of his humanity, a
achieve godhood: he dawned on this second chaos and
machine in his own image: the image of power, blat
loose from his flesh and isolated from his humanity
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10: The Duty to Invent
The principles that had proved effective in the development of
the scientific method were, with appropriate changes, those that
served as a foundation for invention. Technics is a translation into
appropriate, practical forms of the theoretic truths, implicit or
formulated, anticipated or discovered, of science. Science and technics form two independent yet related worlds: sometimes converging,
sometimes drawing apart. Mainly empirical inv~ntions, like the
steam-engine, may suggest Carnot's researches in thermodynamics:
abstract physical investigation, like Faraday's with the magnetic
field, may lead directly to the invention of the dynamo. From the
geometry and astronomy of Egypt and Mesopotamia, both closely
connected with the practice of agriculture to the latest researches in
electro-physics, Leonardo's dictum holds true: Science is the captain and practice the soldiers. But sometimes the soldiers win the
battle without leadership, and sometimes the captain, by intelligent
strategy, obtains victory without actually engaging in battle.
The displacement of the living and the organic took place rapidly
with the early development of the machine. For the machine was
a counterfeit of nature, nature analyzed, regulated, narrowed, controlled by the mind of men. The ultimate goal of its development
was however not 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
in engineering. The unwillingness to accept the natural environment
a8 a fixed and final condition of man's existence had always con·
tributed both to his art and his technics: but from the seventeenth
century, the attitude became compulsive, and it was to technics that
he turned for fulfillment. Steam engines di placed horse power, iron
and concrete displaced wood, aniline dyes replaced vegetahle dyes,
and 10 on down the line, with here and there a gap. Sometimes the
product was superior practically or esthetically to the old, as
iafinite superiority of the electric lamp over the tallow candle:
the new product remained inferior in quality, as rayon
•
to natural Bilk: but in either event the gain was lD

I. ANTICIPATIONS OF SPEED
1: Rapid land locomotion: the sail·
wagon (1598) used by Prince Maurice of
Orange, one of the first commanders to
introduce modern drill. The desire for
speed, proclaimed by Roger Bacon in
the thirteenth century, had become in·
sistent by the sixteenth century. Hence
skates for sport.
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the creation of an equivalent product or synthesis which was le::.s
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
insufficient 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 in medicine, the u<;e of common window
glass which excluded the important ultra-violet rays, the establishment of the post.Liehig dietary on the basis of mere energy replace.
ment, the use of the elevated toilet seat, the introduction of steam
heat, which dries the air excessively-but the li~t is a long and
somewhat appalling one. The point is that invention had become a
duty, and the desire to use the new marvel::; of technic, like a child's
delighted bewilderment over new toy~, was not in the main guided
by critical discernment: people agreed that inventions were good,
whether or not they actually provided benefits, ju~t a~ they agreed
that child·bearing was good, whether the offspring proved a blessing
t<1 society or a nuisance .
Mechanical invention, even more than science, was the answer to
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. dming the Renascence, were turned by
invention into a confined head of water above a turbine: they could
sparkle and ripple and cool and revive and delight no more: they
. were harnes~ed for a narrow and definite purpose: to move wheels
and multiply soeiety's capacity for work. To live was to work: what
other life indeed do machines k1low? Faith had at last found a new
object, not the moving of mountains. but the moving of engines and
machines. Power: the application of power to motion, and the application of motion to production, and of production to money-making, and so the further increase of power-this was the worthiest
ohj ct that a m chanical habit of mind and a me hanical mode of
action put before men. As everyone recognizes, a thou and salutal1'
instruments came out of the new technics; but in origin from the
seventeenth century on the machine served as a substitute reli&ioJa.
3
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NU loR does not need the justification of mere utility.

of the machine needed such support as little as the
_lIe1lltal faiths it supplanted: for the mission of religion i.
prftll'ft'ovide an ultimate significance and motive-force: the necessity

ef invention was a dogma, and the ritual of a mechanical routine

was the bind·ing element in the faith. In the eighteenth centuryt
Mechanical Societies sprang into existence, to propagate the creed
with greater zeal: they preached the gospel of work. justification by
faith in mechanical science, and salvation by the machine. Without
the missionary enthusiasm of the enterprisers and industrialists and
engincers and even the untutored mechanics from the eighteenth
century onward, it would be impossible to explain the rush of converts and the accelerated tempo of mechanical improvement. The
impersonal procedure of science, the hard·headed contrivances of
mechanics, the rational calculus of the utilitarians-these interests
captured emotion, all the more because the golden paradise of financial success lay beyond.
In their compilation of inventions and discoveries. Darmstaedter
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 foreshortening brought about automatically by historical perapectiYe, one cannot doubt the increased acceleration between 1700
ad 1850. Technics had seized the imagination: the engines themtmd the IOOds they produced both seemed immediately desirmuch good came through invention, much invention
!Hw. of the good. If the sanction of utility had been
would have proceeded most rapidly in the QfJII :
need was sharpest, in food, shelter,
Jut department undoubtedly Dot1iVl mee
house were much slower to
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them [general restrictions respecting physics 1 I perceived it to be
possible to arrive at knowledge highly useful in life; and in lieu of
the speculative philosophy usually taught in the school" to dhoicovcl'
a practical, by means of which, knowing the force and action of fire,
water, air, the stars, the heavens, and all the other bodies that surround us, as distinctly as we know the various crafts of our artisans,
we might also apply them in tlle same way to all the uses to which
they are adapted, and thus render ourselves the lords and possessors
of nature. And tllis is a result to be desired, not only in order to tlle
invention of an infinity of arts, by which we might be able to enjoy
without any trouble the fruits of the earth, and all its comforts, but
also especially for the preservation of health. which is without doubt
of all blessings of this life 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 be found to render
men wiser and more ingenious than hitherto, I believe that it is in
medicine they must be sought for."
Who is rewarded in the perfect commonwealth d.3vised 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 Bacon,
like the prudent Descartes, clung very ceremoniously to the rites of
the Christian church. For the "ordinances and rites" of Salomon's
House there are two galleries. In one of these "we place patterns
and samples of all manner of the more rare and excellent inventions: 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 Inventor of Ships: your monk that was the
Inventor of Ordnance and Gunpowder: the Inventor of Music: the
Inventor of Letters: the Inventor of Printing: the Inventor of observations 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,
aa Bacon fancied it, was a combination of the Rockefeller Institute
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and the Deutsches Museum: there, if anywhere, was the means towards the relief of man's estate.
Observe this: there is little that is vague or fanciful in all these
conjectures ahout the new role to be played by science and the
machine. The general staff of science had worked out the strategy of
the campaign long before the commanders in the field had developed
a tactics capable of carrying out the attack in detail. Indeed, Usher
notes that in the seventeenth century invention was relatively feeble,
and the power of the technical imagination had far outstripped the
actual capacities of workmen and engineers. Leonardo, Andreae,
Campanella, Bacon, Hooke in his Micrographia and Glanvill in
his Scepsis Scientifica, wrote down in outline the specifications for
the new order: the use of science for the advancement of technics,
and the direction of technics toward the conquest of nature were the
burden of the whole effort. Bacon's Salomon's House, though formulated after the actual founding of the Accademia Lynxei in Italy,
was the actual starting point of the Philosophical College that first
met in 1646 at the Bullhead Tavern in Cheapside, and in 1662 was
duly incorporated as the Royal Society of London for Improving
Natural Knowledge. This society had eight standing committees, the
first of which was to "consider and improve all mechanical inventions." The laboratories and technical museums of the twentieth century existed first as a thought in the mind of this philosophi~l co~r
tier: nothing that we do or practice today would have surpnsed him.
So confident in the results of the new approach was Hooke that
he wrote: "There is nothing Ulat lies within the power of humaB
wit (or which is far more effectual) of human ind~stl'Y which ~
might not compass; we might not only hope for invenuons to equal....
those of Copernicus, Galileo, Gilbert, Harvey, and othen,
names are almost lost, that were the inventors of Gunpowder..
Seaman's Compass, Printing, Etching, Graving, Microacopelt
but multitudes that may far exceed them: for even thOle
seem to have been tlle product of some such meth~
imperfect; what may not be therefore expected from it if
prosecuted? Talking and contention of Argum~ta 110
turned into labors; all the fine dreams and opiDiOlll:-
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metaphysical nature, which the luxury of subtil brains has devised ,
would quickly vanish and give place to solid histories, experiments,
and ·works."
The leading utopias of the time, Christianopolis, the City of the
Sun, to say notlling of Bacon's fragment or Cyrano ue Bergerac's
minor works, all brood upon the possibility of utilizing the machine
to make t1le worlu more perfect: the machine was the substitute for
Plato's justice, temperance, and courage, even a~ it was likewise
for the Christian ideals of grace and redemption. The machine came
forth as the new demiurge that was to create a new heaven and
a new earth: at the least, as a new Moses that was to lead a barbarous Immanity into the promised land.
There had been premonitions of all this in the centuries before.
"I will now mention," said Roger Bacon, "some of the wonderful
works of art and nature in which there is not1ling 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 velocity than if they were full of sailors. Chariots may be
constructed that will move with incredible rapidity without the help
of animals. In truments of flying may be formed in which a man,
sitting at his ease and meditating in any subject, may beat the air
with his artificial wings after the manner of birds . . . as also
machines which will enable men to walk at the bottom of seas or
rivers without ships." And Leonardo de Vinci left behind him a list
of inventions and contrivances that reads like a synopsis of the present
industrial world.
But by the seventeenth century the note of confidence had increased, 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 increasing skill and to growing euthusiasm over technics itself. Schwenter in his Delassements Physico-Math(~matiCJues (1636)
pointed out how two individuals could communicate with each other
by means of magnetic needles. "To them that come after us," said
Glanvill, "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
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to confer at the di~tance of t~e Indies by sympathetic conveyances
may he as usual In future hmes as by literary correspondence."
Cyrano de Bergerac conceived the phonograph. Hooke observed that
it is "not impossiLle to hear a whisper a furlong's distance, it having
been already done; and perhaps the nature of things would not make
it more impossible, although that furlong be ten times multiplied."
Indeed, he even forecast the invention of artificial silk. And Glanvill
said again: "I douLt not posterity will find many things that are now
but rumors verified into practical realities. It may be that, some
ages hence, a voyage to the Southern tracts, yea, possibly to 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 he effected without a miracle; and the turning
of the now comparatively desert world into a paradise may not
improbably be effected from late agriculture." (1661)
Whatever was lacking in the outlook of the seventeenth century
it was not lack of faith in the imminent presence, the speedy development, and the profound importance of the machine. Clock-making:
time-keeping: space-exploration: monastic regularity: bourgeois
order: technical devices: protestant inhibitions: magical explorations: finally the magistral order, accuracy, and clarity of the
physical sciences themselves-a ll these separate activities, incons~d.
erable perhaps in themselves~ had at last formed a complex SOCial
and ideological network. capable of supporting the vast weight of
the machine and extending its operations still further. By the middle
of the eighteenth centu ry the initial preparations were over and the
key inventions had been made. An army of natural philosophers,
rationalists, experimenters, mechanics, ingenious people, had assembled who were clea r as to their goal and confident as to their victory.
Before more than a streak of grey had appeared at the horizon'. rim,
they proclaimed the dawn and announced how wonderful it w.. : how
marvelous the new day would be. Actually, they wer~ to .~mDe
a shift in the seasons, perhaps a long cyclical change m the
itself.

..

CHAPTER II.

AGENTS OF MECHANIZAT ION

1: The Profile of Technics
The preparation for the machine that took place between the
tenth and the eighteenth century gave it a broad foundation and assured its speedy and universal conquest throughout Western Civilization. But in back of this lay the long development of technics itself:
t1le original exploration of the raw environment, the utilization of
objects shaped by nature--shells and stones and animal gut- for
tools and utensils: the development of fundamental industrial processes, digging, chipping, hammering, scraping, spinning, drying : the
deliberate shaping of specific tools as necessities pressed and as skill
increased.
Experimental sampling, as with edibles, happy accidents, as with
glass, true causal insight as with the fire-drill: all these played a
p al1 in the transformation of our material environment and steadily
modified the possibilities 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, invention proper follows close at its heel : indeed, the age of invention 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 techni cs.
To sum up these earlier developments of technics, it may he useful to associate them with the abstract scheme of the vall ey section:
the ideal profile of a complete mountai n-a nd·river system. In a
figurative sense, civilization marches up a nd down the vall ~y·section:
all the great historic cultures, with the partial exception of those
GO

,.

AGENTS OF MECHANIZATION

I

.

.

61

secluded mantlme
tures In whlch the seas sometl·mes serve d m.
. cu.
stead of a flver, . have .thnven through the movement of men and
institutions. an.d mventlOns a.nd goods . al~ng the natural highway
of a great
. flver. the YeHow RlVer, the Tlgns' the Nile , the Euph rates,
the Rlune, the Danube, the Thames. Against the primitive backgrounds of the valley section are developed the earlier forms of
technics: within the cities, the proces~es of invention are quickened,
a multitude of Hew needs ari es, the exigencies of close living and
of a limited food supply lea d to fre h adaptations and ingenuities,
and in the very act of putting primitive conditions at a distance men
are forced to devi~e substitutes for the cruder artifacts which had
once ensured their survival.
Taking the purely schematic vaHey ~ection in profile, one finds
toward the mountain top, where on the steeper slope the rocks perhaps
crop out, the quarry and the mine : almost from the dawn of history
itself man engages in these occupations. It is the survival, into our
own times, of the prototype of all economic activity: the stage of
directly seeking and picking and collecting: berries, funguses, stones,
shells, dead animals. Down to modern times, mining remained technically one of the crudest of occupations: the pick and the hammer
were its principal tools. But the derivative arts of mining steadily
developed in historic times : indeed the use of metal is the main
element that di:;tinguishes the later crafts of Europe up to the tenth
century A.D. from the stone cultures that came before: smelting,
refining, smithing, casting, all increased the speed of production,
improvt~d the forms of tools and weapons, and greatly added to their
strength and effectiveness. In the forest that stretches from the crown
of the mountain seaward the hunter stalks his game: his is possibly
the oldest deliberate technical operation of mankind for in their
origin the weapon and the tool are interchangeable. The simple ham·
merhead serve equally a a missile: the knife kills the game and cuts
it up : the ax may cut down a tree or slay an enemy. Now the hunter
survives by skill of a rm and eye, noW by physical strength, now by
the cunning contrivance of traps and pitfalls. In the pur.uit of hi
gam e he does not remain in the forest but follows wherever the
chase may lead him: a habit which often leads to conflicts and hoe-

62

TECHNICS AND CIVILIZATION

tilities in the invaded areas: perhaps in the development of wa
. . .
1
.
r as
an InstItutlOna rout me.
Farther down the valley, where the little mountain torrents and
~rooks gather together in a stream, which facilitates 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 w.ooden 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 disc Renard sees the origin of the pulley and perh~ps
of the wheel, to say nothing of the windlass. The woodman's ax is
the chief primitive tool of mankind: his beaverlike occupationwhich perhaps accidentally resulted in the human re-invention of the
hridge and the dam-is apparently the original form of modern
engineering; 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 advance of a settled culture, as the woodman's ax opens up the clearings
and the seeds that are dropped ill the slInny glades are nurtured
through the summer and grow with a new lu~hness-below the primitive woodman lies the province of the herdsman and the peasant.
Goatherd, shepherd, cowherd, occupy the upland pastures or the
broad grasslands of the plain-plateaus in their first or final stages
of erosion. Spinning itself, the art hy means of which frail filatal
elements are strengthened through twisting, is one of the earliest of
the great inventions, and may first have been applied to the sinews
of ,nimals: thread and string were originally used where we should
utilize them only in an emergency-as in fastening an ax-head
But the spinning and weaving of fabrics for clothing,
for 1'111 to serve as temporary floor in the tent, are the
(Jllltr.tllDli8n: they came in with the domestication of aniperiod, and some of the earliest forms of the
remained in existence among primitiYllti
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river-bottom soils as his command over toola . . . . ._
mals grows, or as the struggle for exi lenec be(lGIlI. i
may even reach back into the hinterland and brina
the potentially arable pasture. The farmer'. tooll B8d
relatively few: as with the herdsman, his inventive . _
expended directly, for the most part, upon the planta tIrII
their selection and breeding and perfection. His too11 l'ml8i
fundamental change throughout the greater part of reconile
the hoe, the mattock, the plow, the spade. and the .m~
utensils and his utilities are many: the irrigation ditcla,
the storage-bin, the cistern, the well, and the permanent
house occupied throughout the year, belong to the pea nt.
of his need for defence and cooperative action grow the
the town. Finally, at the oceanside, plying in and out
barrier beaches and the salt marshe ,live the fiahellD8ll
aquatic hunter. The first fi herman to con truet a weir
vented the art of weaving: the net and the basket nulde
reeds of the marshland certainly came out of this emnn._
the most important early mode of transport and COl. . . . .
boat, was a direct product.
The order and security of an agricultural and pa_rat'
was the critical improvement that came in ith the
Out of that stability grew not merely the dwellinc
manent community but a cooperative economic _il
petuating its institutions by means of visible
as well as by the imparted word. Into the aoecit
arose more and more frequently in
one phase of economic activity and
certain kinds of goods, amber
wide areas developed at a
more finished kinds of goo
cal skill and knowledge.
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record, tile transmission of craft-knowledge tended to create occupa_
tional castes. The conservation of skill by these means led to down.
right conservatism: the very refinements of traditional knowledge
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, and in particular, there are changes in the pressure exerted by the life-destroying
functions and the life-conserving ones. In Ule neolithic period, the
peasant and the herdsman were, it seems, uppermost: the dominant
ways of life were the outcome of agriculture, and the religion and
science of the day were directed towards 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 hunting grounds and their pastures or, at a more advanced
stage, their power to collect tribute and to rule. Only three great
cultures 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: t1le last two distinguished particularly for their practical intelligence, their rational morals, their
kindly manners, their cooperative and life-conserving institutions;
whereas4the predominantly military forms of civilization have proved
self-destructive.
With the dawn of modern technics in Northern Europe one sees
these primitive types once more in their original character and their
typical habitats. The redifferentiation of occupations and crafts goes
on under our very eyes. The rulers of Europe once more are hunters
and fishers: from Norway to Naples their prowess in the chao e alternates with their conquest of men: one of their prime concerns when
they conquer a land is to establish their hunting rights and set aside
great parks as sacred to the game they pursue. 'When these hardy
w~rriors finally supplement the spear and the ax and the firebrand
wIth the cannon as a weapon of assault, the milit· ry . rts hecome
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professionalized once more, and the support of
b
65
" "
. "
war ecomes on f
the prInCIpal burdens of a CIVil society. The pri 't"
""
e0
. ..
.
ml lye mmmg and the
prImItive metallurgy
. goes on as It had existed f
or l
ong'10 the past.
. h break up.
but presently t }le SImple
. . arts of the miner and th e smlt
into a score
. of speCIalIzed occupations. This proce ss procee ds at an
acceleratlllg
"
. speed as commerce expands and the deman d for gold
and SlIver lOcreases, as war
becomes more mecha'
Olzed an d the de.
mand for armor, for artIllery, and for the sinews of war expands
So, too, the woodman dppears in the forested areas , for much 0 f'
Europe had gone back
.. into~1.. forest and grass: presentlY th e sawyer,
the carpenter, th e JOlOer, Ule turner' the wheelwrl'ght h ave become
specialized crafts. In ilie gro~ing cities, from the eleventh century
on, these el~mentary occupa~lOns appear, differentiate, react upon
each other, lOterchange techmques and forms. Within a few hundred
years almost the entire drama of technics is re-enacted once more
and technics reaches a higher plane of general achievement than an
other civilization had known in the past-although in special depa:
ments it was again and again surpassed by the finer arts of the
East. If one takes a cross-section of technics in the Middle Ages orie
has at hand most of the important elements derived from the past,
and the germ of most of the growth that is to take place in the
future. In the rear lies handicraft and ilie tool, supplemented by the
simple chemical processes of the farm: in the van stands the exact
arts and the machine and the new achievements in metallurgy and
glass-making. Some of the most characteristic instruments of medieval technics, like the cross-bow, show in their form and workmanship the imprint of both the tool and the machine. Here, then, is a
central vantage point.
2: De Re Metallica
Quarrying and mining are the prime extractive occupations: without stones and metals with sharp edges and resistant surfaces neitber
weapons nor tools could have passed beyond a very crude
and a limited effectiveness-however ingeniously wood, ahell
bone may have been used by primitive man before he bad
stone. The first efficient tool seems to have been a stone
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lmmall hand as a hammer: the German word for fist is die Faust

and to this day the miner's hammer js called ein Fiiustel.
'
Of all ~tones flint, becl1uo.;e of its comlllonnes~ in Northern Europe
and because of its breaking into sharp scalloped edges, was perhaps the most important in the development of tools. With the aid
of other rocks. or of a pick.ax made of reindeer horn. the flint miner
extracted his stone, and by patient efl'011 shaped it to his needs: the
hammer itself had reached its present refinement of shape Ly the
bte neolithic period. During a great span of primitive life the slow
perfection of stone tools wa? one of the principal marks of its
advancing civjlization and its control over the em ironment: this
reached perhaps its highest point in the Big Stone culture, with its
capacity for cooperative indu~trial effort. as shown in the tram.porta.
tion of the great stones of its outdoor temples and astronomical
ob cr\'atories, and in its relatively high degree of exact scientific
knm\ ledge. In ib btest period the lIse of clay for pottery made it
pos:-.iLle to pn:serve Hnd store li(lUid~, ao;; 'well as to keep dried pro·
vision from moisture and miJde\\: another vidory for the primitive
prospector who wa~ lea ruing to explore the earth and adapt its non·
organic contents to his uses.
" There is no sharp breach between grubbing, ({uarrying and mining.
J he same outcrop that shows (fltartz may equally hold gold, and the
same :,tream that has clayey banks may disclo:,e a gleam or two of
this fHecious metdl-preciou' for primitive man not only because
of its raritr but bf'callse it is soft. malleable, ductile, non-oxidizing,
alld may he worked \\ ithout the use of fire. The usc of gold and
aml)er and jade antedates tile Eo·called age of metals: they were
prized for their rarenes_ and tllf'ir magical qualities, even more than
for what could Le directly made of them. And the hunt for these
minerals ,ha.d nothing whatever to do 'with extending the food.~upply
or estabbshmg creature comforts: man searched for precious stones,
~s he cultivated flower~, Lecause long before he had invented ca pital.
Ism and mao;;5 production he had acquired more energy than he
needed for hare physical ~lIn'i\'al on the terms of his exi ting ('ulture.
In contrast to the forethought and sober plodding of the peasant,
the work of tlle mmer
.
. t he rea Im of random effort: irregular in
IS
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.
. lIttle relation,
ar 1y 111
early stages of the mdmtry, eIther to the technical ability of the
miner or the amount of, labor he has expended • Olle (aSSluUOUS
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pro:;·
pector may wear out Ius heart for years without finding a ri('h seam'
a newcomer in the same
district
may trikl! luck in tl1e fi r:-t mormng
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he goes to work. Wlllie certam mme~, lIke the salt mines of the Sal7..
kammergut, have been in existence for centuries, the occupation in
general is an un -table one.
Until the fifteenth century A.D., mining had perhaps made less
technical progress than any other art: the engineering ::.kill that Rome
showed in aqueducts and roads did not extend in any degree to the
mines. Not lPerely had the art remained for thousands of years in a
primitive stage: but the occupation it~elf was one of the lowe~t in the
human scale. Apart from the lure of prospecting, no one entered
the mine in civilized state::. until relatively modern times except a a
prisoner of war, a criminal, a sla\'e. l\lining was not regarded as a
humane art: it was a form of puni~hmp.nt: it combined the terror of
the dungeon with the physical exacerbation of the galley. The actual
work of mining, precisely becaus(~ it was meant to be burdensome,
was not improved during the whole of antiquity, from the earlie_t
traces of it down to the fall of the Roman Empire. In general, not
merely may one ay that free 1. bor did not enter the mine until
the late Middle Ages; one mu~t also remember that serfdom remained here, in the mine~ of Scotland for example, a con iderable
time a fter it had been abolihed in agriculture. Pos ibly the myth
of the Golden Age was an expression of mankind's sense of what it
had lost when it acquired control of the harder metals.

• Was the social degradation of mining an accident, or does it lie in
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the nature of things? Let us examine the occupation and its environ_
ment, as it existed through the greater part of history.
Except for surface mining, the art is pursued within the bowels
of the earth. The darkness is broken by the timid flare of a lamp or a
candle. Until the invention of the Davy safety lamp at the beginning
of the nineteenth century this fire might ignite the "mine-damp" and
exterminate by a single blast all who were within range: to this day,
the possibility of such an explosion remains, since sparks may occur
by accident even when electricity is used. Ground-water filters through
the seams and often threatens to flood the passages. Until modern
tools were invented, the passage itself was a cram ped one: to extract
ore, children and women were employed from the earliest days to
crawl along the narrow tunnel, dragging a laden cart: women indeed
were so used as beasts of burden in English mines right up to the
middle of the nineteenth century. When primitive tools were not sufficient to break up the ore or open a new face, it was often necessary
to light great fires in the difficult seams and then douse the stone with
cold water in order to make it crack: the steam was suffocating, and
the cracking might be dangerous: without strong shoring, whole gal.
leries might fall upon the workers, and frequently this happened.
The deeper down the seams went the greater the danger, the greater
rite heat, the greater the mechanical difficulties. Among the hard and
Imttal occupations of mankind, the only one that compares with old·
mining is modem trench warfare; and this should cause
i.\.CR~-.·. there is a direct connection. To this day, according to
the mortality rate among miners from accidents is four times
any other occupation.
of metals came at a relatively late date in technics, the
tar to leek. Metals, to begin with, usually exist as comliter. and the ores themselves are often inaccessible, hard
to bring to the surface: even if they lie in the
; .1tY to disengage. Such a common metal as zinc
~na sixteenth century. The extraction of me1ta
tIeel or the digging of flint, require
periods. Even after the met.1t
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tracted they are hard to work: the ea iest is GIla
ex ious gold, while the hardest is the most 1lIeful u·D1t.:
pree
,
'
·n
lead
copper,
the
latter
of
which
can
be
worked
ll
are,
'
small masses or sheets. I.n short: the ores and metala are . _
materials: they evade dIscovery and they resist tre
being softened do the metals respond: where there il
Inust be fire.
Mining and refining and smithing invoke, by the nature
material dealt with, the ruthlessness of modem warfare: they
a premium on brute force. In the technique of all these a
pounding operations are uppermost: the pick-ax, the &leG ~e·b8
the ore-crusher, the stamping machine, the steam-hammer: vue
either melt or break the material in order to do anythina
The routine of the mine involves an unflinching assault . .
physical environment: every stage in it is a magnification of
When power-machines came in on a large scale in the
century, it was in the military and the metallurgical a
were, perhaps, most widely applied.
Let us now turn to the mining environment. The mine,
with, is the first completely inorganic environment to he
lived in by man: far more inorganic than the giant eity
has used as a symbol of the last stages of meduMliiDl
Field and fore;t and stream and ocean are the
the mine is the environment alone of ores,
the subterranean rock, there is no life, not evea
except in so far as they may filter throqh
be introduced by man. The face of nature
to look upon, and the warmth of the
hunter on the track of game or the pea~18I1t
crystalline formations, the face of the
trees and beasts and clouds greet
the contents of the earth, the m·
things: what he sees is sheer
is only an obstacle which
up to the surface. If the min
a the candle ft.ickers, they
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pick or his arm: shapes of fear, Day has been aboli!'hed and the
rhythm of nature broken: continuous day-and-night production first
came into exi~tence here. The miner must work by artificial light even
though the sun be shining outside; still fUliher down in the seams ,
lIe must work by artificial ventilation, too: atrium ph of the "manu.
factured environment."
In the underground passages and gallerie .. of the mine there is
nothing to distract the miner: no pretty wench is passing in the field
with a basket on her JIead, whose proud breasts and flanks remind
him of his manhood: no rabbit scurries across his path to arouse
the hunter in him: no play of light on a distant river awakens his
reverie. Here is the environment of work: dogged, unremitting, Concentrated work, It is a dark, a colorle:::.s, a tasteless, a perfumeless, as
well as a shapeless worlu: the leaden landscape of a perpetual winter.
The masses and lumps of the ore itself, matter in its least organized
form, complete the picture. The mine is nothing less in fact than the

concrete model of the conceptual UJorld which was built up by the
physicists of the sez'enteenth centllry.
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 deep mines and caves, and if it be true likewise that the
alchemists do so much inculcate, that Vulcan is a second nature, and
imitatedl that dexterously and compendiouJy, which nature worketh
by ambages and length of time, it were good to divide natural philosophy into the mine and the furnace: and to make two profe sions
or occupations of natural philo ophers, some to he pioneer- anu
some smiths; some to dig, and some to refinc and hammer." Did the
mine acclimate us to the view~ of science? Did science ill turn prepare
us to accept the products and the environme t of the mine? The
matter is not susceptihle to proof: but the logical relations, if not the
historical facts, are pia in.
The practices of the mine do not remain Lelow the ground: they
affect the miner him~elf, and they alter the surface of the earth.
Whatever could be said in defen~e of the art was said with great
pith and good sense

by Dr. Georg Bauer (Agricola), the German
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. 'an an d SCI.' entist who wrote various compendious treatises on
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physical dangers of min~l1g ~emajn ~ligh;. some are st,lll u,~a"o~dable.
The animus of thc mll1en; technlllue IS reflected 111 In:- tre,ltment
of the landscape. Let Dr. B,mer again be our witne . "Besides this
the !'tronge~t a rgument of the detractor' is that the fields are ~ev
astate(l by mining operations, for which reason formerly italIans
were warned by law that no one should dig the earth for met,als a~d
50 injure their very fertile fields, their vineyards, and then olIve
groves. Also they argue that the woods and groves are cut d?wn,
for there is need of endless amount of wood for timbers, machmes,
and the smelting of metals. And when the woods and groves are
felled, there are exterminate the beasts and birds, very many of
.
.
1
wInch
furl1lsh
peasant
3lHI agreea hi e f 00 d for man • Further'when
.
the ores arf> washed, the water which has been used poisons the
brooks and streams, and either destroys the fish or drives them away.
Therefore the inlw hitants of these regions, on account of the devastation of their fields, woods, groves, brooks, and rivers,
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difficulty in procuring the necessaries of life, and by reason of th
destruction of the timber tlley are forced to a greater expense in
erecting buildings."
There is no reason to go into Dr. Bauer's lame reply: it happens
that the indictment still holds, and is an unanswerable one. One
must admit the devastation of mining, even if one is prepared to
justify the end. "A typical example of deforestation," says a modern
,..'riter on tlle subject, "is to be seen on the eastern slopes of the
Sierra Nevada, overlooking the Truckee Valley, where the cutting
of trees to provide timber for the deep mines of the Comstock left
the hillside exposed to erosion, so that today they are hleak, harren
and hideous. 1\1ost of the old mining regions tell the same tale, from
Lenares 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 as it started in the eighteenth century to rest directly upon the
mine and its products, and to reflect, even in territories far from the
mine ibelf, the practices and ideals of the miner.
One further effect of this hahitual destruction and disorganization
must be noted: its psychological reaction on the miner. Perhaps in- evitably he has a low standard of living. Partly, this is the natural
effect of capitalist monopoly, often exerted and maintained by physical compulsion: but it exists even under relatively free conditions
and in "prosperous" times. The explanation is not difficult: almost
any sight is brightL:f than the pit, almost any sound is sweeter than
the clang and rap of the hammer, almost any rough cabin, so long
as it keeps the water out, is a 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 gamhling
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
racing, in the hope that it will bring the swift reward denied him in
the drudging efforts of the mine itself. The heroism of the miner is
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main. however, the mining and metallurgical arts were outside the
social scheme of Loth classic and gothic civilization. That fact proved
a sinister one as soon a~ the methods and ideals of mining Leeame
the chief pattern for industrial effolt throughou t the Western ".odd,
Mine: blast: dump: crush: extract: exhaust-there was indeed ~om('
thing devilish and sinister about the whole business. Life flouri!:ihes
finally only in an environment of the living.
3: Mining and Modern Capitalism
More closely than any other industry. mining was bound up with
the first development of modern capitalism. By the sixteenth century
it had definitely set the pattern for capitalist exploitation.
When mining was undertaken by free men in the fourteenth century in Germany the working of the mine was a simple partnership
on a share basis. The miners themselves were often ne'er-do-wells
and bankrupts who had seen better days. Partly abetted no doubt
by this very application of free labor, there was a rapid advancement in technique in the German mines: by the sixteenth century
those in Saxony led Europe, and German miners were imported into
other countries, like England, to improve their practices.
The deepening of the mines, the extension of the operations to new
fields, the application of complicated machinery for pumping water,
hauling ore, and ventilating the mine. and the further application
of waterpower to work the bellows in the new furnaces-all these
improvements called for more capital than the original workers possessed. This led to the admission of partners who contributed money
instead of work: absentee ownership: and this jn turn led to a
gradual expropriation of the owner-workers and the reduction of
their share of the profits to the status of mere wages. This capitalistic
development was further stimulated by reckles- !:ipeculation in milling
shares which took place as early as the fifteenth century: the local
landlords and the merchants in the lIearer cities eagerly followed
this new gamble. If the mining industry in Dr. Bauer's day showed
many of the modern improvements in industrial organization-the
triple shift, the eight hour day, the existence of guilds in the various
metallurgical industries for social intercourse, charita hIe self-help
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First : improvements in the technique of warfare, e~pecially the
rapid growth of the artillery ann, increased the con~umption of iron:
this led to new demands upon the mine. In order to finance the ever
more costly equipment and maintenance o,f the new paid soldiery,
tlle rulers of Europe had recourse to the financier. As security for
the loan, the lender took over the royal mines. The development of
the mines themselves then became a respectable avenue of financial
enterprise, with returns that compared favorably with the usurious
and generally unpayable interest. Spurred by the unpaid notes, the
rulers were in turn driven to new conquests or to the exploitation of
remote territories: and so the cycle began over again. War, mechaniza tion, mining, and finance played 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 enr iched the financier by both processes. The uncertainty of both warfa re and mining increased the possibilities for speculative gains:
this provided a rich broth for the bacteria of finance to thrive in.
Fina lly, it is possible that the animus of the miner had still another
effect on the development of capitalism. This was in the notion that
economic value had a relation to the quantity of brute work done
and to the scarcity of the product: in the calculus of cost, these
emerged a s the principal elements. The rarity of gold, rubies, diamonds : the gross work that must be done to get iron out of the earth
and ready for the roll ing mill-these tended to be the criteria of
economic value all through this civilization. But real values do not
derive from either ra rity or crude manpower. It is 1I0t rarity tha t
gives the air its power to sustain life, nor is it the human work done
that gives milk or bananas their nourishment. In comparison with
the effects of chemical action a nd the sun's rays the human contribution is a small one. Genuine value lies in the power to Sllstain or
enrich life: a glass bead may be more valual)1e than a diamond, a
deal table more valuable esthetically than the most tortuously ca rved
one, and the juice of a lemon may be more valuable on a long ocean
voyage than a hundred pounds of meat wi thout it. T he va lue lies
directly in the life-function: not in its ori g in, its rar ity, or in the
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work done by human agents. The miner's notion of value, like the
financier'!:;, tends to he a purely abstract and quantitative one. Doet
the defect ari~e out of the fact that every other type of primitive
environment conta ins food, something that may he immediately translated into life-game, berries, mu hrooms, maple-sap, nuts, sheep,
corn, fish-while the miner's environment alone is-salt and saccharin aside-not only completely inorganic hut completely inedible?
The miner works, not for love or for nourishment, hut to "make his
pile." The classic cur e of Midas hecame perhaps the dominant
characteristic of the modern machine: whatever it touched was turned
to gold and iron, and the machine was permitted to exist only where
gold and iron could serve as foundation.
4: The Primitive Engineer
The rational conquest of the environment by means of machines
is fundamentally the work of the woodman. In part, the explanation
of his success can be discovered in term of the material he uses.
For wood, beyond any other natural material, lend itself to manipulation: right down to the nineteenth century it had a place in civilization that the metals themselves were to assume only after that point.
In the forests of the temperate and sub-arctic zones, which covered
the greater part of Western Europe from hilltop to riverhottom wood
was of COULe the most common and visible part of the en ironment.
While the digging of stones was a laborious busine , once
ax was shaped the cutting down of trees became a relati ~
task. What other object in nature has the length and ero.....
the tree? ~That other kind of material presents its chillfadtlf
erties in such a large assortment of sizes: what other kind
and split 'again with the simplest tools the wedge
What other common material can both be broken i
and carv d and shaped aero s those planes? Th
which most. m'arly attain to the same qu Uti
for wood. Tn1ike ores, one can cut do
fire. Using fire locally one can holl
turn it into a canoe by chardna
a pr imitive gouge or chisel. IJOW

the._
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dJe tree was used in this primitive fashion: one of Dilrer's engravinp shows a man hollowing out a gigantic log; and bowls and tubs
and vats and troughs and benches were long made of single blocks
close to the natural shape.
Wood, different again from stone, has exceptional qualities for
transport: the trimmed logs maybe rolled over the ground, and
because wood floats, it can be transported over long distances by
means of water even before boats are built: an unrivalled advantage.
The building of neolithic villages on wooden piles over the waters
of lakes was one of the surest witnesses to the advance of civilization:
wood delivered man from servitude to the cave and to the cold earth
itself. Thanks to the lightness and mobility of this material, as well
as to its wide distribution, one finds the products of the woodman
not merely in the uplands but down by the open sea. In the marshJands of the north coastal area in Europe, one finds the woodman
sinking his piles and building his villages-using his logs and his
mats of twigs and branches to serve as bulwark against the invading
ocean and to push it back. For thousands of years wood alone made
navigation possible.
Physically speaking, wood has the qualities of both stone and
metal: stronger in cross section than is stone, wood resembles steel
it. physical properties: its relatively high tensile and compressive
tOiether with it ela ticity. Stone is a mass: but wood, by
is already a structure. The difference in toughness, tensile
igbt, and permeability of various species of wood, from
_ram, from cedar to teak, give wood a natural range
to various purposes that is matched in metals only
• loDs evolution of metallurgical skill: lead, tin,
·r allOYI, the original assortment, offered a
:DilKie., and down to the end of the nineteenth
_Iter variety. Since wood can be planed,
~*'t and even IOftened and bent or
aD teria to craf Manship: •
But in· Daturld
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ta~ions of form. The curve of the branch forms the bracket,

stIck forms the handle and the primitive type of plow.
Finally, wood is combustible; and at the beginnins that f
more important and more favorable to human development
fire.resista~ce. ~f oth~r materi~ls. For fire wa omi ly IIlIIi
greatest pnmltlVe achIevement III manipulating h· environment
a whole: the utilization of fire raised him a whole plane above
nearest sub·human contemporaries. Wherever he could gather a f _
dried sticks, he could have a hearth and an altar: the germ of
•
life and the possibility of free thought and contemplation. Lolli
before coal was dug or peat and dung dried, wood was man's chief
source of energy, beyond the food he ate or the sun that allned
him: long after power machines were invented wood continued to
be used for fuel, in the first steamboats and railroad of Am •
and Rus ia.
Wood, then, was the mo t various, the most shapeab~ the mo.
serviceable of all the materials that man has employed in .
nology: even stone was at best an accessory. Wood
preparatory training in the technics of both stone and
wonder that he was faithful to it when he began to tr'am.....
wooden temples into stone. And the cunning of the WODl
the base of the mo t important po t-neolithic achi·eIgellle
development of the machine. Take away wood, and 0118
literally the prop of modem technic.
The place of the woodman in technical de1reID
been appreciated; but his work is in fact
power production and industrialization.
cutter who thins out the foreat and pro .u. .
the charcoal burner who CODI'Yeltl
lind effective form of fuel, aDd
lurgy: he is, tosether with the ID
of engineer; aud ithout .
malOD would be d

sa

ha

been imPOIlible.
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of the stone bridge. It was the woodman who developed the wheel:
the potter'8 wheel, the cart·wheel, the water·wheel, the spinningwheel, and above all, the greatest of machine-tools, the lathe. If the
boat and the cart are the woodman's supreme contribution to transport, the barrel, with its skilful use of compression and tension to
achieve water-tightness is one of his most ingenious utensils: a great
advance in strength and lightness over clay containers.
As for the wheel-and-axle itself, so important is it that Reuleaux
and others have even said that the technical advance that characterizes
specifically the modern age is that from reciprocating motions to
rotary motions. Without a machine for accurately turning cylinders,
screws, pistons, boring instruments, it would be impossible to create
further instruments of precision: the machine-tool makes the modern
machine possible. The lathe was the woodman's decisive contribution
to the development of machines. First recorded among the Greeks,
the primitive form of the lathe consisted of two fixed parts which
hold the spindles that turn the wood. The spindle is wound up
by hand and rotated by release of the bent sapling to which the
wound cord is attached; the turner holds a chisel or gouge against
the rotating wood which, if accurately centered, becomes a true
cylinder or some modification of the cylinder. In this crude form the
lathe is still used-or was fifteen years ag(}-in the Chiltern Hills
in England: good enough to produce chair-legs shaped to pattern for
the market. As an instrument of fair precision, the lathe existed long
before its parts were cast in metal, before the crude form of power
was converted into a foot-treadle or an electric motor, before the
etook was made moveable or the adjustable slide-re t to steady the
-ohite1 was inve,.ted. The final transformation of the lathe into a
au inatrument of exquisite accuracy awaited the eighteenth cenMaudslay in England is often given the credit for it. But in
IIU8t all the important parts had been worked out by the woodthe foot-treadle actually gave Watt the model he needed
reciprocating motion into rotary motion in his steam~ibution5 of the woodman to the machine

the

eotechnic economy. Enough to
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point out. here th.e ~o]e of. the woodman as engineer: building dams,
lock~, mI~ls, hu Ildmg mIll-wheels, controlling the flow of water.
S~rvm~ duectl ~ the needs of the peasant, the woodman often merged
wIth hun. EnvJfonmentally, however, he was caught between two
movements that have always threatened and sometimes painfully
narrowed the realm he has reigned over. One was the demand of
th~ farmer for more arahle land: this converted to mixed farming
sOlIs more fitted for tree culture. In France, this has gone on 80
far that the remaining trees may be merely a small clump or a row
silhouetted against the sky: in Spain and other parts of the Mediterranean it has resulted not merely in defore tation but serious soil
erosion: the same curse afflicts the seat of even more ancient civilizations, like that of China. (This evil has now been remedied in the
State of New York by the purchase and reforestation of the marginal
agricultural lands. )
From the other side of our typical valley section came pressure
from the miner and the glassmaker. By the seventeenth century the
marvellous oak forests of England had already been sacrificed to the
iron-maker: so serious was the shortage that the Admiralty under
Sir John Evelyn was forced to pursue a vigorous policy of reforestation in order to have enough timber for the Royal Navy. The continued attack upon the wO(ldman's environment has led to his expulsion to remoter areas-to the birch and fir forests of North Ruuia
and Scandinavia, to the Sierras and Rockies of America. So imperious became the commercial demand, so authoritative became
miner's methods that forest-cutting was reduced during the DIU·let_
century to timber-mining: today whole forests are slaughtered ewtIV
week to supply the presses of the Sunday Dew paper
But wood-culture and wood-technics, which survived tUQt
age of metals, are likely also to endure through the age of
compounds: for wood itself is nature's cheaper modal
materials.

5: From Game-Hunt to Man-Hunt
Perhaps the most positive influence in
machine has been that of the IOldier: •
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development of the primitive hunter. Originally the call of the hunter
for weapons was an effort to increase the food-supply: hence the
invention and improvement of arrowheads, spears, slings, and knives
from the earliest dawn of technics onward. The projectile and the
hand-weapon were the two special lines of this development: and
while the bow was perhaps the most effective weapon devised before
the modern gun, since it had both range and accuracy, the sharpening
of edges with the introduction of bronze and iron was scarcely less
important. Shock and fire still 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 excitement of the chase cause him to inhibit every other reaction-pity 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
of infancy and his more tender care of the young and helpless, bring
out his most humane instincts, while the peasant learns to extend his
sympathies beyond the boundaries of the animal kingdom. The daily
lessons of crop and herd are lessons in co-operation and solidarity
and the selective nurture of life. Even when the farmer kills, extirpating 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 slaughter of his cattle. Trained in the use of the weapon, killing becomes
his main business. Shaken by insecurity and fear, the hunter attacks
not merely the game but other hunters: living things are for him
potential meat, potential skins, potential enemies, potential trophies.
This predatory mode of life, deeply ingrained by man's primordial
efforts to survive bare-handed in a hostile world, did not unfortunately die out with the success of agriculture: in the migrations of
peoples it tended to direct their animus against other groups, particularly when animals were lacking and the food-supply was dubious, and eventually the trophies of the chase assumed symbolic
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forms: the treasures of the temple or the palace became the object
of attack.
The advance in the "arts of peace" did not in itself lead to
peace: on the contrary, the improvement of weapons and the repression of na"ive hostilities under the forms of organized life, tended
to make war itself more savage. Unarmed hands or feet are relatively
innocent: their range is limited, their effectiveness is low. It is with
the collective organization and regimentation of the army that the
conflicts between men have rea(;hed heights of bestiality and terrorism
that primitive peoples, with their merely post-mortem cannibalism,
might well envy.
Finding the instruments of warfare more effective, men sought
new occasions for their use. Robbery is perhaps the oldest of laborsaving devices, and war vies with magic in its efforts to get something 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 finger in work or learnt a single meful skill. Lured by these possibilities, the hunter as civilization advances turns himself to systematic conquest: he seeks slaves, loot, power, and he founds the
political state in order to ensure and regulate the annual tributeenforcing, in return, a necessary modicum of order.
While pottery. basketwork, wine-making, grain-growing show only
superficial improvements from neolithic times onward. the improvement of the instruments of war has been constant. The three-field
system lingered in British agriculture down to the eighteenth century
while the tools used in the remoter areas of England would 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 to the musketeer, the musketeer had been turned into a smart, mechanically responsive infantryman, and the musket itself had become more deadly
in close fighting by means of the bayonet, and the bayonet in tum
had become more efficient by means of drill and mass tactics, and
finally, all the arms of the service had been progressively co-ordinated with the most deadly and decisive arm: the artillery

Ill. THE DANCE OF DEATH
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:iumph of mechanical improvement: a triumph of regimentation.
If the invention of the mechanical clock heralded the new will-toonler, the use of cannon in the fourteenth century enlarged the willto-power; and the machine as we know it represents the convergence
and systematic embodiment of these two prime elements.
The regimentation of modern warfare carries much farther than
the actual discipline of the army itself. From nmk to rank passes
the word of command: that passage would he impeded if, instead
of mechanical obedience, it met with a more active and participating
form of adjustment, involving a knowledge of how and why and
wherefore and for whom and to what end: the commanders of the
sixteenth century discovered that effectivene~s in mass-fighting increased in proportion as the individual soldier was reduced to a
power-unit and trained to be an automaton. The weapon, even when
it is 110t used to inflict death, is nevertheless a means for enforcing
a pattern of human behavior which would not be accepted unless
the alternative were physical mutilation or death: it is, in short,
a means of creating a dehumanized response in the enemy or the

victim.

The general indoctrination of soldierly habits of thought in the
seventeenth century was, it seems probable, a great psychological
id to the spread of machine industrialism. In terms of the barracks,
l"NIltiI·Ie of the factory seemed tolerable and natural. The spread
crj,J Jtjon and volunteer militia forces throughout the Western
the French Revolution made army and factory, so far
~ etIects went, almost interchangeable terms_ And the
."derizatioDs of the First World War, namely that
industrial operation, has also a meaning iD
:ria,liSlrD may equally well be termed a large-

1: Sixteenth century watch. Hahits 01
punctuality characterized the successful
hourgeoisie: hence the fashion of carry·
ing private time·keepers from t he six·
teenth century onward. The fantastic
shapes of many early watches show how
tardily the machine found its form.

2: The printing prpss was a powerful
agent for producing uniformity in Ian·
guage and so, by degrees, in thought.
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develop in respon~e to war long before it had any contributions of
importance to make to the arts of peace: but the quantifieation of
life, the concentration upon power as an end in itself, proceeded as
rapidly in this department as in trade. In back of that was a growing
contempt for life: for life in its variety, its individuality, its natural
ill!'urgence and exuberance. With the increase in the effectiveness
of weapons, came likewise a growing sense of superiority in the
sold ier himself: his strength, his death-dealing properties had been
IJeightened by technological advance. With a mere pull of the trigger,
he could annihilate an enemy: that was a triumph of natural magic.
6: Warfare and Invention
Within the domain of warfare there has been no psyehological
hindrance to murderous invention, except that due to lethargy and
routine: no limits to invention suggest them~elves.
Heals of humanity come, so to _ay, from other parts of the
environment: the herdsman or the caravaneer brooding under the
stars-a Moses, a David, a St. Paul--or the cily bred man, observing
closely the conditions under which men may live well together-a
Confucius, a Socrates, a Jesus, bring into society the notions of peace
and friendly cooperation as a higher moral expression than the subjection of other men. Often this feeling, as in St. Francis and the
Hindu sages, extend' to the entire world of living nature. Luther, it
is true, was a miner's son; Lut his areer proves the point rather
than weakens it: he was actively on the side of the knights and
soldiers "hen they ferociously put down the poor peasants who
dared to challenge them.
Apalt from the savage inroads of Tartars, Huns, Turks, it was
not until the machine culture became dominant that the doctrine of
untrammeled power was, practically speaking, unchallenged. Though
Leonardo wasted much of his valuable time in serving warlike princes
and in devi ing ingenious military weapons, he was still sufficiently
under the restraint of humane ideals to draw the line somewhere.
H suppressed the invention of the submarine boat because he felt,
as he explained in his notebook, it was too satanic to be placed in
the hands of unregenerate men. One by one the invention of machinet
4
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and the growing belief in abstract power removed these scruples,
withdrew these safeguards. Even chivalry died in the unequal con·
tests and the triumphant slaughter of the poorly armed barbarians
the European encountered in his post-Columbian spread throughout
the planet.
How far shall one go back in demonstrating the fact that war has
been perhaps the chief propagator of the machine? Shall it be to the
poison-arrow or the poison-pellet? This was the forerunner of poisongas: while not merely was poison gas itself a natural product of the
mine, hut the development of gas ma::;ks to combat it took place in
the mine before they were used on the battlefield. Shall it be to the
armed chariot with the scythes that revolved with its movement,
mowing down the foot-soldiers? That was the forerunner of the
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
embryo of the tnore mobile and effective flame-thrower of the last
war. Shall i~ be to the earliest high-powered engine that hurled
stones and javelins invented apparently under Dionysius of Syracuse
and used by him in his expedition against the Carthaginians in
397 B.C.? In the hands of the Romans the catapults could throw
stones weighing around 57 pounds a distance of 400 to 500 yards,
while their ballistas, which were enormous wooden cross-bows for
shooting stones, were accurate at even greater distances: with these
instruments of precision Roman society was doser to the machine
than in its aqueducts and baths. The sword smiths of Damascus ,
Toledo, Milan, were noted both for their refined metallurgy and
their skill in manufacturing armament: forerunners of Krupp and
Creuseot. Even the utilization of the physical sciences for more
effective warfare was an early development: Archimecle', the story
Pst concentrated the sun's rays by means of mirrors on the sails
of the enemy's fleet in Syracuse and burned the boats up. Ctesihius,
~""j.~I8:'4l11 the foremost scientists of Alexandria, invented a stea m cannon:
de igned another. And when the Jesuit father Francesco
'
III 1670 projected a vacuum dirigible balloon, he

_10 .
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emphasized its utility in warfare. In short the partnership between
the soldier, the miner, the technician, and the scientist is an ancient
one. To look upon the horrors of modern warfare as the accidental
resu1t of a fundamentally innocent and peaceful technical development is to forget the elementary facts of the machine's history.
In the development of the military arts the soldier has of course
borrowed freely from other branches of technics: the more mobile
fighting arms, the cavalry and the fleet, come respectively from the
pastoral and the fishing occupations: static warfare, from the trenches
of the Roman castra to the heavy masonry fortifications of the cities,
is a product of the peasant-the Roman soldier, indeed, conquered
through his spade as well as his sword-while the wooden instruments of siege, the ram, the ballista, the scaling ladder, the movingtower, the catapult, all plainly bear the stamp of the woodman. But
the most important fact about modern warfare is the steady increase
of mechanization from the fourteenth century onward: here militarism forced the pace and cleared a straight path to the development
of modern large-scale standardized industry.
To recapitulate: the first great advance came through the introduction of gunpowder in Western Europe: it had already been used
in the East. In the early thirteen hundreds came the first cannonor firepot!r-and then at a much slower pace came the hand-weapons,
the pistol and the musket. Early in this development multiple firing
was conceived, and the organ gun, the first machine-gun, was in-

•

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 themselves and for cannon-balls. While the development of armor called
forth the skill of the smith, the multiplication of cannon demanded
cooperative manufacture on a much larger scale: the old fashioned
methods of handicraft were no longer adequate- Because of the destructions of the forest, experiments were made in the uae of
in the iron furnaces, from the seventeenth century onward t and
a century later, the problem was finally solved by Abnh.·
in England, coal became a key to military as well u
industrial power. In France, the tint blast fumaeet --
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contempt f or 11 e: or I e 1Il lts variety, its individuality, its natural
insurgence and exuberance. With the increase in the effectiveness
of weapons, came likewise a growing sense of superiority in the
soldier him~elf: his strength , h i death·dealing properties had been
IJeightened hy technological a dvance. With a mere pull of the trigger,
lie could annihilate an enemy: that was a triumph of natural magic.
6: Warfare and Invention
Within the domain of warfare there has been no psychological
hindrance to murderou ' invention, except that due to lethargy and
routine: no limits to invention sugge~t themselve .
Ideals of humanity come, ,, 0 to say, from other parts of the
environment: the herdsman or the ca ravaneer brooding under the
stars-a Moses, a David, a St. P aul--or the city bred man, observing
closely the conditions under which men may live well together-a
Confucius, a Socrates, a Jesus, bring into society the notions of peace
and friendl y cooperation as a higher moral expression than the subjection of other men. Often this feeling, as in St. Francis and the
Hindu sages, extends to the entire world of living nature. Luther, it
is true, was a m iner' s son; but his career proves the point rather
than weak ns it: he wa actively on the ide of the knights and
soldiers wh n they ferociously put down the poor peasants who
dared to challenge them.
Apart from the savage inroad of Tartars, Huns, Turks, it was
not until the machine culture became dominant that the doctrine of
untrammel d power was, practically speaking, unehallenged. Though
Leonardo wasted much of his valuable time in serving warlike princes
and in d vising ingeniou , milita ry weapons, he was still sufficiently
under the re traint of huma ne iueals to draw the line somewhere.
He suppressed the invention of the submarine boat because he felt,
as he explained in his not book, it was too satanic to be placed in
the ha nds of unregenerate men. One by one the invention of machines
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and the growing belief in abstract power removed these scruples,
withdrew these safeguards. Even chivalry died in the unequal contests and the triumphant slaughter of the poorly armed barbarians
the European encountered in his post-Columbian spread throughout
the planet.
How far shall one go back in demonstrating the fact that war has
been perhaps the chief propagator of the machine? Shall it be to the
poison-arrow or the poison-peHet? This was the forerunner of poisongas: while not merely was poison gas itself a natural product of the
mine, but the development of gas masks to combat it took place in
the mine before they were used on the battlefield. Shall it be to the
armed chariot with the scythes that revolved with its movement,
mowing down the foot-soldiers? That was the forerunner of the
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 buming petroleum and Greek fire, the first of
which was used considerably before the Christian era? Here was the
embryo of the more mobile and effective flame-thrower of the last
war. Shall i~ be to the earliest high-powered engine that hurled
stones and javelins invented apparently under Dionysius of Syracuse
and used by him in his expedition against the Carthaginians in
397 B.C.? In the hands of the Romans the catapults could throw
stones weighing around 57 pounds a distance of 400 to 500 yards,
while their ballistas, which were enormous wooden cross-hows for
shooting stones, were accurate at even greater distances: with these
instruments of precision Roman sotiety was closer to the machine
than in its aqueducts and baths. The swordsmiths of Damascus,
Toledo, Milan, were noted both for their refined metallurgy and
their skill in manufacturing armament: forerunners of Krupp and
Creuseot. Even the utilization of the physical sciences for more
effective warfare was an early development: Archimede , the slory
goes, concentrated the sun's rays by means of mirrors on the sails
of the enemy's fleet in Syracuse and burned the boats up. Ctesibius,
one of the foremost scientists of Alexandria, invented a i:iteam cannon:
Leonardo designed another. And when the Jesuit father. Francesco
.
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emphasized its utility in warfare. In short the partnership between
the soldier, the miner, the technician, and the scientist is an ancient
one. To look upon the horrors of modern warfare as the accidental
resu1t of a fundamentally innocent and peaceful technical development is to forget the elementary facts of the machine's history.
In the development of the military arts the soldier has of course
borrowed freely from other branches of technics: the more mobile
fighting arms, the cavalry and the fleet, come respectively from the
pastoral and the fishing occupations: static warfare, from the trenches
of the Roman castra to the heavy masonry fortifications of the cities,
is a product of the peasant-the Roman soldier, indeed, conquered
through his spade as well as his word-while the wooden instruments of siege, the ram, the ballista, the scaling ladder, the movingtower, the catapult, all plainly bear the stamp of the woodman. But
the most important fact about modern warfare is the steady increase
of mechanization from the fourteenth century onward: here militarism forced the pace and cleared a straight path to the development
of modern large-scale standardized industry.
To recapitulate: the first great advance came through the introduction of gunpowder in Western Europe: it had already been used
in the East_ In the early thirteen hundreds came the first cannonor firepots--and then at a much slower pace came the hand-weapons,
the pistol and the musket. Early in this development multiple firing
was conceived, and the organ gun, the first machine-gun, was invented.
The effect of firearms upon technics was three-fold. To begin with,
they necessitated the large scale use of iron, both for the guns themselves and for cannon-balls. While the development of armor called
forth the skill of the smith, the multiplication of cannon demanded
cooperative manufacture on a much larger scale: the old fashioned
methods of handicraft were no longer adequate. Because of the destructions of the forest, experiments were made in the use of
in the iron furnaces, from the seventeenth century onwardl, and wheA,
a century later, the problem was finally solved by Abraham Darby
in England, coal became a key to military as well al to the
industrial power. In France, the first blast furnaeel were . .
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till ahout 1550, and at the end of the century France had thirteen
foundries, 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 internal
combustion engine: the first form of tIle modern gasoline engine, and
some of the early experiments in using explosive mixtures in motors
sought to employ powder rather 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 elaborate outworks, moats, and
salients, the latter so arranged that anyone bastion could come to
the aid of another by means of cross-fire. The business of defence
became complicated in proportion as the tactics of offence became
more deadly: road-building, canal-building, pontoon-building,
bridge-building became necessary adjuncts of warfare. Leonardo,
typically, offered his services to the Duke of Milan, not merely to
design ordnance, but to conduct all these engineering operations. In
short: war established a new type of industrial director who was not
a mason or a smith or a master craftsman-the military engineer.
In the prosecution of war, the military engineer combined originally
all the offices of the civil, the mechanical, and the mining engineer:
offices that did not begin to be fully differentiated until the eighteenth
century. It was to the Italian military engineers from the fifteenth
eentury on that the machine owed a debt quite as high as it did to
ingenious British inventors of James Watt's period.
the seventeenth century, thanks to the skill of the great Vauban,
of military offence and defence had almost reached a stale¥a....LD's forts were impregnable, against every form of attack
which he himself finally devised. How storm these solid
? Artillery was of dubious value, since it worked
only avenue open was to call in the miner,
IMIftfJlDle atone. In accordance with Vauban',
called sappers, were created in 1671,
of miners was raised. The
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sible, and it was through the invention of the bayonet, which toek.
place between 1680 and 1700, that the finer intimacies of perlOaaI
munler were restored to this art.
If the cannon was the first of the modem space-annihilating d.
vices, by means of which man was enabled to express himself at a
distance, the semaphore telegraph (first used in war) was perhap
the second: by the end of the eighteenth century an effective system
hau been installed in France, and a similar one was projected for the
American railroad service before Morse opportunely invented the
electric telegraph. At every stage in its modem development it was
war rather than industry and trade that showed in complete outline
the main features that characterize the machine. The topographic
survey. the use of maps, the plan of campaign-long before busine81
men devised organization charts and sales charts-lhe coordination
of transport, supply, and production [mutilation and destruction],
the broad divisions of labor between cavalry, infantry, and artillery
and the division of the process of production between each of mel.
branches; finally, the distinction of function between staff and
activities-all these characteristics put warfare far in advance
competitive business and handicraft with their petty, emlpiJ"MiIl'.1
short-sighted methods of preparation and operation. rile
in fact the ideal form toward which a purely ~
industry must tend. The utopian writers of the niD
like Beilamy and Cabet, who accepted this fact, We1Ie
than the business men who sneered at their ··iclIeaJUl
doubt whether the outcome was an ideal one..
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were brought into the field, their equipment became a much

... ier task. And a their tactics became mechanized, the in. truments

ueded to make their movements precise and well-timed were necesBarily reduced to uniformity too. Hence along with factory organization there came standardization on a larger scale than was to be
foaud ill aDY other department of technics except perhaps printing.

11ae ataadardization and mass production of muskets came at the
ead of the eighteenth century: in 1785 Le Blanc in France produced

IIttImb with inten-.hangeable parts, a great innovation in production,

ad the type of all future mechanical design. (Up to this time there

uniformity in even the minor elements like screws and
_idS.) In 1800 Eli Whitney, who had obtained a contract from
UIIliled States Government to produce arms in similar fashion
_ a aimilar tandardized weapon in his new factory at
-"The technique of interchangeable part manufacture,"
~'.".rw
u thu established in general outline before
eewing machine or the harvesting machinery.
waa a fundamental condition of the great achieve...Wi8lon and manufacturers in those fields."
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soldiery of the seventeenth century was a great mechanical feat,
Drill itself, alter the long lapse from Roman practice in the West,
was re-introduced in the sixteenth century and perfected by Prince
Maurice of Orange and Nassau, and the psychology of the new industrial order appeared upon the parade ground before it came, fullfledged, into the workshop. The regimentation and mass-production
of soldiers, to 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 uniform itself.
Despite sumptuary laws regulating the costumes of different social
and economic groups, there was no real uniformity in the costume
of the Middle Ages: no matter how common the pattern there would
always, by the very nature of intermittent handicraft production,
be individual variations and -1eviations. Such uniforms as existed
were the special liveries of the great princes or municipalities:
Michelangelo designed such a uniform for the Papal Guards. But
with the growth in size of the army, and the daily exercise of drill,
it was necessary to create an outward token of the inner unison:
while small companies of men knew each other by face, larger ones
could be ensured from fighting each other only by a large visible
badge. The uniform was such a token and badge: first used on a
large Icale in the seventeenth century. Each soldier must have the
..me elothes, the same hat, the same equipment, as every other memIlerofhit company: drill made them act as one, discipline made them
aad at one, the uniform made them look as one. The daily care
uiform was an important element in the new esprit de corps.
.. army of 100,000 soldiers, such as Louis XIV had, the
..ifOI!'II'II made no small demand upon industry: it was in
I!NtJtUe demand for absolutely standardized goods.
judgment, individual needs, other than
lIody, played no part in this new department
lor complete mechanization were
felt this solid demand, and when the
:VAn'ted by Thimonnet of Lyons in 1829,
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one is not surprised to find that it was the French War Departmeut
that sought first to use it. From the seventeenth century on the army
became the pattern not only of production but of ideal consumption
under the machine system.
Mark the effect of the large standing armies of the seventeenth.
century, and the even larger conscript armies whose success in France
during the Revolution was to be so potent in the future development
of warfare. An army is a body of pure consumers. As the auay
grew in size it threw a heavier and heavier burden upon ~roductive
enterprise: for the army must be fed and housed and eqUIpped, and
it does not, like the other trades, supply any service in return
except that of "protection" in times of war. In war, moreover, the
army is not merely a pure consumer but a negative producer: that
is to say, it produces illth, to use Ruskin's excellent phrase, instead
of wealth-misery, mutilation, physical destruction, terror, starvation and death characterize the process of war and form a principal
part of the product.
Now the weakness of a capitalist system of production, based upon
the de:ire to increase the ab tract tokens of power and wealth, is
the fact that the consumption and turnover of goods may be retarded
by human weaknesses: affectionate memory and honest workmanahip
These weaknesses sometimes increase the life of a product 10Dfj after
the time an abstract economy would have it ticketed for replacemlDli-;
Such brakes on production are automatically excluded from
army, particularly during the periods of active service: for the
is the ideal consumer, in that it tends to reduce toward zero
in time between profitable original production and
placement. The most wanton and luxurious houeeb.old . . . .
pete with a battlefield in rapid consumption. A thou,1UI1d
down by bullets are a demand more or less for a
uniforms, a thousand more guns, a thousand m
thousand shells fired from cannon cannot be _ again. In addition to all the mischances of
speedier destruction of stable equipmeot _II
Mechanized warfare, which
of standardized mass-production,
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h it any wonder that it always acts as a temporary tonic on the
system it has done so much to produce? QuantIty production must
rely for its success upon quantity consumption; and nothing ensures
replacement like organized destruction. In this sense, ,var is not only,
as it has been called, the health of the State: it is the hf'alth of
the machine. too. Without the non-production of war to balance accounts algebraically, the heightened capacities of machine production
can be wI"iUen 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
dodges have been exhausted, war helps avert the last alternative, so
terrible to the kept classes, so threatening to the whole system that

supports them.
8: Drill and Deterioration
The deterioration of life under the regime of the soldier is a commonplace: but just for that reason it needs to be sharpened ' by
explicit statement.
Physical power is a rough substitute for patience and intelligence
and cooperative effort in the governance of men: if used as a normal
accompaniment of action instead of a last resort it is a sign of extreme social weakness. When a child is intolerably balked by another
person without precisely seeing the cause of the situation and without
sufficient 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 beyond
the pragmaticalJy justifiable restrictions and simplifications of the
machine. And while the effort of culture is toward completer differentiation of perceptions and desires and values and ends, holding
the~. fr~m moment to moment in a perpetually changing hut stable
eqUilIbnum, the animus of war is to enforce uniformity-to extirpate
whatever the soldier can neither understand nor utilize.
In his pathetic desire for simplicity, the soldier at bottom extends
the empire of irrationality, and by his effort to substitute force fOf
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emotional and intellectual grasp, for naturalloyaltie!; and cohesions,
in short, for the organic proce<;,ses of social life, he creates that alternating rhythm of conquest and TPLeBion, repres~ions and repri als,
which has punctuated such large periods of mankind's exi::-tence.
Even when the warrior\; conquests are intelligently and almost Lenefi.·
cently made--us ill the later Inca Empire of Peru-the read ions
he sets in motion undermine the ends he has in view. For terrorism
and fear create a low psychic state. In the act of making hims;elf
a master, the soldier helps create a race of slaves.
As for the sense of self·esteem the soldier achieves through his
willingness to face death, one cannot deny that it has a perverse
life.enhancing quality, but it is common to the gunman and the
bandit, as well as to the hero: and there is no grounu for the soltlier's
belief that the battlefield is the only breeder of it. The mine, the
ship, the blast furnace, the iron skeleton of bridge or skyscraper,
the hospital ward, the childbed bring out the same gallant response:
indeed, it is a far more common affair here than it is in the life
of a soldier, who may spend his best years in empty drill, having
faced no more serious threat of death than that from boredom.
An imperviousness to life-values other than those clu -tered around
the soldier's underlying death-wish, is one of the most sinister
effects of the military discipline.
Fortunately for mankind, the army has usually been the refuge
of third-rate minds: a soldier of distinct intellectual capacity, a
Caesar or a Napoleon, stands out as a startling exception. If the
soldier's mind went into action as intensely as his body, and if his
intellectual discipline were as unremitting as his drill, civilization
might easily have been annihilated long ago. Hence the paradox in
technics: war stimulates i~1Vention, but the army resists it! The rejection of Whitworth's improved cannon and rifles in the midst of the
Victorian period is but a critical instance of a common process: Alfred
Krupp complained of similar resistance on the part of the army and
navy to technical advance. The delay in adopting the tank by the
. the World War Eohows how torpl·d even "grea
t"
German Army 111
warriors are. So in the end, the soldier has again and again become
the chief victim of his own simplification and short-cuts: in achieving
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machine-like precision and regularity, he has Io!'t the capacity for
intelligent response and adaptation. No wonder that in English to
$oldier means to withhold efficiency in work.
The alliance of mechanization and militarization was, in Eum,
an unfortunate one: for it tended to restrict the aetions of social
groups to a military pattern, and it encouraged the rough·and.
ready tactics of the militarist in industry. It was unfortunate for so·
ciety at large that a power.organization like the army, rather than
the more humane and cooperative craft guild, presided over the
birth of the modern forms of the machine.
9: Mars and Venus
If mechanical production was heightened and shaped by the active
d.ema~ds of the battlefie~d ~nd the parade-ground, it was also posSibly mfluenced by the mdlrect effects of war during the specious
intervals of repose.
War is the chief instIllment by means of which the rulin u classes
create the state and fix their hold upon the state. These rulin; classes
whatever their military animus and origin, alternate their
of .prowess with periods devoted to what Veblen in his Theory of the
LeIsure Class called the ritual of conspicuous waste.
. From the sixth century onward in Western Europe military feudalIsm had sha~ed economic power with the peaceful monasteries, which
formed an Important pillar in the social system: from the twelfth
century o~ ~e fe~dal lords had been curbed and kept in place by
the free cIties. WIth the rise of the absolute monarchs of the sixteenth cen~ury the o~d estates and corporations whose power had
been localIzed
and dIstributed and therefore balanced by reason 0 f
th.
I.
elr re a~lve autonomy, were absorbed, in effect, by the state: in the
~eat capitals of ~urope power was concentrated symbolically-and
~part actua!ly-m the absolute ruler. The culture of the great capiI, crystalhzed and expressed with utmost potency in the Paris of
XIV
iI" or the St.
• Petersburg of Peter the Great ' b ecame onem atarlst, regimented, oppressive. In that milieu the machine
~ ~ustily, for institutional life had bee~ mechanized,
die. became the focus, not merely of spending, but

outburst~

of capitalist production; and the lead they acquired then they have
retained right down to the present.
There is a psychological ground for the wastefulness and luxury
that manifested itself with such overpowering splendor in the sixteenth century, and that carried the forms of the camp and the court
into every hole and corner of the modern community. At bottom,
this new opulence was connected with the brutal, disorderly, irreligious mode of life which prevailed throughout society: it was not
a little like the raw outbur~ts of drunkenness and gambling that
alternated with the labor of the miner.
The military life, plainly, is a hard one. It involves, during its
active pursuit, a renunciation of the comforts and securities of a
normal dome5tie existence. The denial of the body, the deprivation
of the senses, the suppres-ion of spontaneous impulses, the forced
marches, the broken sleep, the exhaustion of the marrow, the neglect
of cleanliness-all these conditions of active service leave no place
for the normal decencies of existence, and except for short intervals
for lust or rape the soldier's exual life is limited, too. The more
arduous the campaign-and it was just at this period that the
mechanization of arms and the serious discipline of drill took away
the last remnants of gentlemanly ease and amateur sportsmanship-the greater the rigors and the tighter the checks, the more necessary
become the ultimate compensations.
When l\lars comes home, Venus waits for him in bed: the theme
is a favorite one with all the Renascence painters, from TintoreUoto Rubens. And Venus serves a double purpose: she not mt~
gives him her body directly, but she matches the superbia of
soldier with her own luxuria; and to the degree that she hat
neglected during the war she demands compensatory a\tel
times of peace. Venus's caresses are not by themselves
offset the abstentions and beastly crudeness of the
the body has been neglected, it must he glorified.
jewels, silks, perfumes, rare wines, anticipatinl
all possible means the erotic ritual itself. And
undone to gain her end: she exposes her IJI'O
undergarments, reveals her limbs, evea
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passer-by. ~rom the housemaid to the princess, women consciously
or unconSCIOusly adopt the habits of courtesans at the end f
. d f
0
a
~reat peno . 0 strain and disorder and warfare: so, extravagantly
h;e renews Itself. The women's styles that prevailed in the Wester~
~ orld. at the end of the last martial debauch match almost point
for pomt those that became fashionable at the end of the Directorydown to the removal of the corset and the temporary aLandomnent
of the petticoat.
J~st because the erotic impulses seek extra compensation for their
demal, they flow over and pervade every activity: the courtesan
cons~mes the substance of the ""arrior's conquests. A plethora of
phYSIcal goods gives special point to the triumphs of the soldier
and j.ustifies the pillage he brings home with him. Shakespeare
has gIven us an acute study of the relationship in Antony and Cleopatra; but the economic results of it are more important here than
the psychological consequences. Economically, the conquest of Mars
by Ven.us means the heightened demand for luxuries of all sorts:
for sat]l18, laces, velvets, brocades, for precious stones and gold
ornaments and finely wrought caskets to hold them: for downy
couch~s, perfumed baths, private apartments and private gardens
e.nclo~mg an Arbor ~f Love: in short, for the substance of an acquisitIve hfe. If the soldIer does not supply it, the merchant must: if the
~oot be not taken from the Court of Montezuma or a Spanish Galleon,
It must be earned in the counting house. Religion itself in these
courts and palaces had become an empty ceremony: is it any wonder
that luxury became almost a religion?
. Now observe. the cont~ast. Private luxury was not looked upon
WIth favor durmg the MIddle Ages: indeed, a private life, in the
mode~n sense,. scarcely existed. It was not merely that the sins
of pnde, avarIce and covetousness, with their possible by-products
o~ lechery and fornication , were, if not serious offenses, at least
h.m.dral~ces to salvation: it was not merely that the standards of
hvmg, Judged by purely financial id eals, were mode~t. But the Mid?le Ages, with their constant tendency to symbolize, used gold and
Jewels and. artful workmanship as emblems of power. The Virgin
could receIve such tributes because she was Queen of Heaven : the
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earthly king and queen, pope and prince, repl"esentatives of the
heavenly powers, might also have a certain measure of luxury to
indicate their station: finally, the guilds in their mysteries and
pageants might spend lavishly upon public shows. But luxury here
had a collective function: even among the privileged classes it did
not mean merely sensuous ease.
The breakdown of the medieval economy was marked by the
emergence of the ideal of private power and private pos"ession. The
merchant, the capitalist, the freebooter, the captain of the condottieri,
quite as much as the original lords and princes of the land, attempted
to take over and monopolize for themselves the functions of civic
life. What had been a public function became a private gesture: the
morality play of the church became the masque of the court: the
mural paintings that belonged to a place and an institution, became
the removable easel picture that belonged to a private indivinual.
With the medieval restriction of usury flouted under the church in
the fifteenth centurv and abandoned even in theory by the protestant
reformers of the sixteenth
century, the legal mechanism for acquisition on a grand scale went hand in hand with the social and
psychological demand for an acquisitive life. War was not of course
the only motivating condition: but the place where the new luxury
was most visible and where it was carried to a pi tch of refined
extravagance, was in the court.
Economically, the center of gravity shifted to the court : geograpically it shifted to the capital cities where the court-and the courtesan
-were both luxuriously housed. The great art of the Baroque period
is in the country houses and the town palaces: when churches and
monasteries were built, they were done in the same style: abstractly,
one could hardly tell the difference between the nave of one and
the ballroom of the other. One acquired riches in order to consume
goons according to the standards of the court: to " live like a prince"
became a byword. Over it all presided the courtesan. One acquired
power and riches in order to please her: one built her a palace: one
gave her many servants: one brought 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 counted 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 mono
strous palace of Versailles on the site of the old hunting lodge in
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 in flesh and stone and canvas: perhaps
its most splendid embodiment was in Rabelais's early conception
of the Abbey of Theleme. \\'hat went on at court became the criterion
uf a good life; and tile 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
coachman, cook and groom: but the court began likewise to take a
leading part in indu:.trial production, too: the new luxury of china
for the table became a monopoly of the royal 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 effort to put on a front, the use of adulterations and
substitutes became common. Marble was imitated in plaster, gold
in gilt, handwork in moulded ornament, glass was used instead of
precious stones. The reproduction for mass consumption of substitutes, as in the jewelry of Birmingham, took the place of the slow
original creation of genuine handicraft: the systematic cheapening
through mass production and inferior materials for the sake of
achieving an effect beyond one's means, occurred in ornament long
before it was applied to objects of u e. ·With the spread of courtly
ideals through society, the same change took place in the eighteenth
century as happened with the introduction of the "democratic" ideal
?f 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 was able to support James Watt
during the period when he was perfecting the steam engine.
The concentration upon insignificant luxuries as the mark of
econo~ic well-being was in many ways an unfortunate prelude to
mach me production; but it was not altogether sterile. As a result of
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as suggested by Hero was to create magical effects
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in the temple to awe the populace: and steam appears as an agent 0
work in the tenth century, when med by Sylvester II to operate
an organ. The helicopter was invented as a toy in 179~. Not merely
did moving images first appear a- a toy in the phenakl toscop.e, bu:
.. lantern , which wa utilizt'd in the eventual prO(llldlOn . of
th e magI<.:
these images, was a seventeenth century toy attr~buted to Atha~aslUs
Kircher. The gyroscope exi ted as a toy before It was. u, ed 5er~ou:.ly
as a stabilization device; and the success of toy airplanes III the
seventies helped renew intere t in the possibilities of flight. The
origin of the telephone and the phonograph is to be found in playful
automata; while the most powerful engines of the seventeenth century, the water-wheels at ~Iarly, were constructed to pump water into
the great fountains at Versailles. Even the de:.ire for speed in travel
fin;t appeared in a playful form before it was embodied in the railroad and the motor car: the promt;nade aerienne our present scenic
railway-appeared before either of the utilitarian devices.
The mechanical truth, ill short, wa~ sometimes first spoken in jest
-just as ether was first used in parlor games in America before it
was u ed in surgery. Indeeo, the child's na'ive intere t in moving
wheels remains in only faint di ... guises as a large part of the adult
interest in machines: "engine are buckets and hovels dre sed up
for adults." The pirit of play enfranchised the mechanical imagination. Once the organization of the machine had started, however,
the idle amusements of the aristocracy did not for long remain idle.
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10: Consumptive pun and Productive Drive

r

The development of the machine required both a trap and a bait
a drive and a pu1l, a means and a destination. Without doubt, th~
motive power came from technics and science: they were self-sustain_
ing interests, and with the smiths, the wheelwrights, the founders, the
dockmakers, and the growing body of experimenters and inventors ,
l11e machine established itself as the center of the productive process.
But why should production itself have assumed such enormous proportions? There is nothing within the machine milieu itself that can
explain this fact: for in other cultures production, though it might
create vast surpluses for public works and public art, remained
a bare necessity of existence, often grudgingly met-not a center
of continuous and overwhelming interest. In the past, even in Western
Europe, men had worked to obtain the standard of living traditional
to their place and class: the notion of acquiring money in order to
move out of one's class was in fact foreign to the earlier feudal and
corporate ideology. "\\'hen their living became easy, people did not
go in for abstract acquisition: they worked less. And when Nature
abetted them, they often remained in the idyllic state of the Polynesians or the Homeric Greeks, giving to art, ritual, and sex the best
of their energies.
The pull, as Sombart amply demonstrated in his little study of
Luxus und Kapitalismus, came mainly from the court and the
courtesan: they directed the energies of society toward an evermoving horizon of consumption. With the 'weakening of caste lines
and the development of bourgeois individualism the ritual of con·
spicuous expenditure spread rapidly throughout the rest of society:
it justified the abstractions of the mOlley-makers and put to wider
uses the technical progress of the inventors. The ideal of a powerful
expensive life supplanted the ideal of a holy or a humane one.
Heaven, which had been deferred to the Hereafter in the scheme of
the Christian cosmos, was now to be 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.
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Few doubted that the Palace u'as Heaven: few doubted its sacred.
ness. Even the poor, the overworked, the exploited were hypnotized
by this new ritual, and they permitted it to go on at their expense
with scarcely a murmur of protest until the French Revolution provided an interlude-after which the consumptive proce!:os was pursued again with re-doubled voracity and justified by hypocritical
promises of plenty to the masses ",ho paid the fiddler without calling
the tune. The abstention from earthly joys for the sake of the hereafter, a Hereafter such as was envisioned by St. John of Patmos, had
proved in fact to be one of those deceptive beatitudes, like the monasti c regimen, which had worked out in earthly life as the opposite
of the original aim. It was not a prelude to Heaven but a preparation
for capitalist enterprise. The necessity for abstention from immediate pleasures, the postponement of present goods for future
rewards, indeed the very word, used by nineteenth century writers
to justify the accumulation of capital and the taking of interest could
have been put in the mouth of any medieval preacher, endeavoring
to move men to put a~ide the immediate temptation~ of the flesh in
order to earn far greater rewards for their virtue in heaven. With
the acceleration of the machine, the gap in time between abstention
and reward could be lessened: at least for the middle classes, the
golden gates opened.
Puritanism and the (,ounter-reformation did not seriously challenge these courtly ideals. The military spirit of the Puritans, under
Cromwell, for example, fitted in well with their sober, thrifty, industrious life, concentrated upon money-making, as if by the avoidance
of idleness the machinations of the devil could be eluded without
avoiding devilish acts. Carlyle. the helated advocate of this militaristic puritani~m, knew no other key to salvation than ~e gospel. of
work: he held that even mammonism at its lowest was 111 connection
with the nature of thing" and "0 on the way to God. But acqui itive
ideaL in production nece~!'arily go hand in hand with acqui itiv
modes of consumption. The puritan, who perhaps put hi fortune
back into trade and industrial enterprise, in the long run
made the ideals of the court spread more widely. Eventual
society, if not in the life of the individual capitali t the day
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aaturnalia follows the puritan's sober efforts, In a
that knows no other ideals, spending becomes the chief source
01 clelisht: finally, it amounts to a social duty.
Goods became respectahIe and desirable apart from the life-needs
they served: they could he accumulated: they could be piled in palaces and storerooms: they could, when they resulted in surfeits and
duplications, he translated temporarily into the more ethereal forms
of money or hills of exchange or credit. To escape the lean restrictions of poverty hecame a sacred duty. Idleness was in itself a sin. A
life outside the purlieus of production, without special industrial
eHort, without money-getting, had ceased to be respectable: the
aristocracy itself, moved by its own heightened demands for luxuries
and services, compromised with the merchant and manufacturing
classes, married into them, adopted their vocations and interests, and
welcomed new arrivals to the Llessed state of riches. Philosophers
speculated, now with faltering attention and a distracted eye, upon
the nature of the good and the true and the heautiful. Was there any
doubt about it? Their nature was es entially whatever could be
embodied in material goods and profitably sold: whatever made life
easier, more comfortable, more secure, physically more pleasant: in
a word, hetter upholstered.
Finally, the theory of the new age, first formulated in terms of
pecuniary success, was expressed in social teJ.-ms by the utilitarians
of the early nineteenth century. Happiness was the true end of man,
aad it consisted in achieving the greatest good for the greatest
. .BJber. The essence of happiness was to avoid pain and seek pleas.
the quantity of happiness, and ultimately the perfection of
institutions, could be reckoned roughly by the amount of
lOCiety was capable of producing: expanding wants: expand·
expanding enterprises: ari expanding body of con·
_elaine made this possible and guaranteed its success,
to call a limit was treason, Happiness and expand.
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widely possible the servitude to ignoble i;tandards of consumption
that had grown up among the military aristocracies. From the seventeenth century on, the machine was conditioned by the disordered
social life of ~Testern Europe. The machine gave an appearance of
order to that chaos: it promised fulfillment for that emptiness: but
all its promises were insidiously undermined by the very forces that
gave it shape--the gambling of the miner, the power-lust of the
soldier, abstract pecuniary ends of the finallcier, and the luxurious
extensions of sexual power and surrogates for sex contrived by the
court and the courtesan. All these forces, all these purposes and
goals, are still visible in our machine-culture; by imitation they
have spread from class to class and from town to country. Good and
IJad, clear and contradictory, amenable and refractory-here is the
ore from which we must extract the metal of human value. Beside the
few ingots of precious metal we have refined, the mountains of slag
are enormous. But it is not all slag: far from it. One can even now
look forward to the day when the poison gases and caked refuse,
the once useless by-products of the machine, may be converted by
intelligence and social cooperation to more vital u::;es.

CHAPTER Ill.

•

THE EOTECHNIC PHASE

1: Technical Syncretism
Civilizations are not self-contained organisms. Modern. man coul~
not have found hi::; own particular modes of thought or lllvented IlH~
present technical equipment withou: drawing freely on the ~ultures
that had preceded him or that COlltlllHCd to develop about lnm. .
Each great differentiation in cnlture seems. to ~e t~e ~utco~le, 111
fact of a process of syncreti!:'m. Flinder- Petne, m ius dlSCUSSlO!l of
Egy'ptian civilization, has , hown that the admixture whi~h was. necessary for its development and fulfillment even had a rac1al baSIS.; and
in the development of Chri tianity it is plain that the most dIverse
foreign elements-a Diol1pian earth myth, Greek philosophy, Je,;ish Messianism, Mithraism, Zoroastrianism-all played a part 111
giving the specific content and even the form to the ultimate collection of myths and offices that hecame Chri::;tianity.
Before this syncretism can take place, the cultures from which
•
the elements are drawn must either be in a state of di~solution, or
sufficiently remote in time or ~ pace so that single elements can be
extracted from the tangled ml1 s of real institutions. Unless this condition existed the elements themselve' would not be free, as it were,
to move over toward the new pole. Warfare acts as such an agent of
dissociation, and in point of time the mechanical renascence of
Western Europe was a~so('iated with the shock and stir of the Crusades. For what the new civilization picks up is not the complete
forms and institutions of a solid culture, but just those fragments
that can be transported and transplanted: it uses inventions, patterns,
ideas, in the way that the Gothic builders in England used the occa107
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siOJl31 stones or tiles of the Roman villa in combination with the
native flint and in the entirely different forms of a later architecture.
If the villa had still been standing and occupied, it could not have
been conveniently quarried. It is the death of the original form, or
rather, the remaining life in the ruins, that permits the free working
over and integration of the elements of other cultures.
One furtber fact about syncretism must be noted. In the first stages
of integration, before a culture has set its own definite mark upon
the materials, before invention has crystallized into satisfactory
l1ahits and routine, it is free to draw upon the widest sources. The
heginning and the end, the first absorption and the final spread and
conquest, after tbe cultural integration has taken place, are over a

world\\-"ide realm.
These generalizations apply to the origin of the present-day machine civilization: a creative syncretism of inventions, gathered from
the technical debris of other civilizations, made possible the new
mechanical Lody. The waterwheel, in the form of the Noria, had
been used by the Egyptians to raise water, and perhaps by the
Sumerians for other purposes; certainly in the early part of the
Christian era watermiIls had become fairly common in Rome. The
windmill perhaps came from Persia in the eighth century. Paper,
the magnetic needle, gunpowder, came from China, the first two
Lly way of the Arabs: algebra came from India through the Arabs,
and chemistry and phy:,iology came via the Arabs, too, while geometry and mechanics had their origins in pre-Christian Greece. The
steam engine owed its conception to the great inventor and scientist,
Hero of Alexandria: it was the translations of his works in the sixteenth century that turned attention to the possibilities of this instrument of power.
In short, most of the important inventions and discoveries that
se~ved as the nucleus for further mechanical development, did not
anse, as Spengler would have it, out of some mystical inner drive
of the Fall.tian soul: they were wind-blown seeds from other cuI·
tures. After the tenth century in Western Europe the ground was, as
I ha.ve shown, well plo""ed and harrowccl and dragged, ready to
I
.
receIve these seeds·, anu,1·}·1
,~ 11 e t h e pants
t1lemselves were growmg,
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the cultivators of art and science were busy keeping the soil friable.
Taking root in medieval
culture, in a different climate and SOl,
'I t h ese
.
of the mac1nne sported .and
seeds
.
' took
. on new forms·. perh aps, precIse1y )ccause they had not on glOated 111 Western Europe and had no
natural enemies tllere, they grew as rapidly and gigantically as the
Canada thi ~tle when it made its way onto the South American pampas.
But at no point-and this is the impOltant thing to remember-did
the machine represent a complete break. So far from being unprepared for in human history, the modern machine age cannot be
understood except in terms of a very long and diverse preparation.
The notion that a handful of British inventors suddenly made the
wheels hum in the eighteenth century is too crude even to dish up
as a fa iry tale to children.
2: The Technological Complex
Looking buck over the last thousand years, one can divide the
development of the machine and the machine civilization into three
successive bnt ol'er-lrzppiTlg anci interpenetrating phase.~: eotechnic,
paleotechnic, neotedmic. The demonstration that industrial civilization was not a single whole, but showed two marked, contrasting
pha sc~, ",us fir~t made by Professor Patrick Geddes and published
a generation ago. In defining the paleotechnic and neotechnic phases,
he how ,'cr neglected the important period of preparation, when
all the key inventions were either invented or foreshadO\red. So,
following the archeological parallel he called attention to, I shall
call the filA period the eotecllllic phase: the dawn age of modern
tedmics.
While each of these pha.es roughly represents a period of human
hi~tory, it is char[lcPrized even more significantly by the fact that
it forms a t "l'hnological complex. Each pha e. that is, has its origin
in certain deflllite f"gions and tends to employ certain special re~ourc{' and raw materia Is. Each phase has its specific means of
utilizing al1l1 generating energy, and its special form' of production.
Finally, ('Hell pha. e brings into existence partic.ular type of workers,

traills tlH'll1 in particular ways, develops certain aptitudes and dis-
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courages otherg, and draws upon and further develops certain aspects
of the social heritage.
Almost any part of a technical complex will point to alld symholize
a whole series of relationships within that complex. Take the various
types of writing pen. The goose-quill pen, sharpened by the user, is
a typical eotechnic product: it indicates the handicraft basis of in.
dustry and the close connection with agriculture. Economically it is
cheap; technically it is crude, but easily adapted to the style of the
user. The steel pen stands equally for the paleotechnic phase: cheap
and uniform, if not durable, it is a typical product of the mine, the
steel mill and of mass-production. Technically. it is an improvement
upon the quill-pen; but to approximate the same adaptability it must
be 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 its automatic action, it
points to the finer neotechnic economy: and in its use of the durable
iridium tip the fountain pen characteristically lengthens the service
of the point and reduces the need for replacement. These respective
characteristics are reflected at a hundred points in the typical environment of each phase; for though the various parts of a complex
may be invented at various times, the complex itself will not be in
working order until its major parts are all assembled. Even today
the.neotechni~ com?lex still awaits a number of inventions necessary
to Its perfectIOn: In particular an accumulator with six times the
voltage and at least the present amperage of the existing types of
cell.
Speaking in terms of power and characteristic materials the
~otechnic pha~e is a water-and-wood complex: the paleotechnic ~hase
IS a coal·and-Iron complex, and the neotechnic phase is an electricityand-all~y complex. It was Marx's great contribution as a sociological
e.conomlst to see and partly to demonstrate that each period of invention and production had its own specific value for civilization, or,
as he• would have p Ut·t
··
· · The machine cannot
1, 1·tsown h
Istonc
mISSIOn.
~ dlv~rced from its larger social pattern; for it is this pattern that
lIves It meaning and purpose. Every period of civilization carries
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the insignificant refuse of past technologies and the imWIt 111
portant germs of new ones: but the center of gro~th lies within its
, } '1 I't

own complex.
The dawn-age of our modern technics stretches roughly from the
ear 1000 to 1750. During this period the dispersed technical ad·
~anccs and suggestions of other civilizations were brought together,
and the process of invention and experimental adaptation went on
at a slowly accelerating pace. Most of the key inventions necessary
to universalize the machine were promoted during this period; there
is scarcely an element in the second phase that did not exist as a
germ, often as an embryo, frequently as an independent being, in
the first phase. This complex reached its climax, technologically
speaking, in the seventeenth century, with the foundation of experimental science, laid on a basis of mathematics, fine manipulation,
accurate timing, and exact measurement.
The eotechnic phase did not of course come suddenly to an end
in the middle of the eighteenth century: just as it reached its climax
first of all in Italy in the sixteenth century, in the work of Leonardo
and his talented contemporaries, so it came to a delayed fruition in
the America of 1850. Two of its fine_t products, the clipper ship and
the Thonet process of making bent-wood furniture, date from the
eighteeen-thirties. There were parts of the world, like Holland and
Denmark, 'which in many districts slipped directly from an eotechnic
into the neotechnic economy, without feeling more than the cold
shadow of the paleotechnic cloud.
With re_ peet to human culture as a whole, the eotechnic period,
though politically a chequered one, and in its later moments characterized by R deepening degradation of the industrial worker, was
one of the most brilliant periods in hi tory. For alongside its great
mechanical achievements it built cities, cultivated fandscapes, construded buildings, and painted pictures, which fulfilled, in the
realm of human thought and enjoyment, the advances that were being
decisiyely made in the practical life. And if this period failed to
estahlish a just and equitable polity in society at large, there were
at least moments in the life of the monastery and the commune thRt
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were close t? its dream: the afterglow of this life was recorded in
More's Utopia and Andreae's Christianopolis.
. Noting t~e underlyi~g unity of eotechnic civilization, through all
III costume and creeJ " one must l()ok Upon Its
'
Its superficIal
changes
.
,
successIve
cult
, IS
,
, portIOns as expressions of a single
'
. lIre . TIll' s POlllt
now bemg re-enforced hy scholars who have
conle to d l~
',I It' ]'leve
. ]11
'
,
the notion of the gigantie break surpo~cJ to have been made durin"0
the Re.nasc:nce: a contemporary illusion, unduly emphasized L
But one must add a qualification: namely, that
the IIlcreasmg technical advance., of this society t}Jere "'a s, f or reasons partl! md~pendent of the machine itself, a corresponding
cultural dIssolutIOn and decay. In short, the Renascence was not
socially. speaking, the dawn of a new day, hut its twilight. Th;
mechamcal ~rts advanced as the humane arts weakened and receded, and It was at the moment when form and civilization had
mo~t completely broken up that the tempo of invention became more
rapId, and the multiplication of machines and the increase of power
took place.

late~ hlstor~ans.
•

wit~

,_

-

y. .

3: New Sources of Power
At the ~o~to.m of the eotechnic economy stands one important
fact: the dImInIshed use of human beings as prime movers and the
~para~ion of the production of energy from its applic:tion and
ImmedIate con.trol. While the tool still dominated production energy
and human skIll were united within the era ftsman himself: with the
separation of these two elements the productive process itself tended
to~ard a greater impersonality, and the machine-tool and the rnachlOe. developed along with the new engines of power. If power
machmery
b e a cntenon,
..
. revolution began
•
th e modern .
mdustnal
JD the twelfth century and was in full swing by the fifteenth.
The eotechnOlC peno
. d was marked first of all by a steady increase
actual horsepo~er. This. came directly from two pieces of apfirst, the mtroduction of the iron horseshoe, probably in
~, a device that increased the range of the horse, by
\0 other regions besides the grasslands, and added
power by giving his hoofs a grip. Second: by
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century the modern form of harness, in which the pull is
th
the ten
.
.
houlder instead of at the neck, was re·mvented
10 WestS
met a t tto()pe-it
I e,
. . '
haJ exdeo
10 ClIma a~ early as 200 B.c.-and by
ern E,Ill
the twelfth celltury, it had supplanted the inefficient harness the
Romans had known. The gain was a considerable one, for the horse
• 110W not merely a useful aid in agriculture or a means of transW,l~
ort: he lweame likewise an improved agent of mechanical pro~uction: mills utilizing hor,cpower directly for grinding com or
for pumping water came into exislence all over Europe, sometimes
supplementing other forms of non·human power, sometimes serving
as the principal source. The incrca~e in the number of horses was
made possihle, again, by improvements in agriculture and by the
opening up of the hitherto sparsely cultivated or primeval forest
areas in northern Europe. This created a condition somewhat similar to that which was repeated in America during the pioneering
period: the new colonbt~, with plenty of land at their disposal, were
lacking above all in labor power, and were compelled to resort to
ingenious labor-saving device- that the better settled regions in the
south with their surplus of labor and their ea ier conditions of living
were never forced to invent. This fact perhaps was partly responsible
for the high degree of technical initiative that marks the period.
But while hor ~e power en ured the utilization of mechanical
methods in regions not otherwise favored by nature, the greatest
technical progre8- came aLout in regions that had abundant supplies
of wind and water. It was along the fast flowing streams, the Rhone
and the Danube and the small rapid rivers of Italy, and in the North
Sea and Baltic areas, with their strong winds, that this new civilization had its firmest foundations and some of its most splendid cultural
•
expresSIOns.
Water-wheels for raising water in a chain of pots and for workinl
automatic figures were described by Philo of Byzantium in tho
third century B.C.; and water-mills were definitely recorded in
Rome in the first century B.C. Antipater of Thessalonica, a
temporary of Cicero, sang his praise of the new mills in
lowing poem: "Cease from grinding, ye women who oil
mill; sleep late even if the crowing cocks announce

114

TECHNICS AND CIVILIZATION

Demeter has ordered the Nymphs to perform the work ?f your hand,
and they, leaping down on the top of the wheel, turn It~ ax~e which,
·th its revolving spokes, turns the heavy concave Nli:;ynan mill.
;~nes. We taste again the joys of the primitive life, learning to feast
on the products of Demeter without labor." The allusion is signifi.
cant; it shows, as Marx pointed out, how much more humanely
classic civilizations regarded labor·saving devices than did the enter.
prisers of the nineteenth century; and it proves, furtllermore, that
though the more primitive horizontal wheel was probably earlier,
and because of its simple construction was used widely, the more
complicated vertical type had come into use-and apparently like.
wise with the more efficient overshot wheel. Vitruvius, in his treatise
on architecture, describes the design of gearing to regulate the speed.
Unlike the elaborate sanitary facilities of Rome, the water·mill
never fell into complete disuse. There are allusions to such mills, as
Usher points out, in a collection of Irish laws in the fifth century;
and they crop out at intervals in other laws and chronicles. Though
first used to grind corn, the water·mill was used to saw wood as
early as the fourtlI century; and while, with the breakdown of the
Empire and the decrease of the population, the number of mills may
have decreased for a time, they came back again in the land.redemp.
tion and the land·colonization that took place under the monastic
orders around the tenth century: by the time the Domesday Book
survey was made there were five thousand water·mills in England
alone--about one to every four hundred people-and England was
then a backward country on the fringe of European civilization. By
the fourteenth century, the water·mill had become common for manu·
facturing in all the great industrial centers: Bologna, Augsburg, VIm.
Their use possibly worked down the rivers toward the estuaries; for
in the sixteenth century the low countries used water·mills to take
advantage of the power of the tides.
Grinding grain and pumping water were not the only operations
for which the water·mill was used: it furnished power for pulping
rap for paper (Ravensburg: 1290): it ran the hammering and cut·
ting machines of an ironwork. (near Dobrilugk, Lausitz, 1320): it
awed wood (Augaburg: 1322): it beat hides in the tannery, it fur.
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. I d power for spinning silk, it was used in fulling-mills to work
nlS Ie
..,
the felts, and it turned the gnndmg machmes of the armorers.
~~ile wire.pulling machine invented by Rudolph of Niirnberg in 1400
In the mining and metal working opera·
was wor ked by water·power.
•
.
Dr . Georg Bauer de,,('riiJed the great convenience of water·
tlOns
powp,r for pumping purpo~e:, in. the mine, and su?gested that if it
could he utilized conveniently, It hould be u ed mstead of horses
As early
as the
or man·pOh"C I' to turn the underground machinery..
.
fifteenth century, water-mills were u ed for eru hlllg ore. The 1m·
portance of water-power in relation to the iron indu~tries cannot
be over-estimated: for by utilizing thi power it wa possible to
make more powerful bellow. , attain higher heats, use larger fur·
naces, and therefore increase the production of iron.
The extent of all these operations, compared with those under·
taken today in Es~en or Gary, was naturally small: but so was the
society. The diffusion of power was an aid to the diffusion of popu·
lation: as long a industrial power was represented directly by the
utilization of energy, rather than hy financial investment, the balance
between the various regions of Europe and between town and country
within a region was pretty evenly maintained. It wa only with the
swift concentration of financial and political power in the sixteenth
and seventeenth centuries, that the excessive growth of Antwerp,
London, Am~terdam, Paris, Rome, Lyon, Naples, took place.
Only second to waterpower in importance was wind power. What·
ever the route it entered, the windmill pread l"'lpidly in Europe, and
it was widely diiTused by the end of the twelfth century. The first
definite knowledge of the windmill come from a charter in 1105
authorizing the Ahbot of avigny to establUI windmill in the dioce&e
of Evreu . , Bayeux. and Coutances; in England, the first date is 1143,
and in Venice 1332: in 1341 the Bishop of Utrecht sought to estab·
lish authority over the wind that blew in his province: that in itself
is almo~t enough to e::;tabli h the industrial value of the windmill
in the Low Conntrie by thi time.
Apart from the wind-turbine, de cribed as early al 1438, th
were three type . In the most primitive type the entire stru ure laCIIII
the prevailing wind: in another. the entire tructure tumed to
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sometimes being mounted on a boat to facilitate thi::;; al\(l in the OlO~t
developed type the turret alone turned. The mill reached its greatest
size and its most efficient form in the hands of the Dutch engineers
toward the end of the sixteenth century, although the Italian elloi.
neers, including Leonardo himself, who is usually given creuit £:r
the turret windmill, contributed their ::;hare to the machine. In this
development the Low Countries were almost as much the center of
power production as England was during the later coal and iron
regime. The Dutch provinces in particular, a mere film of sanu ,
drenched with wind and water, plowed from one end to the olher
by the Rlline, the Amstel, the l\1aas, de\'elopcd the windmill to the
fullest possible degree: it ground the grain produced on the rich
meadows, it sawed the wood brought down from the Baltic coa. t to
make tlle great merchant marine, and it ground the spices-some five
hundred thousand pounds per annum hy the seYeuteenth centurythat were brought from the Orient. A similar civilization spread up
and down the peaty marshlands and barrier beaches from Flanders
to the Elbe, for the Saxon and East Frisian shores of the Baltic had
been repeopled by Dutch colonists in the twelfth century.
Above all, the windmill was tlle chief agent in land reclamation.
The threat of inundation by the sea led these North Sea fishermen
and farmers to attempt not only to control the water itself, but hy
keeping it back, to add to the land. The game was worth the effort,
for this heavy soil provided rich pasture, after it was drained and
sweetened. First carried on by the monastic order~, thi · reclamation
had become, by the sixteenth century, one of the major industries
of the Dutch. Once the dyke5 were Luilt, however, the prohlem was
how keep the area under the level of the sea clear of water: the
windmill, which operates most steadily and strongly prcci~t'ly when
the storms are most fierce, was the means of raising the water of
the rising streams and canals: it maintained the halance hetween the
water and the land that made life possible in this prpcarious situation. Under the stimulus of self-imposed necessity, the Dutch became
the leading engineers of Europe: their only rivals were in Italy.
When the English, in the early seventeenth century, wi::;llcd to drain
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their fens, they invited Cornelius Vermeyden, a celebrated Dutch
ineer to undertake ilie job.
g
eThe
n ,ain in energy ilirough
' wm
'd an d water power was not
usmg
merely gdirect. By making possible ilie cultivation of ilie rich soil of
these mechanical instruments reversed, that steady degrar
Id
e
po
e,
th
'
f the soil which had resulted from the cuttmg, down of ilie ford a110n 0
and from the improvident system of agnculture iliat had
est coverd the best Roman practice. Land bUI'ld'mg an d'"
ungatlon are
d
succee
e f planned regenerative
, agncu
' Iture: ~L
'd ml'11 a dded
Ule
wm
,
the SIgns 0 a ,
,
of energy avilable by helpmg to ilirow open
t the amount
o ,
'k
a b so1ute1y
, h 1 ds as well as by protectmg iliem and helpmg to wor
these 1'1C an ,
up their ultimate products.
"
.
This development of wind and water power dId not rea~h Its heIght
,
rt. of Europe until the seventeenth century: m England,
In most pa s
.
f
' hteenth century . How great was the mcrease 0 nonnot h'II tIle eig
,
y during this period? Wnat was ilie sum total of nonorgamc energ
"
,
.
human energy applied to productIOn? It IS dIfficult, perhaps Impos'bl t make even a rough guess as to ilie total amount of energy
Sl e, 0
,
•
d'l f
th
available: all one can say is that it kept mcreasmg stea I y rom e
eleventh century on. Marx observed that in Holland as late as 18~6
there were 12,000 windmills in existence, giving as much as ~1X
thousand horse.power: but the estimate is too low: for one. autbonty
rates the average efficiency of the Dutch windmills as hIgh a.s ten
horse-power each; while Vowles notes that the ordinary old-fashIOned
type of Dutch windmill with four sails each twenty-fou~ feet long
and six feet wide generates about 4.5 brake horse-power m a twenty
mile wind. Of course this estimate does not include the wa~er power
that was being used. Potentially, the amount of e~ergy.a~~ila~le for
roduction was high as compared wiili any previOUS clvlbzatlon. In
P
. existence
ilie seventeenth century ilie most powerful prime mover m
was the waterworks for Versailles: it developed a hundred horaepower and could raise a million gallons a day 502. feet. But
ear: ,-,- <-",.
as 1582 Peter Morice's tide-mill pumps, erected m London,
four million gallons of water a day through a 12 inch pipe
tank 128 feet high.
While the supply of both wind and water wu
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vagaries of local weather and the annual rainfall, there was prob.
ably compared to the present day less stoppage through variati
in the human labor requirement, owing to strikes, lockouts, and
production. In addition to this, since neither wind nor water-power
co~ld be effectually monopolized-despite many efforts from the
thIrteenth century on to prohibit small mills and querns, and to establish the custom of grinding at the lord's mill-the source f
energy itse.If was free: once built, the mill added nothing to the co:t
of productIOn. U~like the later primitive steam engine, both a large
and a costly devIce, very small and primitive water mills could b
built, and were built; and since most of the moveable parts were
wood and stone, the original cost was low and the deterioration
through seasonal disuse was not as great as would have been the
case had iron been used. The mill was good for a long life; the
upkeep was nominal; the supply of power was inexhaustible_ And
so far from robbing the land and leaving behind debris and depopulated villages, as mining did, the mills helped enrich the land and
facilitated a conservative stable agriculture.
. Th~nks
the menial services of wind and water, a large
mtelhgentsla could come into existence, and great works of art and
scholarship and science and engineering could be created without
recourse to slavery: a release of energy, a victory for the human
spirit. Measuring the gains not in horsepower originally used but
in work finally accomplished, the eotechnic period compares favorably both with the epochs that preceded it and with the phases of
mechanical civilization that followed it. When the textile industries
_~ an unheard of volume of production in the eighteenth cen·
it was by means of water·power, not the steam engine, that this
... achieved; and the first prime mover to exceed the poor five
eent efficiency of the early steam engines was Fourneyron's
a further development of the Baroque spoonwheel,
1832. By the middle of the nineteenth century water·
8.P. had been built. Plainly, the modern industrial
COIRoe into existence and gone on steadily had
in England, and had not a new iron mine

o:e:~

o~

"0

4: Trunk, Plank, and Spar
The mystic identification with the life of the old torestB, which one
feels in the ballads and folk·tales of the period, expressed a fact
about the civilization which was emerging: wood waB the univenal
material of the eotechnic economy.
First of all, wood was the foundation of itB building. All the
elaborate masonry forms were dependent upon the work of the car·
penter: it was not merely that the piers themselves, in the later gothic
construction, resembled tree trunks laced together or that the filtered
light within the church had the dimness of the forest, while the elect
of the bright glass was like that of the blue sky or a BunBet seen
through the tracery of branches: the fact is that none of thiB con·
struction was possible without an elaborate falsework of wood: nor
without wooden cranes and windlasses could the stones have heen
conveniently raised the necessary heights. Moreover, wood alternated with stone as a building material; and when in the Bixteenth
century the windows of the dwelling began to imitate in breadth
and openness those of the public buildings, wooden beama canied
the load across a space impossible for ordinary stone or brick COBstruction to span: in Hamburg the burgher houses of the ,ide -"
century have windows across the whole front.
As for the common tools and utensils of the time, they were
often of wood than of any other material. The carpenter'. toola
of wood, but for the last cutting edge: the rake, the oxyob.
the wagon, were of wood: so was the washtub in the
was the bucket and so was the broom: 80 in certain . was the poor man's shoe. Wood served the farmer
worker: the loom and the spinning.wheel, the
wine presses were of wood, and even a hund:ltlllt
printing press was invented, it was eti1l made """ ';
pipes that carried water in the citiea Wel~O
the cylinders of pumps. One rocked a . .
wooden bed; and when one dined OIUI
a wooden vat and put the r

cork, introduced after the
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mentioned in the fifteenth century. The ships of course were made
of wood and pegged together with wood: but to say that is only to
say that the principal machines of industry were likewise made of
wood: the lathe, the most important machine-tool of the period, was
made entirely of wood-not merely the base but the moveable parts.
Every part of the windmill and the water-mill except for the grinding and cutting elements was made of wood, even the gearing: the
pumps were chiefly of wood, and even the steam engine, down to
the nineteenth century, had a large number of wooden parts: the
boiler itself might be of barrel construction, the metal being confined to the part exposed to the fire.
In all the operations of industry, wood played a part out of all
proportion to that played by metals: had it not, indeed, been for the
demand for metal coins, armor, cannons, and cannon-balls during
this period, the need for metals would have been relatively insignificant: it was not merely the direct use of wood, but its part in
mining and smelting and forging, that was responsible, as I pointed
out before, for the destruction of the forests. The operations of mining demanded wooden beams to serve as shoring: wooden carts transported the ore, and wooden planks carried the load over the uneven
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 provided the finger-exercises of the new industrialii:im.
The debt of iron to wood was a heavy one: as late as 1820 Ithiel
Town, a New Haven architect, patented a new type of lattice truss
bridge, free from arch action and horizontal thrust, which became the
prototype of many later iron bridges. As raw material, as tool, as machine-tool, as machine, as utensil and utility, as fuel, and as final
product wood was the dominant industrial resource of the eotechnic
phase.
Wind, water, and wood combined to form the basis for still another important technical development: the manufacture and operation of boats and ships.
If the twelfth century witnessed the introduction of the mariner's
oompasa, the thirteenth brought the installation of the permanent

rudder, used instead of the oar for steering, and the sixteenth introduced the use of the clock to determine longitude and the use of the
quadrant to determine latitude--while the paddle-wheel, which was
not to become important until the nineteenth century, was invented
possibly as early as the sixth century, and was designed definitely in
1410, if not put into use until later. Out of the needs of navigation
came that enormous labor-saving device, the logarithmic table,
worked out by Briggs on Napier's foundation, and a little more than
a century later the ship's chronometer was finally perfected by
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Harrison.
At the beginning of this period sail , which had hitherto been used
chiefly wiLh oars, began to supplant them and wind took the place
of human muscle for working ships. In the fifteenth century the twomasted ship had come into existence: but it was dependent upon a
fair wind. By 1500 the three-masted sllip had appeared, and it was
so far improved that it could beat against the wind: long ocean voyages were at last possible, without a Viking's daring and a Job's
patience. As shipping increased and the art of navigation improved,
harbors were developed, lighthouses were placed on treacherous
parts of the coast, and at the beginning of the eighteenth century the
first lightships were put to anchor on the Nore Sands off the English
coast. With growing confidence in his ability to steer, to make headway, to find his position, and to reach port, the sailor replaced the
slow land routes with his water routes. The economic gain due to
water transport has been calculated for us by Adam Smith: "A
hroad-wheeled wagon," he observes in The Wealth of Nations, "attended hy two men and drawn by eight horses, in about six weeks'
time cn rries and brings back between London and Edinburgh near
four ton weight of goods. In about the same time a ship navigated
by :;ix or eight men, and sailing between the ports of Lond~n and
Leith, frequently carries and bring back two hundred ton wel~t of
goods. Six or eight men, therefore, by the help of water ca~laPt
can carry and bring back in the same time the same quantlty of
goods between London and Edinburgh, as 50 broad-wheeled w. . . .
~ttended hy a hundred men, and drawn by 400 horses."
But ships served not only for facilitating international tralllSt-
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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 at the beginning and the other at the end of tlle eo technic period
were Venice and Amsterdam: both of them built 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 agriculture, canals also became the new highways in the more progressive
regions of Europe. It was on the canals of Holland that the first regular and reliable transportation service came into existence: almost
two centuries before the railroad. "Except in the case of ice," as
Dr. H. W. Van Loon observes, "the canal boat 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 between 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 trans-regional canals that served to coordinate industry, agriculture, and transport. Incidentally. the contained and quiet waters of
the canal, with its graded bank and its tow-path, was a great laborsaving device: the effectiveness of a man and a single horse, or a
man with a pole, is incomparably higher on a water highway than
on a land highway.
The order of development here is significant. Apart from beginnings in Italy-including Leonardo's plan for improving the navigation of rivers by canalization and locks-the first great system of
canals 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
city canals of New Amsterdam-in the nineteenth century. The progressive 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 effected a closer, union between town and country. Even in Am~rica one .could see the typical eotechnic pattern of
opulation and mdustry In the State of New York around 1850,
~hen, on the basis of local saw mills, local gristmills, and an interlacing system of canals and dirt roads, the entire state was populated
with remarkable evenness, and industrial opportunities were available at almost every point in the entire region. This balance between
agriculture and industry, this diffusion of civilization, was one of
the great social achievements of the eotechnic period: to this day, it
ives to the Dutch village an outward touch of fine urbanity; and it
:fIers 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 designed until the
eighteen fOlties, and it was not until the twentieth century that the
triangular type of mainsail replaced the topheavy polygon on the
smaller craft and improved their speed. The sailing ship, like the
windmill and the water-mill, was at the mercy of wind and water:
but the gains in labor-saving and in horse-power, though again incalculablp, were tremendously important. To speak of power as a
recent acquisition of industry is to forget the kinetic energy of .f~ll
ing water and moving air; while to forget the ~a~ of the saihng
ship in power-utilization is to betray a landlubber S Ignorance of ~
realities of economic life from the twelfth century down to the third
. the Sh'I~ .was In
. d'lrectly a
quarter of the nineteenth. Apart from thiS,
factor in rationalizing production and standardlzmg goods_ Thus
.
Jarge factories for manufacturmg
sh"lp s b'ISCUl'tS were built in HoI·
land in the seventeenth century; and the manufacture of rea~-to
wear clothing for civilians was first begun in New Bed~ord m.
eighteen-forties b~cause of the need for quickly outfittllli
when they reached port.
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5: Through a Glass, Brightly
But most important of all was the part played by glass in th
eotechnic economy. Through glass new worlds were conceived :
n
brought
within reach and unveiled. Far more significant for civilal'za·
.
bon and culture than progress in the metallurgical arts up to th
eighteenth century was the great advance in glass-making_
e
. Glass itself was a very ancient discovery of the Egyptians, or pos·
sibly even of some more primitive people. Beads of glass 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
Ages, glass furnaces began to come back, first in the wooded dis.
tricts near the monasteries, tIlen 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
twelfth century glass of intense color was made, and the use of these
glasses in the windows of the new churches, admitting light, modi·
fying it, transforming it, gave them a sombre brilliance that the most
ornate carving and gold of the baroque churches only feebly rival.
By the thirteenth century the famous glass works at Murano near
Venice, had been founded; and glass was already used the;e for
windows, for ship·lanterns, and for goblets. Despite the most zealous
efforts to keep secret the technical methods of the Venetian glass
worken, d,e knowledge of the art spread to other parts of Europe:
by 1373 there was a guild of glassmakers in Niirnberg, and the
develop'ftent of glass-making went on steadily in other parts of
In France it was one of the few trades that could be car·
.. Ity • DOble family-thus taking on the characteristics of
_nufacture and as early as 1635 Sir Robert Mans-ell
.. IItIDOpOly for making flint glass in consideration of hil
perlOn who employed pit·coal instead of wood in his

r.ro,e.

of aJau changed the aspect of indoor life, parlone winters and cloudy days. At first it
that the glals panel were removable
the occupants left the house for
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any time. This high cost restricted gla88 to public
by step it made its way into the private dwelling:
de Piccolomini found in 1448 that hall the houMa
glass windows, and toward the end of the sb.teeadt
assumed in the design and construction of the dwellin,
it had never had in any previous architecture. A 1)I.I1'I
ment went on in agriculture. An unedited letter, dated
in Latin and signed John, relates that "at Boil-le-Duc
vellous machines, even for drawing water, bea.tin&
ing cloth. There, too, they grow flowers in glau pa1rUi_f~
to the south." Hothouses, which used lapis specularia, a
mica, instead of glass, were used by the Emperor T'Ul'If4iIlJ:
glass hothouse was probably an eotecbnic inventioa•
the growing period of Northern Europe, increased.
climatic range of a region, and utilized solar anetU
otherwise have been wasted: another clean pia. E
for industry, glass lengthened the span of the 1I01rki11
or in inclement weather, particularly in the northerB
To have light in the dwelling house or the hotlto-IRI
subject to cold or rain or snow, was the great CIJIIl
regularity of domestic living and business routine.
of tIle window for the wooden shutter, or for oi1ell
was not fairly complete until the end of the - - is, until the processes of glass.making had been.
ened, and the number of furnaces muhiplierL
uet itself had been undergoing a chan. tc*
purification. As early as 1300 pure cole. .
Murano: a fact that is established by a hr
ment upon the utilization of ordinary
color and ceasing to serve as 'PuiWL'e-,..j
in medieval church decoratiOD~
and colors of the outside world,
double process of naturali
characterize the thought of
procell. Glass helped put

"idee.

to

see certain elemellta
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tion on a sharply defined field-namely, that which
by the frame,
was bounded
The medieval
symbolism dissolved and the,vorld b ecame
.ff
t-trange
TJ
fi I y d 1 erent place as soon as one looked <·1t I't th roug11 gIass a
es.
I Ie Jr~t' change was effected by the use of the convex 1en~~.III specta
c es: t lIS corrected the flattening of the human lens due t
dd f t f f
'} d
0 age, an the
.
1 e ec. 0 .arslg
h . lte ness: Singer has suggested that th e reVIVal
of
earnmg mIg t III palt be attributed to the number of add·t· I
f .,.} f
, I l O n a years
oI e) e~lg
S pecta. It. or.dreadlllg that the spectacles gave to human rf
I e.
c fes \,.ere
.
. In WI e use by the fifteenth century " when WI·t}l the'InVentIOn
o prmtmg, a great need for them declared itself; and at the end
of that century the concave lens was introduced to corre t
'I d
c nearSIg lte ness. Nature had provided lenses in every dew-drop and in
the gum of every balsam tree: but it remained for the eotechnic
glassmakers to utilize that fact. Roger Bacon is often criven the cr d·t
f
h.
b
el
or t e I11vention of spectacles: t1le fact is at all events that apart
from guesses and anticipations his major scientific work was in the
realm of optic~.
Long before the sixteenth century, the Arabs had discovered the
use of a long tube for isolating and concentrating the field of stars
under observation: but it was a Dutch optician, Johann Lippersheim,
who in 1605 invented the telescope and thus suggested to Galileo
the efficient means he nceded for making a~tronomicnl ohservations.
In 1590 another Hollander, the optician Zacharias Jan en invented
the compound microscope: possibly also the telccope. One invention
increased the scope of the macroco~m; the other revealed the microcosm: between them, the na'ive conceptions of space that the
ordinary man carried around were eompletcly upset: one might say
that these two inventions, in terms of the new perspective, extended
the ,anishing point toward infinity and increased almost infinitely
the plane of the foreground from which tho e lines had their point
of origin.
In the middle of the seventeenth century Leeuwenhoek, the methodical merchant and experimenter, through employing a di tinguished
technique, became the world's fust bacteriologist. He discovered
RIORIters in the scrapings of his teeth more mysterious and awful than
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any that had been encountered in the search for the Indies. If the
glass did not actually add a new dimension to space, it extended its
area, and it ~lled that s~ace with new bodies, fixed stars at unimaginably vast dIstances, mlCrocellular organisms whose existence was
so incredible that, but for the researches of Spallanzani, they remained outside the sphere of serious investigation for over a century,
after 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 intuitions
and ratiocinations of authority were sacrosanct, and the person who
insisted on seeing proof of 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
diamonds could not be broken except by using goat's blood by resort·
ing to experiment: he fractured the stones without using blood and
reported: "/ have seen this U'ork with my own eyes." The use of
glasses in the following centuries magnified the authority of the eye.
The development of glass had another important function. If 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 archaeologist, has even suggested that the
backwardness 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 most elements and chemical compounds,
resistant to chemical change: it has the great advantage of remaining
nentral to the experiment itself, while it pennits the observer to see
what is going on in the vessel. Easy to clean, easy to seal, ea y to
transform in shape, strong enough so that fairly thin glob. caa
withstand the pressure of the atmosphere when exhausted, lla
a combination of properties that no wood or metal or clay COIata118
can rival. In addition it can be subjected to relatiftly hiP
and-what became important during the ninel_th
it is an insulator. The retort, the distilling flask,
......
barometer, the thermometer, the lenses and the IliCIe
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scope, the electric light, the x-ray tube, the audion-all these are
products of glass technics, and where would the scienl'es be without
them? A methodical analysis of temperature and pressure and the
physical constitution of matter all awaited the development of glass:
the accomplishments of Boyle, Torril'elli, Pascal, Galileo, were
specifically eotechnic works. Even in medicine glass has its triumph:
the first instrument of precision to be used in diagnosis was the modification of Galileo's thermometer that Sanctorius introduced.
There is one further property of glass that had its first full effect
in the seventeenth century. One sees it perhaps most clearly in the
llOmes of the Dutch, with their enormous windows, for it was in the
Netherlands that the use of glass and its manifold applications went
farthest. Transparent glass lets in the light: it brings out, with merciless sincerity, moats dancing in the sunbeams and dirt lurking in the
corner: for its fullest use, again, the glass itself must be clean, and
no surface can be subject to a greater degree of verifiable cleanliness
than the slick hard surface of glass. So, both by what it is and by
what it does, glass is favorable to hygiene: the clean window, the
scoured floor, the shiny utensils, are characteristic of the eotechnic
household; and the plentiful supply of water, through the introduction 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 widespread introduction of glass.

6: Glass and the Ego
If the outward world was changed by glass, 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 of the
self.
In a small way, glass had heen used for mirrors by the Romans;
but the background was a dark one, and the image was no more plain
than it had been on the polished metal surface. By the sixteenth
century, even before the invention of plate glass that followed a
hundred years later, the mechanical surface of the glass had been
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improved to such an extent that, by coating it with a silver amalgam,
an excellent mirror eoul~ he crea~ed .. Technically this was, according
to Schulz, pcrha.ps the lllghest pomt. m Venetian glass-making. Large
mirrors, accordmgly, became relatiVely cheap and the hand-mirror
.
became a common posseSSIOn.
For perhaps 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 boudoir: in another's home, in a public gathering, the
image of the ego in new and unexpected attitudes accompanied one.
The most powerful prince of the seventeenth century created a vast
hall of mirrors, and the mirror spread from one room to another in
the bourgeois household. Self-consciousness, introspection, mirrorconversation developed with the new object itself: this preoccupation
with one's image comes at the threshold of the mature personality
when young Narcissus gazes long and deep into the face of the pooland the sense of the separate personality, a perception of the objective
attributes of one's identity, grows out of this communion.
The use of the mirror signalled the beginning of introspective
biography in the modern style: that is, not as a means of edification
but as a picture of the self, its depths, its mysteries, its inner dimensions. 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 abstracto, 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
more na·ive cultures did not possess. If the image one sees in the
mirror is abstract, it is not ideal or mythical: the more accurate the
physical instrument, the more sufficient the . light o~ it, t~e more
relentlessly does it show the effects of age, disease, dlsappom~
frustration, slyness, covetousness, weakness these come out ~
as clearly as health and joy and confidence. Indeed, when one ..
completely whole and at one with the world one does n~ ~
mirror: it i in the period of psychic disintegration that the lD~Y

.

h

. fact

personality turns to the lonely Image to ~ w at ~
and what he can hold on to; and it was m the period

of
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disintegration that men began to hold the mirror up to outer nature.
Who is the greatest of the introspective biographers? Where does
one find him? It is none other than Rembrandt, and it is no accident
that he was a Hollander. Rembrandt had a robust interest in the
doctors and burghers about him: as a young man he was still enough
of a guildsman and still had enough of the corporate personality to
make a pass at painting those collective portraits which the members
of the Nightwatch or the College of Physicians might commission_
although already he was playing tricks with their conventions. But
he came to the core 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 himself he developed and expressed in this communion,
that he achieved the insight he applied to other men. A little later
than Rembrandt, the Venice of the Alps, Annecy, harbored another
portrait painter and introspectionist, Jean Jacques Rousseau who,
more than Montaigne, was the father of the modern literary biography and the psychological novel.
'The exploration of the solitary soul, the abstract personality,
lingered on in the work of the poets and painters even after the
eotechnic complex had broken up and the artists who had once dominated it were driven, by a more hostile world that was indifferent
to visual images and antipathetic to the uniqueness of the individual
soul-were driven to the point of complete frustration 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
&elf from the world-the method of introspective biography and
romantic poetry-were complementary phases of a single process.
Much was learnt through that dissociation: for in the act of disinthe wholeness of human experience, the various atomic
"'iIB that composed it were more clearly seen and more readily
If the process itself was ultimately mad, the method that
fnaau it was valuable.
..aeeived and observed by science, the world a.
were both worlds that were seen through
_a:. spectacles, microscopes, telescopet,
8ew' easel picture, in fact, but

tearatm,

,wa_"
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removable window opening upon an imaginary world? 'l\at
scientific mind, Descartes, in describing the book on naturallli'late1Ptt
that he failed to write, mentions how he wished £maUy to deter••
"how from these ashes, by the mere intensity of itl [heat',] adiea.
it formed glass: for as this transmutation of ashel into glue .,..
peared to me as wonderful as any other in nature, 1 took. a apecial
pleasure in describing it." One can well understabd his deU_
Glass was in fact the peep-hole through which one beheld. a new
world. Through glass some of the mysteries of nature themeelvea
became transparent. Is it any wonder then that perhaps the molt
comprehensive philosopher of the seventeenth century, at home alike
in ethics and politics and science and religion, was Benedict Spinosa:
not merely a Hollander, but a polisher of lenses.

7: The Primary Inventions
Between 1000 and 1750 in Western Europe the new ted.ait·1&

fostered and adapted a series of fundamental inventiona and
coveries: they were the foundation of the rapid advances that
lowed. And the speed of the ultimate movement, like the
•
of an army's attack, was in proportion to the thoroughnell of
preparation. Once the breach had been made in the ~ it ...:--~
easy for the rest of the army to follow through: but UDtil
act had been accomplished the army, however stl'Olll aDd
clamorous, could not move an inch. The primary •
•
into being something that had nol existed befote: Rae. . . . .
the telescope, cheap paper, print, the printintt,an-.
compass, the scientific method, inventions ~ __-J
fresh inventions, knowledge that was the center of
edge. Some of these necessary invention t Uka
were far older than the eotechnic period: _Ii,).~
clock, were born with the renewed iI"
regimentation. Only after thee IteIf'l JiII.......
ondary inventions flourish: the
made the clock more accut
_I::
which made the work of ....
increased the output of BI'iI

1,._
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Now an important point must be noted: the inventions of the
eotechnic phase were only in a minor degree the direct product of
oraft 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 local
monopolies, was on the whole conservative, although in the building
crafts, between the tenth and the fifteenth centuries, there were
undoubtedly many daring innovators. In the beginning, it was knowledge, skill, experience, that had been the subjects of guild monopoly.
With the growth of capitalism carne the bestowing of special monopolies, first to the chartered companies, and then to the owners of
special patents granted for specific original inventions. This was proposed by Bacon in 1601 and happened first in England in 1624. From
this time on it was not the past heritage that was effectively monopolized but the new departure from it.
A special inducement was offered to those whose mechanical ingenuity supplanted the social and economic regulations of the guilds.
In this situation, it was natural that invention should occupy the
attention of those outside the industrial system it .. el£-the military
engineer, and even the amateur in every walk of life. Invention
was a means of escaping one's class or achieving private riches within
it: if the absolute monarch could say "L'Etat, c'est moi," the successful inventor could in effect say: "The Guild-that's me." While
the detailed perfection of inventions was, more often than not, the
work of skilled workers in the trade, the decisive idea was frequently the work of amateurs. Mechanical inventions broke the castelines of industry, even as they were later to threaten the caste-lines
of society itseU.
But the most important invention of all had no direct industrial
CGDDection whatever: namely, the invention of the experimental
in science. This was without doubt the greatest achievement
eote.chnic phase: its full effect upon technics did not begin to
until the middle of the nineteenth century. The experimental
I have already pointed out, owed a great debt to the
of technics: for the relative impersonality of the new
machines, particularly the automata, must have
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helped to build up the belief in. an ~ally impel" -\
irreducible and brute fac~s, operatmg as mdependeatly a
and removed from the WIshes of the observer: the reot
experience in terms of mechanical causality and the . ._
of cooperative, controlled, repeatable, verifiable OXJ;.:mu_L"
ing just such seg~ents of real!ty as l~nt themselves to t1Ua
this was a gigantw labor-savmg devu:e. It cut a abort
through jungles of confused empiricism and laid down a
duroy road over swamps of superstitious and wishful IliDktI!
have found such a swift means of intellectual locomotion "'1:'
haps sufficient excuse at the beginning for indiftereuC8 to the . .
and for contempt for everything that did not speed the . _
None of the inventions that followed the development of
tific method were so important in remolding the tho. uul
of mankind as those that made experimental science
.
tually the scientific method was to repay ita debt to
•
dredfold: two centuries later, as we shan see, it wal to
combinations of means and tum into the realm. of . wildest dreams and the most irresponsible wishe of the JIAl-'::7~1
For out of the hitherto almost impenetrable chaOi
there emerged finally, by the seventeenth century, an on":!!,
the factual, impersonal order of science, articulated
and everywhere under the dominion of "natural law."
when it was accepted as a basis for human de,i. . . ._ ,;
on a pure act of faith: only the stars and the pia
to the naked intelligence. Now order was IUppollted
Nature ceased to be inscrutable, subject to deeOll1O
another world: the very essence of Nature, ..
the new scientists, was that its sequences 'Wen
predictable: even the path of a comet could
sky. It was on the model of this extemal
began systematically to reorgauize their . .
activities: this carried further, aDd
cepts and the practices empirically • •
Like Emerson, men felt that
justified, when ships came and

m
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bodies. And they were right: there was something cosmic about it.
To have made so much order visible was no little triumph.
In mechanical invention proper, the chief eotechnic innovation was
of course the mechanical clock. By the end of the eotechnic phase,
the domestic clock had become a common PaIt of the household
equipment, 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 to the
clock, by Galileo and Huyghens, increased the accuracy of the instrument for common use.
But the indirect influence of clock-making was also important: as
the first real instrument of precision, it set the pattern in accuracy
and finish for all fUlther instruments, all the more because it was
regulated by the ultimate precision of 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 development 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 of a Warrington
clockmaker; it was Huntsman, another clockmaker, desirous of a
more finely tempered steel for the watchspring, who invented the
process of producing crucible steel: these are only a few of the
more outstanding names. In sum, the clock was the most influential
of machines, mechanically as well as socially; and by the middle
of the eighteenth century it had become the most perfect: indeed,
its inception and its perfection preLty 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. Its development was admirably summed up by
Carter, who did so much to clarify the historic facts. '''Of all the
world~s great inventions that of printing is the most co mopolitan and
international. China invented paper and first experimented with
block printing and moveable type. Japan produced the earliest block
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prints that are noW ext.ant. K~rea first printed with type of metal,
om a mould. IndIa furmshed the language and religion of the
cast fr
.
· t block prints. People of TurkIsh race were among the most
ear1les
. ortant agents in carrying block printing across Asia, and the
lmp
. a T urk'ISh tongue. P
' and Egypt are
rliest extant type are 111
erSla
e~ two lands of the Near East where block printing is known to have
~e:n done before it began in Europe. The Arabs were the agents
who prepared the way by carrying the making of paper from China
to Europe. . • • Florence and Italy were the first countries in Christendom to manufacture paper. As for block printing, and its advent
into Europe, Russia' s claim to have been the channel rests on the
oldest authority, though Italy's claim is equally strong. Germany,
Italy, and the Netherlands were the earliest centers of the block
printing art. Holland and France, as well as Ger~any, .claim to have
experimented with type. Germany perfected the 1I1venhon, and from
Germany it spread to all the world."
The printing press and movable type were pe~fected by Gutenb.er g
and his assistants at Mainz in the fourteen-fortIes. An astronomIcal
calendar done in 1447 is the earliest datable example of Gutenberg's
printing; but perhaps an inferior mode of printi~~ ma.y have been
practiced earlier by Coster in Haarlem. The dec~s1Ve Improvement
came with the invention of a hand-mold to cast umform ~etal t~pes.
Printing was from the beginning a completely mech~mcal achIeveof
t No t merely that: it was the type for all future. mstruments
men.
.
'f
reproduction: for the printed sheet, even before the mlhtary um. orm,
was the first completely standardized product, manufactured 111 series, and the movable types themselves were the first example of
completely standardized and interchangeable parts. Truly a revolutionary invention in every department.
.
By the end of fifty years there were over a thousand. pubhc
.
1
othing of those m monprinting presses 111 Germany a one, to say n
.
n
asteries and castles; and the art had spread rapidly, des~lte a
· e Florence PariS, Lonattempts at secrecy and monopo1y, to V emc,
'
. , an d F rankf ort-am-M am.
- While there was strong
don, Lyons, Le1pz1g,
' h d h d copyists the art was encompetition from the we 11 -establ IS e
an . ' •
. , f rom t axes and guild regulations. PrinUDI
couraged b y emanCIpatIOn
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lent itself to large-seale production: at the end of the fifteenth century there was in Niirnherg a large printing business with twenty_
four presses and a hundred employees-typesetters, printers, Correctors, binders.
Compared with oral communication any sort of writing is a great
labor saving device, since it frees communication from the restrictions of time and space and makes discourse wait on the convenience
of the reader-who can interrupt the flow of thought or repeat it
or concentrate upon isolated parts of it. The printed page increased
the safety and permanence of the written record by manifolding it,
extended the range of communication, and economized 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 whole 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
contributed further to the dissociation of medieval society: print
made a greater impression than actual events, and by centering attention on the printed word, people lost that balance between the sensuous 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-Michelangelo, Leonardo,
Alberti-before it passed out, and was replaced by printed letters
alone. To exist was to exist in print: the rest of the world tended
gradually to become more shadowy. Learning became book-learning
and the authority of books was more widely diffused by printing, so
that if knowledge had an ampler province so, too, did error. The
divorce between print and firsthand experience was so extreme that
one of the first great modern educators, John Amos Komensky,
advocated the picture book for children as a means of restoring the
ltalance and providing the necessary visual associations.
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But the printing pre. s by itself did not perform the revolution:
paper played a scarcely less important part: for its uses went far
beyond the printed page: The application of power-driven machinery
to paper production was one of the important developments of this
economy. Paper removed the necessity for face to face contact:
debts, deeds, contracts, news, were all committed to paper, so that,
while feudal society existed by virtue of customs that were rigorously
maintained from generation to generation, the last elements of feudal
society were abolished in England by the simple device of asking
peasants who had always had a customary share in the common
lands for some documentary proof that they had ever owned it.
Custom and memory now played second fiddle to the written word:
reality meant "established on paper_" Was it written in the bond?
If so, it must be fulfilled. If not, it could be flouted. Capitalism, by
committing its transactions to paper, could at last make and preserve
3 strict accountancy of time and money; and the new education for
the merchant classes and their helpers consisted essentially in a
mastery of the three R's. A paper world came into existence, and
putting a thing on paper became the first stage in thought and action:
unfortunately also often the last.
As a space-saver, a time-saver, a lahor-saver-and 80 ultimately
a life-saver-paper had a unique part to play in the development of
industrialism. Through the habit of using print and paper thought
lost some of its flowing, four-dimen ional, organic character, and
became abstract, categorical, stereotyped, content with purely verbal
formulations and verbal solutions to problems that had never been
presented or faced in their concrete inter-relationships.
The primary mechanical inventions of the clock and the printiDI
press were accompanied by social inventions that were almost equally
important: tile university, beginning with Bologna in 1100, Paria ill
1150, Cambridge in 1229 and Salamanca in 1243: a co-operatiw
organization of knowledge on an international basis. The _lie"..
school, from Salerno and Montpellier onward, was not al
first technical school in the modem sense; but the phy.iciau,
in the natural sciences at these schools and schooled by
the obgervation of nature, were among the pioneers .
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ment of technics and science: Paracelsus, Ambroise Pare, Cardan,
Gilbert the author of De Magnete, Harvey, Erasmus Darwin, down
to 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 industrial exhibition, the first
of which was held at the Rathaus in Niirnberg in 1569, the second
in Paris in 1683.
By means of the university, the scientific academy and the industrial exhibition the exact arts and sciences were systematically explored, the new achievements were cooperatively exploited, and the
new lines of investigation were given a common basis. One further
important institution must be added: the laboratory. Here a new type
of environment was created, combining the resources of the cell,
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 environments, which tend to stimulate, concentrate, and perpetuate the
special activity. By the seventeenth century these new environments
hJld been created.
More direct in its effect upon technics was the creation of the
factory. Down to the nineteenth century factories were always called
mills, for what we call the factory grew out of the application of
water-power to industrial processes; and it was the existence 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 operations with the benefit of largescale co-operation that difierentiated the factory in the modern sense
from the largest of workshops. In this critical development the
Italians again led the way, as they did in canal.building and fortifi·
cation: but by the eighteenth century factories had reached the stage
tarp-ecale operation in Sweden, in the manufacture of hardware,
• wa. true of Bolton's later works in Birmingham.
faotmy simplified the collection of raw materials and the
of. the finished product: it also facilitated the specialid the divi.ion of the processes of production: finally,
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by providing
meeting place for the workers it partly over..
. a common
.
came the IsolatIOn and helplessness that afBicted the handicraft
worker after the structure of the town guilds had become dilapida~..
The factory had finally a double role: it was an agent of mechanical
regimentation, like th~ new army, and it was an example of genuine
social order, approprIate to the new processes in industry. In either
light, it was a significant invention. On one hand it gave a new motive
for capitalistic investment in the form of the joint stock company
operated for profit and it furnished the ruling classes with a powerful
weapon: on the other, it served as a center for a new kind of social
integration and made possible an efficient coordination of produc.
tion which would be valuable under any social order.
The unison and cooperation produced by these various institutions, from the university to the factory, vastly increased the amount
of effective energy in society: for energy is not merely a question
of bare physical resources but of their harmonious social application. Habits of politeness, such as the Chinese have cultivated, may
be quite as important in increasing efficiency, 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 be disastrous. It was important,
for the further exploitation of the machine, that a social organization.
appropriate to the technology itself, should have been invented..
That the nineteenth century disclosed serious flaws in that orpni •
tion-as it did in its financial twin, the joint stock company-does
not lessen the importance of the original invention.
The clock and the printing press and the blast furnace
giant inventions of the eotechnic phase, comparable to
engine in the period that followed, or the dynamo and
the neotechnic phase. But they were surrounded by a
inventions, too significant to be called minor, eYeD wi.
short in performance of the inventor's expectatiou.
',,,...
A good part of these inventions came to
nourished-in the fecund mind of Leonardo
the middle of this era, Leonardo summed 1lp
artisans and military engineers who
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~tores . of scientific insight and inventive ingenuity: to catalog his

InVentIOns and discoveries is almost to outline the structure of mode
m
t~c}'
InlCS. He was not alone in his own time: a military engineer
hImself, he utilized to the full the common stock of knowledge that
was the property of his profession: nor was he altogether without
influence upon the period that followed, for it is probable that his
manuscripts were consulted and utilized by people who did not bother
particularly to record their obligations. But in his own person,
Leonardo embodied the forces of the period that was to follow.
He made the first scientific observations of the flight of birds, designed and built a flying machine, and designed the first parachute:
the conquest of space preoccupied him even though he was no more
successful than his obscure contemporary, G. B. Danti. Utilitarian
devices claimed his interest: he invented silk-winding machinery and
the alarm clock, he designed a power loom which was close to success: he invented the wheelbarrow and the lamp chimney and the
ship's log. Once he put before the Duke of Milan a project for the
mass production of standardized worker's dwelling. Even the motive
of amusement was not absent: he designed water 1'hoe . As a mechanic he was incomparable: the antifriction roller bearing, the
universal joint, rope and belt drives, link chains, bevel and piral
gears, the continuous motion lathe-all these were the work of his
powerful analytic mind. Indeed, his positive genius as t~chnician
far outdoes his cold perfection as painter.
Even on the baser side of industrial exploitation Leonardo foreshadowed the forces that were to come. He wa preoccupied not
merely with the desire for fame but for quick financial success:
"Early tomorrow, Jan. 2, 1496," he records in one of hi notes,
"I shall make the leather belt and proceed to a trial. . . . One hun·
dred times in each hour 400 needles will be fini hed, making 40,000
in an hour and 480,000 in 12 hours. Suppo~e we say 4000 thousands
which at 5 solidi per thousand gives 20,000 ~olidi: ] 000 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 sueeeuful invention were to lure more than one daring mind, even
the outcome were often to fail of realization as completely
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as Leonardo's. Add to this Leonardo's contributions to warfare: the
steam cannon, the organ gun, the submarine, and various detailed
improvements u.pon the co~mon devices of his time: inventions that
represente~ a~ lIlterest wInch, so far fro~ dying out with the growth
of industnalIsm, were rather suhstantIated and fortified b th
. h 1
.
£
Y at
growth. Even In t e arger Issue 0 Leonardo's life--the persistent
warfare between the engineer and the artist-he typified mo t of the
contradictions inherent in the new civilization, a it developed toward
the Fam,tlike ex.ploitation. ~f the pri~ate ego and its satisfaction by
means of finanCIal and mIlItary and mdu,trial power.
But Leonardo was not alone: both in his inventions and his anticipations he was _urrounded by a gathering army of technicians and
inventors. In 1535 the first diving bell was invented by Francesco
del Marchi: in 1420 Joannes Fontana described a war-wagon or
tank; and in 1518 the fire-engine i' mentioned in the Augsburg
Chronicles. In 1550 Palladio de igned the first known su pen ion
bridge in Western Europe while Leonardo, before him, had de igned
the drawbridge. In 1619 a tile making machine wa invented; in
1680 the first power dredge was invented, and before the end of this
century a French military man, Dc Genne1', had invented a power
loom, while another Frenchman, the physician, Papin, had invented
the steam engine and the steamboat. [For a fuller sense of the inventive richnes' of the eotechnic period, from the fifteenth to the
eighteenth centuri s, consult the List of Inventions.]
These 31" but amples from the great storehouse of eotechnic
invention: c;,eeJ which came to life or lay dormant in dry soil or
rocky crevice a wind and weather and chance dictated. Most of
these inventions have heen attributed to a later period, partly because
they came to fruition then, partly because the first historian of til
mechanical r 'olution, duly conscious of the vast strides that bad
been made in their own generation, were ignorant of the prepar l'
and achievement that lay behind them, and were inclined
events to belittle the preparatory period. Moreover they lIMll'111.1
not familiar with the manuscripts and books and artua
..
have set them right. Thus it happens that England n __ . .
been taken as the original home of inventiol1l
t BaG
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e. ·i~tence. much earlier in Italy. So, too, the nineteenth century pinned
Oil its own brows laurels that often enough belonged to the sixteenth
a nd the seventeenth.
Since invention is almost never the sole work of a single inventor ,
110wever great a genius he may 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 convenient falsehood fostered by a spurious sen!:'e of patriotism and by the device
of patent monopolies-a device that enables one man to claim special
financial rewards for being the last link in the complicated social
process that produced the invention. Any fully developed machine
is a composite collective product: the present weaving machinery,
according to Hobson, is a compound of about 800 inventions, while
the present carding machinery is a compound of about 60 patents.
This holds true for countries and generations as well: the joint stock
of knowledge and technical skill transcends the boundaries of individual or national egos: and to forget that fact is not merely to
enthrone superstition but to undermine the essential planetary basis
of technology itself.
In calling attention to the scope and efficacy of
tions one does not seek to belittle their debt to
remoter reo-ions-one
merely• wishes to show how
b
run under the bridge before people had become

eotechnic inventhe past and to
much water had
generally aware

that a bridge had been built.
8 : Weakness and Strength
The capital weakness of the eotechnic regime was not in the inefficiency 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 universalization of this economy,
for there were districts in Europe that never fully benefited hy it,
and its dependence in hoth glass-making and metallurgy upon wood
had. by the end of the eighteenth century, brought its powers to a
low ebb. The forests of Russia and America might have delayed its
collapse, as indeed they prolonged its reign within their own regions:
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but they could not avert the steady dissipation of its fuel supply
century developed more rap-.
.
H ad the spoonwheel of the seventeenth
idly into Fourneyron's effiCIent water-turbine, water might have remained the backbone of the power system until electricit h d
" It a WI'd er area of use. But before
Y this
a
· 1y to glVe
develope d su ffi Clent
development could take place, the steam pumping engine had been
invented. Thi~ engine was first used outside the mine, it is interesting
to note, to raIse water whose fall turned the conventional eotechnic
waterwheel in hardware factories. As society became more closely
co-ordinated on a basis of time, the interruption in its schedules
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 cost! y.
But there were social weaknesses within the eotechnic regime 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 of the fact that it was always located in forested areas,
tended to escape the restriction 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, was not subject to guild regulations; and even the textile
industries escaped to the country: the factor who gave his name to
the factory was a trader who farmed out the raw materials, and
sometimes the necessary machines of production, and who bought up
the product. The new industries, as Mantoux points out, 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 up without social control. In other words, mechanical improvements flourished at the expense of the human improvements
that hnd been strenuously introduced by the craft 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
between masters and men. The machine had an anti-social bias: it
tended by reason of its "progressive" character to the more naked
forms of human exploitation.
Both the strength and the weakness of the eotechnic regime 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 distaff was carried
on far into the seventeenth century, the spinning wheel had made
its way into Europe from India by 1298. Within another century
spinning mills and fulling mills had been introduced: by the sixteenth century, according to Usher, the fulling mills were also used
as communal washing-machines: the fuller in his spare time did the
village washing. Leonardo made the important invention of the flyer
for spindles around 1490, and an authority on textiles, Mr. M. D. C.
Crawford goes so far as to say that "without this inspired drawing
we might have had no subsequent developments of textile machinery
as we now know it." Johann Jurgen, a wood-carver of Brunswick,
invented a partly automatic spinning wheel with a flier around 1530.
After Leonardo a succession of inventors worked on the powerloom. 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 was successfully applied to the automatic loom. This work was partly anticipated in
the narrow-width ribbon loom, first invented in Danzig and then
introduced into Holland; but the development of 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 hequest
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f the eotechnic phase. Sombart marks
. l'Ism
. the turning point 0 f capIta

in the transfer of the ,center
' dus..of graVIty
'd from the organic textile In
tries to the inorgamc mm,m g m ustries: that likewise marks the
transition from the e~techn~c to ~he paleotechnic economy.
One further set of mventlOns m the textile industry must be noted·
the invention of ~ni,tting machinery ,in the sixteenth century. Th~
origins of hand-kmttmg are obscure; If the art existed it played but
a minor part before the fifteenth century. Knitting is not only perhaps
the most distinctively European contribution to the textile industries
but it was one of the first to be mechanized as the result of the invention of the knitting frame by another ingenious Engli~h clergyman.
By taking advantage of the elasticity of yarns, knitting creates textiles
which adapt themselves to the contours of the body and flex and
contract with the movements of the muscles: while by adding to the
amount of air-space within the yarn itself and between the strands,
it increases warmth without adding to the weight. Knitted hose and
undergarments-to say nothing of the wider use of the lighter washable cottons for body clothes-are all distinctly eotechnic contributions to comfort and cleanliness.
While the te>..1:ile industries exhibited the steady advance of invention long before the introd uction 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 industries where the division of the process could be carried farther than
in the textile industries.
Manu-facture, that is, organized and partitioned handwork carried on in large establishments with or without power-machines,
broke down the process of production into a series of specialized
operations. Each one of these was carried on by a specialized worker
whose facility was increased to the extent that his function was lim·
ited. This divi~ion was, in fact, a sort of empirical analysis of the
working process, analyzing it out into a series of simplified bumn
motions which could then he tran8lated into mechanical operatit'....
Once this analysis was performed, the rebuilding of the
sequence of operations into a machine became more felali'llale.
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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 of 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 individual's methods of work substantially unaltered; manufacture revolutionizes 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 dexterity at the cost of a
world of productive impulses and faculties-much as in Argentina
they slaughter a whole beast simply in order to get his hide or tallow.
Not merely are the various partial operations allotted to different
individuals; but the individual himself is split up, is transfonned
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

end of this period, sought to establish ' as Arthur Yo ung pOlllle
. d
tIle
out, the same s~an.dar~s in the ~l~l~ as had come to prevail in the
rkshop: specialIzatIOn
.
.and
.diVISIOn of process . If on e "J.' ~Iles to
wo
view the eotechmc perIod at Its best, one should perhaps behold it
in the thirteenth century,
before this procegs had set in'. or at I a test,
.
at the e~d of the slxteen~h century, when the ordinary worker, though
still losmg ground, losmg free~om and self-control and suhstance,
was unruly and resourcef~l-stlll capable of fighting or colonizing
rather than ready to submit to the yoke of either hecoming a machine
or competing at sweated labor with the products of the machine.
It remained for the nineteenth century to accomplish this final
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to capital."
Here was both the process and the result which came 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, administered by masters and journeymen through a system of apprenticeship, traditional teaching, and the corporate inspection of the product; while it indicated the beginning of an external discipline imposed by the worker and manufacturer in the interest of private
profit-a system which lent itself to adulteration and to 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
century.
In sum: as industry became more advanced from a mechanical
point of view it at first became more backward from a human standpoint. Advanced agriculture, as practiced on the large estates toward

\.1.7

degradation.
But while one cannot ignore the defects of the eotechnic economy,
including the fact that more powerful and accurate engines of destruction and exquisite apparatus for human torture were both put
at the service of 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 diminish-as the Swedish industrialist Polhem pointed out at the limethe amount and intensity of manual work. This result was achieved
by the substitution of water-power for handwork, "with gains of
100 or even 1000 per cent in relative costs." It is easy to 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 available to the thousands that then existed, if one compares the vast
amount of goods poured fOfth by our factories with the modest
output of the older work~hops. But to judge the two economies correctly, one must also have a qualitative standard: one must ask not
merely how much crude energy went into it, but how much of that
went into the production of durable goods. The energy of the
eotechnic regime did not vanish in smoke nor were its products
thrown quickly on junk-heaps: by the seventeenth century it had
transformed the woods and swamps of northern Europe into a c0ntinuous vista of wood and field, village and garden: an orde
human landscape replaced the bare meadows and the matted (0
while the social necessities of man had created hundreds of
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solidly built and commodiously arranged, cities whose spaciousness
and order- and beauty still challenge, even in their decay, the squalid
.anarchy of the new towns that succeeded them. In addition to
rivers, there were hundreds of miles of canals: in addition to
made lands of the north coastal area, there were harbors arranged
for safety, and the beginnings of a lighthouse system. All these were
solid achievements: works of a11 whose well-wrought forms stayed
the process of entropy and postponed the final reckoning that an
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 mNe usable soil. If the canal aided
transport, the new cities aided social intercourse. In every department of activity there was equilibrium between the static and the
dynamic, between the rural and the urban, between the vital and
the mechanical. So it is not merely in the annual rate of converting
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
still almost as good as new; and when one takes account of the
longer span of time enjoyed by eotechnic products the balance tips
back 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 it lacked energy: far from moiling
day and night to achieve as much as it did, it enjoyed in Catholic
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 improved the life of the community; for the services
of art and culture, instead of being paralyzed by the increasing
control over the environment, were given fuller sustenance. Can anything else account for the outburst of the arts during the Renascence,
at a moment when the culture that supported them was so weak·
spirited and the ostensible impulses so imitative and derivative?
The goal of the eotechnic civilization as a whole until it reached
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1: The old crane at Liineuurg. Originally
built in the fourteenth century and since
repaired. A lauor-saving device common
in the North Sea and Baltic port~ duro
ing the eotechnic period : forerunners 01
the delicate bir.d-like mon,ters 01 ,teel
now to be found in Hamburg and elsewhere.

(Courtesy 0/ the German Tourist In/ormation Office 1
l: Typical battery 01 windmills near Elshout in Holland - they are often even
closer in formati on. The amollnt of horsepower developed through these windmills
was in part responsibl e for the high state
of Dut ch civili za tion in th e seventeenth
century. The canal was important in
land planning and agricu lture as well as
transportation.

(From On:e Hollandsche Molenl
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the decadence of the eighteenth century was not more power alone
but a greater intensification of life: color, perfume, images, music,
sexual ecstasy, as well as daring exploits in arms and thought and
exploration. Fine images were everywhere: a field of tulips in bloom,
the scent of new mown hay, the ripple of flesh under silk or the
rondure of budding breasts: the rousing sting of the wind as the
rain clouds scud over the seas, or the hlue serenity of the sky and
cloud, reflected with crystal clarity on the velvety surface of canal and
pond and watercourse. One by one the senses were refined. Toward
the end of this period the repetitious courses of the medieval dinner
were analyzed out into the procession of foods that pass from the
appetizer which rouses the neces"ary secretions to the sweet that
signifies ultimate repletion. The touch, too, was refined: silks became
commoner and the finest Dacca muslins from India took the place
of coarse wools and linens: similarly the delicate smooth-surfaced
Chinese porcelain supplemented the heavier Delft and Majolica and
common earthenware.
Flowers in every garden improved the sensitiveness of the eye and
the nose, making them quicker to take offense at the dungheap and
the human ordure, and re-enforcing the general habits of household
order and cleanliness that came in with eotechnic improvements.
As early as Agricola's time he observe that "the place that Nature
has provided with a river or stream can be made serviceable for
many things; for water will never be wanting and can be carried
through wooden pipes to hath in dwelling-houses." Refinement of
smell wa carried to such a pitch that it sugge -ted Father Castel's
clavecin des odellrs. One did not touch book or print- with dirty
grea y hanos: the wen·thumbed books of the sixteenth and seventeenth centuries are still with us to prove it.
Re-enforcing the sell"e of cleanline.s and this refinement of touch
and tast, ven in the kitchen, the fir-t few rough iron pots gave way
to opper pots and pans that were brought to a mirror-like polish
hy the indu.trious kitchen wench or housewife. But above all, durina
this period the eye was trained and refined: the delight of the eye
even served other functions than pure vision by retarding them and
giving the observer a chance to enter into them more fully. The .iI·.,.,.
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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 more
prolonged, as the visual pleasure of his beloved distracted him for
a moment from the desire for possession. The wood·cut and the
copper plate were popular arts during this period: even a great part
of the vulgar work had affiliations to good form, and much of it had
genuine distinction, while painting was one of the dominant expressions of the intellectual as well as the emotional life. Throughout
life, alike for rich and poor, the spirit of play was understood and
fostered. If the gospel of work took form during this period, it did
not dominate it.
This great dilation of the senses, this more acute response to
external stimuli, was one of the prime fruits of the eotechnic culture:
it is still a vital part of the tradition of Western culture. Tempering
the eotechnic tendency toward intellectual abstraction ism, these sensual expressions formed a profound contrast to the contraction and
starvation of the senses which had characterized the religious 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 to say,
weather differently. During the greater part of the eotechnic period,
however, they were in relative harmony. Except perhaps 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 human fulfillment had already appeared: but its consequences
had still to become fully visible.

CHAPTER IV.

THE PALEOTECHNIC PHASE

1: 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 harnes ed and the mills and looms and
spindles were working busily through Western Europe. The time
had come to consolidate and systematize the great adv~nces that
had been made.
At this moment the eotechnic regime was shaken to its foundations.
A new movement appeared in industrial society which had been
gathering headway 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 multiplied, vulgarized, and spread the methods and goods
produced by the first: above all, it was directed toward the quantification of life, and its success could be 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 advances that were made during the centuries that preceded it. In
contrast to the supposedly sudden and inexplicable outburst of inventions after 1760 the previous seven hundred years have often been
treated as a stagnant period of small-scale petty handicraft production, feeble in power resources and barren of any significant accomplishments. How did this notion become popular? One reason, I
think, is that the critical change that actually did take place during
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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 first
and most swiftly in England, and the observations of the new industrial methods, after Adam Smith-who was too early to appraise
the transformation-were made by economists who were ignorant
of the technical history of Western Europe, or who were inclined to
belittle its significance. The historians failed to appreciate the debt
of England's navy under Henry VIII to Italian shipbuilders, of her
mining illdustry to imported German miners, of her waterworks and
land-clearance schemes to Dutch engineers, and her silk spinning
mills to the Italian models which were copied by Thomas Lombe.
The fact is that England, throughout the Middle Ages, was one of
the backward countries of Europe: it was on the outskirts of the
great continental civilization and it shared in only a 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 materials,
rather than a well-rounded agricultural and manufacturing country;
and with the destruction of the monasteries by the same monarch,
England's backwardness was only accentuated. It was not until the
sixteenth century that various traders and enterprisers began to develop mines and mills and glassworks on any considerable scale.
Few of the decisive inventions or improvements of the eotechnic
phase one excepts knitting-had their home in England. England's
int great contribution to the new processes of thought and work came
daroup the marvellous galaxy of distinguished scientists it produced
:~"':,',"
eventeenth century: Gilbert, Napier, Boyle, Harvey, Newton,
Not until the eighteenth century did England participate
degree in the eotechnic advances: the horticulture, the
prdenio" the canal building, even the factory organiza.noeL correspond to developments that had taken place
_ari'lea earlier in other parts of Europe,
dPme had acarcely taken root in England,
to new methods and new processes: the
1, perhaps, because there

_u·
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less to break with. England's original backwardneu helped ta ....
lish her leadership in the paleotechnic phase.
2: The New Barbarism
As we have seen, the earlier technical development had not involved a complete breach with the past. On the contrary, it had seized
and appropriated and assimilated the technical innovations of other
cultures, some very ancient, and the pattern of industry was wrought
into the dominant pattern of life itself. Despite all the diligent mining for gold, silver, lead and tin in the sixteenth century, one could
not call the civilization itself a mining civilization; and the handi.
craftsman's world did not change completely when he walked from
the workshop to the church, or left the garden behind his house to
wander out into the open fields beyond the city's walls.
Paleotechnic industry, on the other hand, arose out of the break
down of European society and carried the process of di ruption to a
finish. There was a sharp shift in interest from life values to
pecuniary values: the system of interests which only had been latent
and which had been restricted in great measure to the merchant a8d
leisure classes now pervaded every walk of life. It was no lonp'
sufficient for industry to provide a livelihood: it must create
independent fortune: work was no longer a necessary part of
it became an all-important end. Industry shifted to
centers in England: it tended to slip away from the eet:ablill
and to escape to decayed boroughs or to rural d' .
outside the field of regulation. Bleak valleys in
plied water power, dirtier bleaker valleys in other
which disclosed seams of coal, became the
industrialism. A landless, traditionlesa pndeltal
steadily gathering since the sixteenth
new areas and put to work in th
n
not handy, paupers were suppli
if male adults could be disoenae
used. Thee new mill villa
memorials of an older
sugeated 00 od-

aeI-rr.
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lions themselves were repetitive and monotonous; the environment
was sordid; the life that was lived in the~e new centers was Clllpty
Bnd barbarous to the last degree. Here the break with the past Was
complete. People lived auJ died within ~ight of the coal Vit or the
cotton mill in which tIleY spent from fourteen to si)..1een hours of
their daily life. lived and died without either memory or hopI', happy
for tl)e crusts that kept them alive or the sleep that brought them the
brief uneasy solace of dreams.
"rages, never far above the level of subsistence, were driven down
in the new industries hy tIle competition of the machine. So low
were they in the early part of the nineteenth century that in the textile
trades dler even for a while retarded the introduction of the power
loom. As if the surplus of workers, ensured by the disfranchisement
and pauperization of the agricultural workers, were not enough to
re-enforce the Iron Law of Wages, there was an extraordinary rise
in the birth-rate. The causes of this initial rise are still obscure; 110
present theory fully accounts for it. But one of the tangible motives
was the fact that unemployed parents were forced to live upon the
wages of the young they had begotten. From the chains of poverty
and perpetual destitution there was no escape for the new mine
worker or factory worker: the servility of the mine, deeplyengrained
in that occnpatioJI, spread to all the accessory employments. It needed
both luck and cunning to escape those shackles.
Here was something almost without parallel in the history of
civilization: not a lap_e into barbarism through the enfeeblement of
a higher civilization, but an upthrust into barbari m, aided by the
very forces and interests which originally had been directed toward
the conquest of the environment and the perfection of human culture. Where and under what conditions diJ this change take place?
And how, when it represented in fact the lowest point in social development Europe had known since the Dark Ages did it come to
he looked upon as a humane and beneficial advance? We must answer
those questions.
The phase one here defines as paleotechnic reached its highest
point, in terms of its own concepts and ends, in England in the middle
of the nineteenth century: its cock-crow of triumph was the great in.
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dustrial exhibition in the new Crystal Palace at Hyde Park in 1851:
the first World Exposition, an apparent victory for free trade, free
enterpri e, free invention, and free access to all the world's markets
by the country that boasted already that it was the workshop ot the
world. From around 1870 onwards the typical interests and preoccupations of the paleotechnic phase have been challenged by later
developments in technics itself, and modified by various counteroises in society. But like the eotechnic phase, it is still with us:
~ldeed, in certain parts of the world, like Japan and China, it even
passes for the new, the progressive, the modern, while in Russia an
unfortunate residue of paleotcchnic concepts and methods has helped
misdirect, even partly cripple, the otherwise advanced economy
rojected by the disciples of Lenin. In the United States the paleo~echnic regime did not get under way until the eighteen fifties, almost
a century after England; and it reached its highest .point ~t the beginning of the present century, whereas in Germany It dommated the
years between 1870 and 1914, and, being ~arried to per~a~s fuller
and completer expression, has collapsed WIth greater rapIdIty there
than in any other part of the world. France, except for its spe.cial
coal and iron centers. escaped some of the worst defects of the penod;
while Holland, like Denmark and in part Switzerland, skipped almo~t
directly from an eotechnic into a neotechnic econo~y, and exce~t m
ports like Rotterdam and in the mining districts, vIgorously resisted
the paleotechnic blight.
In short, one is dealing with a technical complex that cannot ~
strictly placed within a time belt; but if one takes 1700 as a begm.
1870 alo<~ the high point of the upward curve, and
the
mng,
. 1900 as uffi.
start of an accelerating downward movement, one w~ll have a s ciently close approximation to fact. Without acceptmg any of the
implications of Henry Adams's attempt to apply the phase rule of
physics to the facts of history, one may grant ~n in~reasing rate of
change to the processes of invention and techmcal Improvement, at
least up to the present; and if eight hundred years almost defines
the eotechnic phase, one should expect a much shorter term for the
paleotechnic one.
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3: Carboniferous Capitalism
TIle great shift in population and industry that took place in the
eighteenth century was due to the introduction of coal as a Source
of mechanical power, to the use of new means of making that power
efi'ective--the steam engine--and to new methods of smelting and
working up iron. Out of this coal and iron complex, a new civilization 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 reference to it in Theophrastus: in 320 B.C. it was used by smiths; while
the Chinese not merely used coal for baking porcelain but even
employed natural gas for illumination. Coal itself is a unique mineral: apart from the precious metals, it is one of the few unoxidized
substances found in nature; at the same time it is one of the most
easy to oxidize: weight for 'weight it is of course much more compact
to store and transport than wood.
As early as 1234 the freemen of Newcastle were given a charter
to dig for coal, and an ordinance attempting to regulate the coal nuisance in London dates from the fourteenth century. Five hundred
years later coal was in general use as a fuel among glassmakers,
brewers, distillers, sugar bakers, soap boilers, smiths, dyers, brickmakers, lime burners, founders, and calico printers. But in the meanwhile a more significant use had been 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 wa ~ successfully accomplished by a Quaker, Abraham Darby, in 1709. By that invention
the high-powered blast furnace became possible; but the method itself did not make its way to Coalbrookdale in Shropshire to Scotland
and the North of England until the 1760's. The next development
in the making of cast-iron awaited the introduction of a pump which
should deliver to the furnace a more effective blast of air: this came
with the invention of Watt's steam pump, and the demand for more
iron, which followed, in tum increased the demand for coal.
Meanwhile, coal as a fuel for both domestic heating and power
was started on a new career. By the end of the eighteenth century
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coal began to take the place of current sources of energy as an
illuminant through Murdock's devices for producing illuminating
gas. Wood, wind, water, beeswax, lallow, sperm-oil-all these were
displaced steadily by coal and derivatives of coal, albeit an efficient
type of burner, that produced by Welsbach, did not appear until
electricity was ready to supplant gas for illumination. Coal, which
could be mined long in advance of use, and which could be stored
up, placed industry almost out of reach of seasonal influences and the
caprices of the weather.
In the economy of the earth, the large-scale opening up of coal
seams meant that industry was beginning to live for the rust time
on an accumulation of potential energy, derived from the ferns of
the carboniferous period, instead of upon current income. In the
abstract, mankind entered into the possession of a capital inheritance more splendid than all the wealth of the Indies; for even at the
present rate of use it has been calculated that the present known
supplies would last three thousand years. In the concrete, howev~r,
the prospects were more limited, and the exploitation of coal earned
with it penalties not attached to the extraction of energy from growing plants or from wind and water. As long as the coal seams. of
England, Wales, the Ruhr, and the Alleghanies were deep and ncb
the limited terms of this new economy could be overlooked: but as
soon as the first easy gains were realized the difficulties of keeping up
the process became plain. For mining is a robber industry: the m~ne
owner, as Messrs. Tryon and Eckel point out, is constantly consummg
his capital, and as the surface measures are depleted the co~t ~r
unit of extracting minerals and ores becomes greater. The mme 18
the worst possible local base for a permanent civilization: for when
the seams are exhausted, the individual mine must be closed do'WD,
leaving behind its debris and its deserted sheds and houses. The by
product, are a befouled and disorderly environment; the end _ . .
uet i an exhatUed one.
N ow the sudden accession of capital in the form of theBe
coal fields put mankind in a fever of exploitation: coal &ad .
the pivots upon which the other functions of society
activities of the nineteenth century were consumed b
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rushes-tlle gold rushes, the iron rushes, the copper rushes, the
petroleum rushes, We diamond rushes. The animus of mining affected the entire economic and social organism: wis dominant mode
of exploitation became the pattern for subordinate forms of 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
damage to form and civilization through
heir on a spree. And
the prevalence of these new habits of disorderly exploitation and
wasteful expenditure remained, whether or not the source of energy
itself disappeared. The psychological results of carboniferous capitalism-the lowered morale, the expectation of getting something for
nothing, the disregard for a balanced mode of production and consumption, the habituation to wreckage and debris as part of the normal human environment-all these results were plainly mischievous.

we

4: The Steam Engine
In all its broader aspects, paleotechnic industry rested on the
mine: the products of the mine dominated its life and determined
its characteristic inventions and improvements.
From the mine came the steam pump and presently 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
urban transportation. The railroad likewise came directly from the
mine: roads with wooden rails were laid down in Newcastle, England,
in 1602: but they were common in the German mine:; a hundred
years before, for they enabled the heavy ore carts to be moved easily
over 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. (Fe1dhaus notes that
the invention of iron-clad woooen rails is illustrateo at the time of
the Hussite Wars around 1430: possibly the invention of a military
engineer.) The combination of the railroad, the train of cars, and the
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locomotive, first used in the mines at the beginning oflhe nineteenth
century, was applied to passenger transportation a generation later.
Wherever the iron rails and wooden ties of this new system of locomotion went, the mine and the products of the mine went with it:
indeed, the principal product carried by railroads is coal. The nineteenth 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 concentrate near the coal measures_ To be cut off from the coal mine
was to be cut off from 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
the leading ideas of the next century, apostrophized the new powers
in the following verses:
Soon shall thy arm, unconquered steam, afar
Drag 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 triumphanl, 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
technical 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 accessible than wind or water mills: this was necessary to cl:ar the g~l
leries of water. The translation of Hero's Pneumatics, wInch contams
devices for using steam, was published in Europe in 1575, and a
series of inventors in the sixteenth century, Porta, Cardan, De Caus
made various suggestions for using the power of steam to ~e~fo.rm
work. A century later the second Marquis of Worcester bUSIed hImself with the invention of a steam pumping engine (1630), thus
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transforming the instrument from a scientific toy into a practical
mechanism. In 1633 the Marquis was granted a patent for his "watercommanding" engine, and he purposed to develop a water works for
supplying water to the inhabitants of London. Nothing came of this;
but tile work was carried further by Thomas Savery whose device,
called The Miner's Friend, was first publicized in 1698.
Dr. Papin, in France, had been working on the same lines: he
described his engine as a "new means to create considerable motive
power at low prices": the purpo~e was clear enough. Following up
rapin's work, Newcomen, in 1712, erected an improved type of
pumping engine. While the Newcomen engine was clumsy and inefficient, since it lost enormous quantities of heat in effecting condensation, it exceeded in power any single earlier prime mover, and
through the appljcation of steam power at the very source of energy,
the coal mine itself, it was possible to sink the mines deeper and
still 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 steam engine, but to raise considerably its efficiency by
creating a separate condensing chamber and by utilizing the expansive pressure of the steam itself. Watt worked on the steam engine
from 1765 on, applied for a patent in 1769, and between 1775 and
180Q erected 289 engines in England. His earlier steam engines were
all pumps. Not until 1781 did Watt devote himself to inventing a
rotary prime mover; and the answer to this problem was the great
double-action fifty horsepower engine that his firm installed in the
Albion Flour Mill in 1786, following the ten horsepower engine he
first made for use in a brewery in London. In less than twenty years,
so great was the demand for power, he installed 84 engines in cotton
mills, 9 in wool and worsted mills, 18 in canal·works and 17 in
breweries.
WaH's improvement of the steam engine in turn required improvements in the metallurgical arts. The machine work of his day in
England was extremely inaccurate, and in boring cylinders for his
engine he was ohliged to "tolerate errors in his cylinders amounting
to the thickness of a little finger in a cylinder 28 inches in diameter."
So the demand for hetter engines, leading to Wilkinson's boring rna-
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chine about 1776, and to Maudslay's numerous inventions and sim.
plifications a generation later-includin~ his perfection of the French
slide rest for the lathe-gave a great stImulus to the machine crafts.
Incidentally, the Albion Mills, designed by Rennie, were not merely
the first to use steam for grinding wheat, but are supposed to have
been the first important estaLli!O>hment in which every piece of the
plant and equipment, axles, wheels, pinions, and shafts, was made
of metal.
In more than one department, then, the 1780's mark the definite
crystallization of the paleotechnic complex: Murdock's steam car.
riage, Cort's reverberatory furnace, Wilkinson's iron boat, Cartwright's power loom, and Jouffroy's and Fitch's steamboats, the latter with a screw propeller, date back to this decade.
The whole technique of wood had now to be perfected in the
more difficult, refractory material-iron. The change from eotechnic
to paleotechnic of course passed .through tra~sitional. stages: but !t
could not remain at a halfway pomt. Though m Amenca and Russla
wood might, for example, be used right up to the third quarter of
the nineteenth century for locomotives and steamboats, the need for
coal developed with the larger and larger demands for fuel that the
universalization of the machine carried with it. The very fact that
Watt's steam engine consumed about eight and a half poun~s of ~oal
per horsepower, in comparison with Smeaton'~ atmospheric engme,
which had used almost sixteen pounds, only mcreased ~he .demand
The
nkind
, and widened the area of explOitatIon.
.
.
f or more of WTatt's
water-turbine was not perfected till 1832: in the mtervenmg two
generations steam had won supremacy, and it re~ained the ,ym~
of increased efficiency. Even in Holland the effiCIent steam ~m~
. .m
th Zuyder
Zee
was presently intruduce d to aSSIst
e
.reclamatloa.
. 'WeN
once the new scale, th e new magm·tu des, the new regularities
•
established, wind and water power could not without further aId COIlapete with steam.
.
ded
But note an important difference: the steam engme ten
monopol)' and concentration. Wind and water power were
. ·t If was
coa I was expensive and the st~am engl~e 1 se ed
ment; so, too, were the machmes that It tum •
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operations, which characterized the mine and the blast furnace, now
came into other industries which had heretofore respected the limitations of day and night. Moved by a desire to earn every possible
sum 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, in
the new milltowns it was frequently 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 the steam engine requires constant care on the part of 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 constant 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, became in turn a symbol
of efficiency. The industrial leaders not only accepted concentration
and magnitude as a fact of operation, conditioned by the steam
en~ine: th~y came to believe in it by itself, as a mark of progress.
~Ith the bIg steam engine, the big factory, the big bonanza farm, the
bIg blast furnace, efficiency was supposed to exist in direct ratio to
size. Bigger was another way of saying better.
. But the steam engine tended toward concentration and bigness in
stIll another way. Though the railroad increased travel distances and
~e amount of locomotion and transportation, it worked within relatIvely narrow regional limits: the poor performance of the railroad
on grades over two per cent caused the new lines to follow the watercourses and valley bottoms. This tended to dra in the population out
th~ back country, that had been served during the eotechnic phase
~hlgh roads and canals: with the integration of the railroad system
•the growth of int~rnati~~al markets, po pula tion tended to heap
up .m ~e great term mal CItIes, the junctions, the port towns The

:f

"J~= e;press services tended to

further this concentratio~ and
r IDes and cross country services ran down, died out, or
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were deliberately extirpated:
to travel across country 1·t was 0 f ten
• .
necessary. to. go .twice the dIstance through a central town and back
again, halrpmwlse.
Though the steam carriage was invented and put into use on the old
coaching ro~ds in Engl~~d before the r~ilroad, it never successfully
challenged It: for a Bntish act of ParlIament drove it off the roads
as soon as the railroad appeared on the scene. Steam power thus
increased the areas of cities; it also increased the tendency of the
new urban communities to coalesce along the main line of transportation and travel. That purely physical massing of population to
which Patrick Geddes gave the name conurbation, was a direct product of the coal-and-iron regime. It must be distinguished carefully
from the social formation of the city, to which it bears a casual
resemblance by reason of its concentration of buildings and people.
The prosperity of these new areas was measured in terms of the size
of their new factories, the size of the population, the current rate of
growth. In every way, then, the steam engine accentuated and deepened that quantification of life which had been taking place slowly
and in every department during the three centuries that had preceded
its introduction. By 1852 the railroad had reached the East Indies: by
1872 Japan and by 1876 China. Wnerever it went it carried the
methods and ideas of this mining civilization along with it.
5: Blood and Iron
Iron and coal dominated the paleotechnic period. Their color
spread everywhere, from grey to black: the black boots, the black
stove-pipe hat, the black coach or carriage, the black iron frame of
the hearth, the black cooking pots and pans and stoves. Was it mourning? Was it protective coloration? Was it mere depression of the
senses? No matter what the original color of the paleoteehnic miliea
might be, it was soon reduced, by reason of the soot and einden ~
accompanied its activities, to its characteristic tones, grey,
brown, black. The center of the new industrialism in England.
appropriately called the Black Country: by 1850 there wa a_M
blackness around the Pittsburgh district in America, and
there was another in the Ruhr and around Lille.
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Iron became the universal material. One went to sleep in an iron
bed and washed one's face in the morning in an iron washbowl: one
practiced gymnastics with the aid of iron dumb-bells or other iron
weight-lifting apparatus; one played billiards on an iron billiard
table, made by Messrs. Sharp and Roberts; one sat behind an iron
locomotive and drove to the city on iron rails, passing over an iron
bridge and arriving at an iron-covered railroad station: in America,
after 1847, the front of the office-building might even he made of
cast iron. In the most typical of Victorian utopias, that of J. S. Buckingham, the ideal city is built almost entirely of iron.
Although the Italians had designed iron bridges in the sixteenth
century, the first to be built in England was in 1779, across the
River Severn: the first iron dome was put on the HaIles des Bles 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 iron during the paleotechnic period that it was not merely a favorite form of medicine,
chosen as much for its magical association with strength as for any
tangible benefits, but it was likewise offered for sale, if not actually
ueed, for cuffs and collar~ to be worn by men, while, with the dewlctpmeot of spring steel, iron even replaced whalebone in the
..,....tua used by the women of the period to deform their breasts,
trieJee aad hips_ If the widest and most advantageous use of iron
~ ..ar:1fal'1". there was no part of existence, nevertheless, that was
diledly or indirectly by the new material.
more efficient production of iron was indeed a direct
dOlIl military demand for it. The first notable
produetion of iron, after the Darby process for
the Hunt8man process for making crucible steel
......, Cort, an English naval agent: he took out
~18 in 1784 and made a timely coneueceas of England's iron industry in
'ridory of British arms during the
an Englishman, took out
o .,-shaped converter to

independent in
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and the later Siemens-Martin procell for makinc
arm flourished in warfare as never before: and
the ironclad or the ste.elclad warship, using lOIll-raap
one of the most effective consumers of the national m.
ence--as well as one of the most deadly weapons of WIU~.j
and steel made it feasible to ~quip larger annies mll"a_ _,j
before: bigger cannon, bigger warships, more COlD.: _ ....~
ment; while the new railroad system made it pollible to _ :
men in the field and to put them in constant COIlIlulUlllial
the base of supplies at ever greater distances: war became.
ment of large-scale mass production.
In the very midst of celebrating the triumphs of peaoe
tionalism in 1851, the paleotechnic regime was
•
of more lethal wars in which, as a result of modem
duction and transport entire nations would finally u.u
the American Civil War, the Franco-Prussian War, MIl
vicious of all, the World War. Nourished by art
dustries, whose plants were over-swollen tlmmp
and past wars, sought new markets: in Ameriaa.
in the steel-framed building; but in the loac .,.;
back on the more reliable industry of \181'.
their stockholders by inciting competitive
the nations: the notorious part recently -~
manufacturers in wrecking the 1nt_ _1t
1927 was only typical of a thouund
previous century_
Bloodshed kept pace with iroa . .
paloetechnic period was ruled,
of blood and iron. Its brutal
the almost priestly ritual it
death. Its "peace" was iDGleII
what was it but latent
What, then, is

powerful elect
y pea

11110
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oxidation of iron may have wiped out traces of a much earlier utilization_ 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.
Iron's principal virtue lies in its combination of great strength
and malleability. While varying amounts of carbon change its characteristics, from toughness to brittleness, as steel or wrought iron it
has greater strength than any of the other common metals; and since,
in suitable cross section, an I-beam of iron is as strong as a solid
block, it matches its strength with relative lightness and transportability 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, zinc, or tin:
whereas steel melts at 1800 degrees Centigrade, and cast iron at
1500, copper has a melting point of 1100 and certain types of bronze
only half that heat: so that the casting of bronze long preceded the
casting of iron. On a large scale, iron-making demands power production: hence, while wrought iron dates back at least 2500 years,
cast-iron was not invented until the fourteenth century when the
water-driven bellows finally made the high temperature needed in
the blast 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
produced hard implements of copper by hammering 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 titanic machines and utilities 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 it
a necessary to cover iron with at least a film of non-oxidizing mate-
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rial. Left to itself, iron rusts away: without constant lubrication
bearings become jammed and w~thout constant painting the iron ships
and bridges and sheds would In the space of a generation become
dangerousl y weakened: unless constant care is assured, the stone viaducts of the Romans, for example, are superior for long-time use.
Again: iron is subject to changes in temperature: allowances must
be made for expansion and contraction in summer and winter and
during different parts of the same day: and without a protective
covering of a fire-resistant material, the iron loses its strength so
rapidly under heat that the ~ounde~t structure would become a mass
of warped and twisted metal. But if iron oxidizes too easily, it
has at least this compensating attribute: next to aluminum it is the
commonest metal on the earth's crust. Unfortunately, the commonness and cheapness of iron, together with the fact that it was used
according to rule-of-thumb pre,",cription long before its properties
were scientifically known, fo:=.tered a certain crudeness in its utilization: allowing for ignorance by erring on the side of safety, the
designers used over-size member in their iron structures which did
not sufficiently embrace the esthetic advantages-to say nothing of
economic gain-possible through lightness and through the closer
adaptation of structure to function. Hence the paradox: between
1775 and 1875 there wa ' technological backwardness in the most
advanced part of technology. If iron was cheap and if power was
plentiful, why should the engineer waste his talents attempting to
use less of either? By any paleotechnic standard, there was no answer
to this question_ Much of the iron that the period boasted was dead
weight.
6: The Destruction of Environment
The fir "t mark of paleotechnic industry was the pollution ohhe"
Disregarding Benjamin Franklin's happy suggestion t~at ~the
being unburnt carbon. should be utilized a second tune m
.
dfa
nace, the new manufacturers erected steam engmes an
neys without any effort to conserve energy by burniq u
the products of the first combustion; nor did they at
to utilize the by-products of the coke-oven or blllQ
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duced in the blast-furnace. For all its boasts of improvement th
.
' e
steam engme 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 w
.
d
as
mamtaine , against his .own desire to do ~way with it, as a pleasing
mark of power and effiCIency, so the smokmg factory chimney, which
polluted the air and wasted energy, whose pall of smoke increased
the number and thickness of natural fogs and shut off still more sunlight-this emblem of a crude, imperfect technics became the boasted
~ymbol of prosperity. And here the concentration of paleotechnic
mdustry added to the evils of the process itself. The pollution and
dirt of a small iron works situated in the open country could be
absorbed or carried away without difficulty. When twenty large iron
works were grouped together, concentrating their effluvia and their
waste-products, a wholesale deterioration of the environment inevitably 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 paleotects
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 corrosion of buildi~gs, to extra cost of light during periods of smog, and
~e losses occasIOned by the lowering of health and vitality through
mterference with the sun's rays. The hydrochloric acid evolved by the
Le Blanc process for manufacturing sodium carbonate was wasted
unt!l an a~t of the British Parliament in 1863, incited by the corrOSIve actIon of the gas on the surrounding vegetation and metal
~ork, compelled its conservation. Need one add that the chlorine
m the "waste-produ~t" was turned to 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 exi tence, was
treated as an abstra.ction. Air and sunlight, because of their deplorlack of .v~lue m ex~hange, had no reality at all. Andrew Ure,
peat BrItIsh apologIst for Victorian capitalism, was aghast at

.we
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the excellent ~h~sician ;h: t~stified bef~re Sadler's Factory Investigating CommISSIOn on t e aSIS of. expenments made by Dr. Edwards
in Paris with t~dpo]e~, that sunlIght was essentiil to the growth of
children: a behef wh~ch h~ backed up-a century before the effect
of sunlight in preventmg flckets was established-by pointin to th
absence of deformities of growth, sllch as were common in mirltown e
among the Mexi~ans and Peruvian~, .regularly exposed to sunligh~
In response to thIS Ure proudly exhIbIted the illustration of a factory
room without windows .as an example of the excellent gas-lighting
which served as a substItute for the sun!
The values of the paleotechnic economy were topsy-turvy: Its
abstractions were reverenced as "hard facts" and ultimate realities·,
whereas the realities of existence were treated by the Gradgrinds and
Bounderbys as abstractions, as sentimental fancies, even as aberrations. So this period was marked throughout the Western World
by the widespread perversion and destruction of environment: the
tactics of mining and the debris of the mine spread everywhere. The
current annual wastage through smoke in the United States is hu"'ge~
one estimate is as high as approximately $200,000,000. In an all too
literal sense, the paleotechnic economy had money to burn.
In the new chemical industries that sprang up during this period
no serious effort was made to control either air pollution or stream
pollution, nor was any effort made to separate such industries froa
the dwelling-quarters of the town. From the soda works, the aJDlllOllia
works, the cement-making works, the gas plant, there emet1ed
fumes, effiuvia, sometimes noxious for human organisma. In
the upper Meuse district in Belgium was in a state of panic
a heavy fog resulted in widespread choking and in the cJettlt
people: on careful examination it turned out that there
only a particularly heavy concentration of the u,ruJ DOiI
chiefly sulphurous anhydride. Even where the
were not conspicuously present, the railroad
dirt: tIie reek of coal was the very incense of the ........ ':
A clear sky in an industrial district was the ian
out or an industrial depression.
If atmospheric sewage was the first

che_
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stream pollution was the second. The dumping of the industrial and
chemical waste-products into the streams was a characteristic mark
of the new order. Wherever the factories went, the streams became
foul and poisonous: the fish died or were forced, like the Hudson
shad: to migrate, and the water became unfit for either drinking or
bathmg. In many cases the refuse so wantonly disposed of was in
fact capable of being used: but the whole method of industry was so
short-sighted and so unscientific that the full utilization of by-products
did not concern anyone for the first century or so. What the streams
could not transport away remained in piles and hillocks on the outskirts of the industrial plant, unless it could be used to fill in the
water-courses or dle swamps on the new sites of the industrial city.
These forms of industrial pollution of course go back very far in the
history of paleotechnic industry: Agricola makes mention of them ,
and they remam to this day one of the most durable attributes of the
mmmg economy.
But with the new concentration of industry in the industrial city
there was still a third source of stream pollution. This was from
human excrement, reckless1y dumped into the rivers and tidal waters
without any preliminary treatment, to say nothing of attempts to
conserve the valuable nitrogenous elements for fertilizer. The
smaller rivers, like the Thames and later the Chicago River became
little less than open sewers. Lacking the first elements of cleanliness,
lacking even a 'water supply, lacking sanitary regulations of any kind,
lacking the open spaces and gardens of the early medieval city,
which made cruder forms of sewage disposal possible, the new industrial towns became breeding places for disease: typhoid bacteria fi.ltered through the soil from privy and open sewer into the wells from
which the poorer classes got their water, or they were pumped out
of the river which served equally as a reservoir for drinking water
and a sewage outlet: sometimes, before the chlorine treatment was
introduced, the municipal waterworks were the chief source of infection. Diseases of dirt and diseases of darkne s flouri shed: smallpox, typhus, typhoid, rickets, tuberculosis. In the very hospitals, the
prevalent dirt counteracted the mechanical advances of surgery: a
great part of those who survived the surgeon's scalpel succumbed to
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"hospital fever." Sir Frederick Treves remembered how the surgeons
of Guy's Hospital boasted of the incrustations of blood and dirt on
their operating coats, as a mark of long practice! If that was surgical
cleanliness, what could one expect of the impoverished workers in
the new slums?
But there were other types of environmental degradation besides
these forms of pollution. Foremost among these was that resulting
from the regional specialization of industry. Natural regional specializations exist by rea on of strong differences in climate and
geological formation and topography: under natural conditions, no
one attempts to grow coffee in Iceland. But the new specialization
was based, not upon conforming to regional opportunities, but upon
concentrating upon a single aspect of industry and pu hing this to
the exclusion of every other form of art and work. Thus England,
the home of the new specialization, turned all its resources and energy
and man-power into mechanical indu try and permitted agriculture to
languish: similarly, within the new industrial complex, one locality
specialized in steel and another in cotton, with no attempt at diversification of manufacture. The result was a poor and constricted social
life and a precarious industry. By reason of specialization a variety
of regional opportunities were neglected, and the amollnt of wasteful
cross-haulage in commodities that could be produced with equal
efficiency in any locality was increased; while the shutting down of
the single industry meant the collapse of the entire local commul1it~.
Above all, the psychological and social stimulus derived from CUltIvating numerous different occupations and different modes of tho~ght
and living disappeared. Result: an insecure industry, a lop-SIded
social life, an impoverishment of intellectual resources, and o~te~ a
physically depleted environment. This intensive regional speclahzation at first brought huge pecuniary profits to the masters of indus~ry;
but the price it exacted was too high, Even in terms of mechaUl~al
efficiency the process wa a doubtful one, because. it ,;as a barfler
against that borrowing from foreign processes whIch IS one of ~he
, . 1 means 0 f efectmg
f'
.
t'lOllS and creating industrIes.
pnnclpa
new mven
,
While when one con iders the environment as an element In human
, 1"Illes t 0 mechanical indusecology, the sacrifice of its varied potentIa
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alone wae hiPlY inimical to human welfare: the usurpation of

puk Bites and bathing sites by the new steel works and coke-ovens,
tfae roekIess placement of railroad yards with no respect to any fact ex-

eept cheapness and convenience for the railroad itself, the destruction

of forests, and the building up of solid masses of brick and paving

.tone without regard for the special qualities of site and soil-all
these were forms of environmental destruction and waste. The cost of
this indifference to the environment as a human resource-who can
measure it? But who can doubt that it offsets a large part of the
otherwise real gains in producing cheap textiles and transporting
surplus foods?

7: The Degradation of the Worker
Kant'. doctrine, that every human being should be treated as an
end, not as a means, was formulated precisely at the moment when
mechanical industry had begun to treat the worker solely as a means
--a meaDI to cheaper mechanical production. Human beings were
dMh with in the same spirit of brutality as the landscape: labor was
101 co to he exploited, to be mined, to be exhausted, and finally
,_ _cliselUded. Responsibility for the worker's life and health
tile cash-payment for the day's labor.
_-.: propqatecl like flies. reached industrial maturity-ten
of ace promptly, served their term in the new textile
iDe., aDd died inexpensively. During the early paleoteCtati·cm of life was twenty years less than that
or a number of centuries the degradation of
It.eadi1y in Europe; at the end of the
tire ahrewdness and near-sighted rapacity
It reached its nadir in England. In other
tyIIem cmtered later, the same
let the pace. What were . .

. 'd d'scipline, the dismal monotony of their
flBlul I sUre pointed out, did not lie 80 much ia the
fie ty, a
h"
th "dO ! L - ! _.
.
self-acting mec amsm as 10 e istrllJllUGD . .
effeetlve
.
.
of
the
apparatus
mto
one
cooperative
budy,
memberS
.'
n with its appropnate delIcacy and speed, . . _
each or ga
.
. , g human heings to renounce their denltory
tralDln
, .
nd to identify thetnselves WIth the unvarymg regularity
;lex automaton." "By the infirmity of human na~
, "it happens that the, more skillIul the workg-..,
agalD,
'lIed and intractable he IS apt to become, and of coaI'll
WI
I
. _1..!...L
and component of the mechanica system m wuwa •
great damage to the whole,"
The first requirement for the factory system, ....
tion of skill. The second was the discipline of IIIIt!nII
was the closing up of alternative occupatioDl ..,.
monopoly and dis-education.
In actual operation, these three requin!ll!JeaIa
order. Poverty and land monopoly kept the
that needed them and removed the posaibi1ity
position by migration: while exclusioa faun
together with specialization in subdivitW
functions, unfitted the machine-worker
farmer, even though he might have the
free lands in the newer parts of the
of a cog, the new worker could
machine. Since the worken
pin and social opportunity.
to the machine were ItaJ~
conditions were the 1011_
wete retaiDed by the di_
WOI~er undermined . .

whO

the
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system itself: perhaps the most remarkable piece of regiment t'
all things considered, that the last thousand years have seen.
a lon,
Arkwright, indeed, was a sort of archetypal figure of the
order: while he is often credited, like so many other successful ne~
capI·
.hb ' .
1
ta Ist~, wIt ~l~g a .great ~nventor, the fact is that he was never guilty
of a smgle ongmal mventIon: he appropriated the work of less astute
men. His factories were located in different parts of England, and in
order to s~pervis~ them he had to travel with Napoleonic diligence, in
a post-chaIse, dnven at top speed: he worked far into the night , on
wheels as well as at his desk. Arkwright's great contribution to his
personal success and to the factory system at large was the elaboration of a code of factory discipline: three hundred years after Prince
Maurice had transformed the military arts, Arkwright perfected the
industrial army. He put an end to the easy, happy-go-lucky habits
that had held over from the past: he forced the one-time independent
handicraftsman to "renounce his old prerogative of stopping when
he pleases, because," as Ure remarks, "'he would thereby throw the
whole establishment into disorder."
Following upon the earlier improvements of Wyatt and Kay, the
enterpriser in the textile industries had a new weapon of discipline
in his hands. The machines were becoming so automatic that the
worker himself, instead of performing the work, became a machinetender, who merely corrected failures in automatic operation, like a
breaking of the threads. This could be done by a woman as easily as
by a man, and by an eight-year-old child as well as by an adult, provided discipline were harsh enough. As if the competition of children
were not enough to enforce low wages and general snbmission, there
was still another police-agent: the threat of a new invention which
would eliminate the worker altogether.
From the beginning, technological improvement was the manufacturer's answer to labor insubordination, or, as the invaluable Ure
reminded his readers, new invention "confirmed the great doctrine
already propounded that when capital enlists science into its service
the refractory hand of labor will be taught docility." Na myth put
this fact in its most benign light when he held, according to Smiles,
that strikes were more productive of good than of evil, since they
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stimulate invention. " In the case of many of our most potent
.
serve d t 0
'ng tools and machmes, manufacturers could not be induced to
seIf-aet1
,
,
,d t them until compelled to do so by stnkes. ThIS was the case of
:h:~elf-aeting mule, the wool-combing machine, the planing-machine,
h lotting machine, Nasmyth's steam-arm, and many others,"
t e;t the opening of the period, in 1770, a writer had projected a
e for providing for paupers. He called it a House of
new schem
' l't was to be a place where paupers would be confined at work
Terror,
for fourteen hours a day and kept in hand by a starvati~n diet. Within
a generation, this House ~f Terror had become the tYPIcal paleotechnie factory: in fact the Ideal, as Marx well says, paled before the
reality.
,
.
,
,
Industrial diseases naturally flounshed m thIS enVlfonment: the
use of lead glaze in the potteries, phosphorus in the match-making
indu~try, the failure to use protective ma~ks in the ~umerous grinding
operations, particularly in the cutler: mdu:try, I~cr~ased t~ ~nor
mous proportions the fatal forms of mdustnal pOIsonmg ,or Injury:
onsumption of china, matches, and cutlery resulted m a steady
mas S C
,
'
destruction of life. As the pace of production increased m certa~n
trades, the dangers to health and safety in the industrial process itself increa "ed: in gla~s-ma king, for example, the lung ~ere overtaxed, in other industries the increased fatigue resulte~ 111 careless
motions and the maceration of a hand or the amputatIon of a leg
might follow.
,
With the sudden increase of population that marked the opemng
year- of the paleotechnic period, labor appeared as a new nat,ural
and labor-mmer.
resource: a lucky fi n d f or t1Ie Ia b or-pr o"pector
~
,,'
Small wonder that the ruling classes flushed with moral mdignatlo~
when they found that Francis Place and his followers had endechavore
.,
mong the Man ester
.
'
to propagate a knowledge 0 f contraceptl\eS a
.,'
. . h
h'lanthroplc radicals were
operatIve 111 the eIghteen-twentle . t ese p l . I And
, .
I
'bl
ply of raw materIa.
threatening an otherWbe me . lau h e sup
d
d
in 0 far as the worker were diseased, crippled, stupefie , an th1'8~
, '
b h
1 technic environment ey
duced to apathy and dejectIOn y tepa eo
d eel to . .
.,
ch the better a apt
were only, up to a certa111 pomt, so mu
d f ~___
new routine of factory an d ml'11 . F or th e highest standar a 0 ~I
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elliciency were achieved with the aid of only partly used human or.
,anisma-in short, of defectives.
With the large scale organization of the factory it became neces.
eary that the operatives should at least be able to read notices, and
from 1832 onwards measures for providing education for the child
laborers were introduced in England. But in order to unify the whole
system, the characteristic limitations of the House of Terror were
introduced as far as possible into the school: silence, absence of mo·
tion, complete passivity, response only upon the application of an
outer stimulus, rote learning, verbal parroting, piece-work acquisition of knowledge--these gave the school the happy attributes of jail
and factory combined. Only a rare spirit could escape this discipline,
or battle successfully against this sordid environment. As the habitua·
tion hecame more complete, the possibility of escaping to other occu·
pations and other environments became more limited.
One final element in the degradation of the worker must be noted:
the maniacal intensity of work. Marx attributed the lengthening of the
working day in the paleotechnic period to the capitalist's desire to
extract extra surplus value from the laborer: as long as values in use
predominated, he pointed out, there was no incentive to industrial
llavery and overwork: hut as soon as labor became a commodity, the
capitalist sought to ohtain as large a share of it as possible for him·
..If at the smallest expense. But while the desire for ga in was perhaps
tile impulse uppermost in lengthening the worker's day-as it hapt a mietaken method even from the most limited point of view1DD't still explain the sudden intensity of the desire itself. This
a result of capitalist production's unfolding itself according
dialectic of development: the desire for gain was a causal
development. What lay hehind its sudden impetus and
the new contempt for any other mode of life or
acept that associated with the machine. The
of the seventeenth century had finally
DiDeteenth. The gospel of

art, play, amIUIe.'
up of

ters and textile masters drove themselves almost aillard
their workers: they scrimped and stinted and starved
the beginning, out of avarice and the will·to-power, u the
themselves did out of sheer necessity. The IUlt for power
Bounderbys despi e a humane life: but they despised it for
selves almost as heartily as they despised it for their
If the laborers were crippled by the doctrine, 80 were the ml...a
For a new type of personality had emerged, a walking abltr4M
the Economic Man. Living men imitated this penny-in.the-tlot
aton, this creature of bare rationalism. These new economio
sacrificed their dige~tion, the interests of parenthood, their
life, their health, most of the normal pleasures and delight of
ized existence to the untrammeled pursuit of power and
Nothing retarded them; nothing diverted them • • • except
the realization that they had more money than they could .,-.,
more power than they could intelligently exercise. Then
repentance: Robert Owen founds a utopian co·o()IllOl'ldh.
Nobel, the explosive manufacturer, a peace fOIUDliatioll/t·
free libraries, Rockefeller medical institutes. Thole
ance took a more private form became the victim of
their tailors, their art dealers. Outside the
Economic Man was in a state of neurotic 1llA1...
cessful neurotics looked upon the arts u UDII
from work and business enterprise: but
maniacal concentration upon work but a
from life itself? In only the mo t limW
trialists better off than the worke
were both, so to say, inmates of the
Yet though the actual resul of
crease the burdens of the orG
it was directed toward hi
ideology were two prinet
the solid rock of . .

and
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name of social improvement that many obsolete arrangements that
had lingered on from the past were swept away, and it was likewise
by reason of their putative utility to mankind at large that the most
humane and enlightened minds of the early nineteenth century weI.
corned machines and sanctioned their introduction. Meanwhile, the
eighteenth century had turned the Christian notion of the equality of
all men in Heaven into an equality of all men on earth: they were
not to achieve it by conversion and death and immortality, but were
supposed to be "born free and equal." While the bourgeoisie interpreted these terms to their own advantage, the notion of democracy
nevertheless served as a psychological rationalization for machine in·
dustry: for the mass production of cheap goods merely carried the
principle of democracy on to the material plane, and the machine
could be justified because it favored the process of vulgarization.
This notion took hold very slowly in Europe; but in America, where
class barriers were not so solid, it worked out into a levelling upward
of the standard of expenditure. Had this levelling meant a genuine
equalization of the standard of life, it would have been a beneficent
one: but in reality it worked out spottily, following the lines most
favorable for profits, and thus often levelling downward, undermining
taste and judgment, lowering qualiLY, multiplying inferior goods.
8: The Starvation of Life
The degradation of the worker was the central point in that more
widespread starvation of life which took place during the paleotechnic
regime, and which still continues in those many areas and occupations
where paleotechnic habits. predominate.
In the depauperate homes of the workers in Birmingham and Leeds
and Glasgow, in New York and Philadelphia and Pittsburgh, in Hamburg and Elberfeld-Barmen and Lille and Lyons, and in similar centers from Bombay to Moscow, rickety and undernourished children
grew up: dirt and squalor were the constant facts of their environ·
ment. Shut off from the country by miles of paved streets, the most
common sights of field and farm might be strange to them: the sight
of violets, buttercups, day-lilies, the smell of mint, honeysuckle, the
locust trees, the raw earth opened by the plow, the warm hay piled

THE PALEOTECHNIC PHASE

179

up in the sun, or the fishy _tang of beach and salt-marsh . 0 vercast by
be shut out and th e sunl'gb
.
I t
the smoke-pall, the sky Itself might
diminished; even the stars at mght became dim.
The essential pattern set by paleotechnic industry in E I d
d'
ng an ,
' lId
with its great teeh mca
ea
an
Its
sedate
well-discipll'ned
.
.'
operatives, was repeated In every new regIOll, as the machine girdled the
globe,
Undcr the stress of competition, adulterants in food became a commonplace of Victorian in~ustry: flour was upplemented with plaster,
pepper with wood, rancId bacon was treated with boric acid, milk
was kept from souring with embalming fluid, and thousands of medi·
cal nostrums flourished under the protection of patents, bilge-water
or poison whose sole efficacy resided in the auto-hypnotism produced
by the glowing lies on their labels. Stale and rancid food degraded
the sense of taste and upset the digestion: gin, rum, whisky, strong
tobacco made the palate less sensitive and befuddled the senses: but
drink still remained the "quicke t way of getting out of Manchester."
Religion ceased in large groups to be the opiate of the poor: indeed
the mines and the textile mills often lacked even the barest elements
of the older Christian culture: and it would be more nearly true to
say that opiates became the religion of the poor.
Add to the lack of light a lack of color: except for the advertisements on the hoardings, the prevailing tones were dingy ones: in a
murky atmosphere even the shadows lose their rich ultramarine or
violet colon;. The rhythm of movement disappeared: within the factory the quick staccato of the machine displaced the organic rhythms,
measured to song, that characterized the old workshop, as Bucher hat
pointed out: while the dejected and the outcast shuffied along the
streets in Citie:; of Dreadful Night, and the sharp athletic movemeDtl
of the sword dances and the morris dances disappeared in the 1Ul'.
viving dances of the working classes, who began to imitate clumail,
the graceful boredom of the idle and the leisured.
Sex, above all, was starved and degraded in this enviroDJDlllt.
the mines and factories an indiscriminate sexual interco
most brutish kind was the only relief from the tedium •
of the day: in some of the English minee the women
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worked completely naked-dirty, wild, and degraded as only the
wont slaws of antiquity had been. Among the agricultural popula.
tion in England sexual experience before marriage was a period of
experimental grace before settling down: among the new industrial
workers, it was often preliminary to abortion, as contemporary evi·
dence proves. The organization of the early factories, which threw
girls and boys into the same sleeping quarters, also gave power to
the overseers of the children which they frequently abused: sadisms
and perversions of every kind were common. Home life was crowded
out of existence; the very ability to cook disappeared among the
women workers.
Even among the more prosperous middle classes, sex lost both its
intensity and its priapic sting. A cold rape followed the prudent con·
tinences and avoidances of the pre-marital state of women. The
secrets of sexual stimulation and sexual pleasure were confined to
the specialists in the brothels, and garbled knowledge about the pOSe
aibilities of intercourse were conveyed by well-meaning amateurs
er by quacks whose books on sexology acted as an additional bait,
frequently, for their patent medicines. The sight of the naked body,
.. aeceaaary for its proud exercise and dilation, was discreetly pro·
W;bitAIId even in the form of undraped statues: moralists looked upon
a lewd distraction that would take the mind off work and under·
IJltematic inhibitions of machine industry. Sex had no
L41LlBe. The ideal paleotechnic figure did not even have legs,
of breasts and sexual organs: even the bustle disDmled the rich curve of the buttocks in the act of

VII. EARLY MANUFACTURE
1: Wood-turner', shop_ Typical ,eparation of labor-power and ,kill: increased
efficiency at the price 01 increased servility of labor_ Note, however, the remains
of the older type of motor, the bent aapling, attached to a foot-treadle_ Note,
too, the existence of the slide rest, usually
attributed to Maudalay_
(All the illustrations on this page are from
the supplement to Diduot's EnC)·clopedia.)

2: Mass.production of bottles. The standardized glass bottle, so useful for medicines and wines, was a late eotechnic
achievement. Before that the finer forms
of glass, goblets, alembics, mirrors, and
distillation flasks had been created. Withr'll \1 u· r.f rIa 5 for spectacles, mir,,alll' ~Cf)p"', telescopes, windows.
n
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-that is, by failing to correct them for age-groups-that the weaknesses of the new industrial towns could be concealed.
With the starvation of the senses went a general starvation of the
mind : mere literacy, the ability to read signs, shop notices, newspapers, took the place of that general sensory and motor training
that went with the handicraft and the agricultural industries. In vain
did the educators of the period , like Schrebcr in Germany with his
projects for Schrebergarten as nece ~ sary elements in an integral education, and like Spencer in England with his praise of leisure, idleness, and pleasant port, attempt to combat thi~ desiccation of the
mind and this drying up of life at the roots. The manual training that
was introduced was as abstract a drill; the a11 fostered by South
Kensington was more dead and dull than the untutored products of
the machine.
The eye, the ear, the touch, starved and battered by the external
environment, took refuge in the filtered medium of print; and the
sad con traint of the blind applied to all the avenues of experience.
The museum took the place of concrete reality; the guidebook took
the place of the museum ; the critici~m took the place of the picture;
the written description took the place of the building, the scene in
nature, the adventure, the living act. This exaggerates and caricatures
the paleotechnic state of mind; but it does not es entially falsify it.
Could it have been othen\'i se? The new environment did not lend
itself to fir.:;t hand exploration and reception. To take it at second
hand, to put at least a psychological distance between the observer
and th horrors and d formities observed, was really to make the
b t of it. The starvation and diminution of life was universal: a certain dullness and irre:,pon iveness, in short, a state of partial anestheia, became a condition of survival. At the very height of England's
industria l squalor, when the hou es for the working cIa ses were
Ir quently built beside open sewers and when rows of them were
hei ng built back to back-at that very moment complacent scholar
writing in middle-class libraries could dwell upon the "filth" and
" d irt" and "ignorance" of the Middle Ages, as compared with the
enlightenment and cleanline s of their own.
How wa~ that belief possible? One must pause for a
7
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examine its origin. For one cannot understand the technics, unless Olle
appreciates its debt to the mythology it had conjured up.
9: The Doctrine of Progress
The mechanism that produced the conceit and the self.compla.
cence of tlle paleotechnic period was in fact beautifully simple.
In the eighteenth century the notion of Progre~s had been elevated
into a cardinal doctrine of the educated classes. Man, according to
the philosophers and rationalists, was climbing steadily out of the
mire of superstition, ignorance, savagery, into a world that was to
become ever more polished, humane and rational-the world of
the Paris salons before the hailstorm of revolution broke the windowpanes and drove the talkers to the cellar. Tools and instruments
and laws and institutions had all been improved: instead of being
moved by instincts and governed by force, men were capable of
being moved and governed by reason. The student at the university
had more mathematical knowledge than Euclid; and so, too, did the
middle class man, surrounded by his new comforts, have more wealth
than Charlemagne. In the nature of progress, the world would go on
forever and forever in the same direction, becoming more humane,
more comfortable, more peaceful, more smooth to travel in, and
above all, much more rich.
This picture of a steady, persistent, straight-line, and almost uni·
form improvement throughout history had all the parochialism of
the eighteenth century: for despite Rousseau's passionate conviction
that the advance in the arts and sciences had depraved morals, the
advocates of Progress regarded their own period-which was in fact
a low one measured by almost any standard except scientific thought
and raw energy-as the natural peak of humanity's ascent to date.
With the rapid improvement of machines, the vague eighteenth century doctrine received new confirmation in the nineteenth century.
The laws of progress became self-evident: were not new machines
being invented every year? Were they not transformed by successive
modifications? Did not chimneys draw better, were not houses
warmer, had not railroads been invented?
Here wal a convenimt measuring stick for historical comparison.
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Assuming that progress was a reality, if the cities of the nineteenth
century were dirty, the cities of the thirteenth century must have been
six centuries dirtier: for had not the world become constantly cleaner?
If the ho pital~ of the early nineteenth century were overcrowded
pest.houses, then those of the fifteenth century must have been even
more deadly. If the workers of the new factory towns were ignorant
and superstitious, then the workers who produced Chartres and Bamberg must have been more stupid and unenlightened. If the greater
part of the population were till destitute despite the prosperity of the
textile trades and the hardware trade~, then the workers of the handi·
craft period must have been more impoverished. The fact that the
cities of the thirteenth century were far brighter and cleaner and
better ordered than the new Victorian towns: the fact that medieval
hospitals were more spacious and more sanitary than their Victorian
successors: the fact that in many parts of Europe the medieval worker
had demonstrably a far higher standard of living than the paleotech.
nic drudge, tied triumphantly to a semi-automatic machine-these
facts did not even occur to the exponent- of Progress as possibilities
for investigation. They were ruled out automatically by the theory
itself.
Plainly, by taking some low point of human development in the
past, one might over a limited period of time point to a real advance.
But if one began with a high point-for example, the fact that German miners in the sixteenth century frequently worked in three
shifts of only eight hours each-the facts of progress, when one
surveyed the mines of the nineteenth century, were non-existent. Or
if one hegan with the constant feudal strife of fourteenth .century
Europe, the peace that prevailed over great areas of Western Europe
between 1815 and 1914 was a great gain. But if one compared the
amount of destruction caused by a hundred years of the most murderous warfare in tlle Middle Ages with what took place in four
short years during the World War, precisely because o~ such great
in truments of technological progress as modern artillery, steel
tanks, poison gas, bombs and flame throwers, picric acid and T.N.T.,
the result was a step backward.
Value, in the doctrine of progress, was reduced to a time

o'.'a..
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tion: value was in fact movement in time. To be old-fashioned or
to be "out of date" was to lack value. Progre::.s was the e(Iuivalent
in history of mechanical motion through space: it was after beholding
a thundering railroad train that Tennyson exclaimed, with exquisite
aptness, "Let the great world spin forever down the ringing grooves
of change." The machine was displacing every other source of value
partly because the machine was by its nature the most progressive
element in the new economy.
What remained valid in the notion of progress were two things
that had no essential connection with human improvement. First: the
fact of life, with its birth, development, renewal, decay. which one
might generalize, in such a fashion as to include the whole universe,
as the fact of change, motion, transformation of energy. Second: the
social fact of accumulation: that is the tendency to augment and
conserve those parts of the social heritage which lend themselves to
transmission through time. No society can escape the fact of change
or evade the duty of selective accumulation. Unfortunately change
and accumulation work in both directions: energies may be dis·
sipated, institutions may decay, and societies may pile up evils and
burdens as well as goods and benefits. To assume that a later point
in development necessarily brings a higher kind of society is merely
to confuse the neutral quality of complexity or maturity with im·
provement. To assume that a later point in time necessarily carries
a greater accumulation of values is to forget the recurrent facts of
barbarism and degradation.
Unlike the organic patterns of movement through space and time,
the cycle of growth and decay, the balanced motion of the dancer,
dte statement and return of the musical composition, progress was
toward infinity, motion without completion or end, motion
metion'. aake. One could not have too much progress; it could
too rapidly; it could not spread too widely; and it could
the "unprogressive" elements in socie.ty too swiftly and
prop-eu was a good in itself independent of direction
Tune of progress, the limited but balanced economy
with it. local potter, its local spinners and
wu overthrown for the sake of providing
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a market for the potteries of the Five Towns and the textiles of Man·
chester and the superfluous hardware of Birmingham. The result
was impoverished villages in India, hideous and destitute towns in
England, and a great wastage in tonnage and man-power in plying
the oceans Letween: Lut at all events a victory for progress.
Life was judged by the extent to which it ministered to progress,
progress was not judged by the extent to which it ministered to life.
The last pos ibility would have been fatal to admit: it would have
transported the problem from the cosmic plane to a human one.
'What paleotect dared ask himself whether labor.saving, money·
grubbing, power-acquiring, space-annihilating, thing-producing devices were in fact producing an equivalent expansion and enrichment
of life? That question would have heen the ultimate heresy. The
men who asked it, the Ruskins, the Nietzsches, the Melvilles, were in
fact treated as heretics and cast out of this society: in more thaD
one case, they were condemned to an exacerbating solitude that
reached the limit of madness.
10: The Struggle for Existence
But progress had an economic side: at bottom it was little leas
than an elaborate rationalizing of the dominant economic conditioDL
For Progress was possihle only through increased production: pt'O"
duct ion grew in volume only through larger sales: theee in tum
an incentive to mechanical improvements and fresh jn,eDtioDI
ministered to new desires and made people conlCiOUI of aesities. So the struggle for the market became the dOlIDil..
in a progressive existence.
The laborer sold himself to the bipeat bidder in the
His work was not an exhibition of personal pride
commodity, whose value varied with the quantity
who were available for performing the 191M
professions, like law and medicine, Itill
iDtI
standard: but their tradition were laD
more general practices of the DIIU"
sold his product in the commelcial mal
dear, he had no other standard
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height of this economy 10hn Bright defended the adulteration of
goods in the British House of Commons as a necessary incident of
competitive sale.
To widen the margin between the costs of production and the return
from sales in a competitive market, the manufacturer depressed
wages, lengthened hours, speeded up motions, shortened the worker's
period of rest, deprived him of recreation and education, robbed
him in youth of the opportunities for growth, in maturity of the
benefits of family life. and in old age of his security and peace.
So unscrupulous was the competition that in the early part of the
period, the manufacturers even defrauded their ovm class: the mines
that used Watt's steam engine refused to pay him the royalties they
owed, and Shuttle Clubs were formed by the manufacturers to assist
members sued by Kay for royalties on his ..invention.
This struggle for the market was finally given a philosophic name:
it was called the struggle for existence. 'Wage worker competed
against wage worker for bare subsistence; the unskilled competed
against the skilled; women and children competed against the male
heads of families. Along with this horizontal struggle between the
different elements in the working class, there was a vertical struggle
that rent society in two: tlle class struggle, the struggle between the
possessors and the dispossessed. These universal struggles served as
basis for the new mythology which complemented and extended the
more optimistic theory of progress.
In his essay on population the Reverend T. R. Malthus shrewdly
generalized the actual state of England in the midst of the disorders
that attended the new industry. He stated that population tended to
expand more rapidly than the food supply, and that it avoided starvation only through a limitation by means of the positive check of
continence, or the negative checks of misery, disease, and war. In
the course of the struggle for food, the upper classes, with their
thrift and foresight and superior mentality emerged from the ruck
of mankind. With this image in mind, and with Malthus's Essay on
Population as the definite stimulus to their thoughts, two British
Charles Darwin and Alfred Wallace, projected the in·
atrugle for the market upon the world of life in general.

hioloaiats,

THE PALEOTECHNIC PHASE

187

Another philosopher of industrialism, just as characteristically a
railroad engineer by profession as Spinoza had been a lens grinder,
coined a phrase that touched off the whole process: to the struggle
for existence and the process of natural selection Spencer appended
the results: "the survival of the fittest." The phrase itself was a
tautology; for survival was taken as the proof of fitness: but that
did not decrease its usefulness.
This new ideology arose out of the new social order, not out of
Darwin's able biological work. His scientific study of modifications,
variations, and the processes of sexual selection were neither furthered nor explained by a theory which accounted not for the occur·
renee of new organic adaptations, but merely for a possible mechanism whereby certain forms had been weeded out after the survivors
had been favorably modified. Moreover, there were the demonstrable
facts of commensalism and symbiosis, to say nothing of ecological
partnership, of which Darwin himself was fully conscious, to modify
the Victorian nightmare of a nature red in tooth and claw.
The point is, however, that in paleotechnic society the weaker were
indeed driven to tlle wall and mutual aid had almost disappeared.
The Malthus-Darwin doctrine explained the dominance of the new
bourgeoisie, people without ta te, imagination, intellect, m~ral
scruples, general culture or eyen elementary bowels of corI~passl0n,
who ro e to the surface precisely because they fitted an enVlfonment
that had no p1a~e and no use for any of these humane attributes.
Only anti- oria1 qualities had survival value. Only people who valued
machine ' more than men were capable under these condition of
governing men to their own profit and advantage.

11: Class and Nation
The struggle between the possessing classes and the worJclna
during thi period as umed a new form, because the Iystem of PII~
duction and exchange and the common intellectual milieu
profoundly altered. This struggle was closely observed ...
fir t time accurately appraised by Friedrich Enpls and
Just as Darwin had extended the competition of
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entire world of life, so did Engels and Marx extend the contemporary
class struggle to the entire history of society.
But there was a significant difference between the new class struggles and the slave uprisings, the peasant rebellions, the local conflicts
between masters and journeymen that had occurred previously in
Europe. The new struggle was continuous, the old had heen sporadic.
Except for the medieval utopian movements-such as the Lollard~
the earlier conflicts had been, in the main, struggles over abuses in a
system which both master and worker accepted: the appeal of the
,,:orker was to an antecedent right or privilege that had been grossly
vIolated. The new struggle was over the system itself: it was an
attempt on the workers' part to modify the system of free wage competition and free contract that left the worker, a helpless atom, free
to starve or cut his own throat if he did not accept the conditions the
industrialists offered.
From the standpoint of the paleotechnic worker, the goal of the
ltru.sg1e was control of the labor market: he sought for power as a
bargainer, obtaining a slightly larger share of the costs of production, or, if you will, the profits of sale. But he did not, in general
leek. relponsible participation as a worker in the business of pra:
daction: he was not ready to be an autonomous partner in the new
eati·:ve mechanism, in which the least cog was as important to the
at a whole as the engineers and scientists who had devised
wIIo controlled it. Here one marks the great gap between
aad the early machine economy. Under the first system
on hie way to being a journeyman; the journeyman,
awl to other centers, and inducted into the mysteriel
hie, not merely of bargaining with his employer,
,ItM:e. The class conflict was lessened by the fact
_ take away the workers' tools of productiOD,
DOl' could they decrease his actual plea u
..eeialization and expropriation
did the conflict begin to
1II1I·'R
m the worker

viDI

his class. The
__ptioD to
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the side of consumption: far more importaDt altimately
spectacular wage-battles that were fought duriq this ,.iodl;;
did not touch the organization of the factory itldf.
Unfortunately, on the terms of the elalS Itmgle
means of preparing the worker for the tinal reeu1ta ~f hi
The struggle was in itself an education for warfare, .ot fer
management and production. The battle was CODItaDt IIId
it was conducted without mercy on the part of the exploitiac
who used the utmost brutality that the police and the
capable of, on occasion, to break the resistance of the
the course of this war one or another part of the pnaetlar
the more skilled occupations-made definite pina iD
hours, and they shook off the more degradins fOnD of
and sweating: but the fundamental condition rem.al" .'
Meanwhile, the machine process itself, with .
cedure, its automatism, its impenonality, •
cialized services and intricate tecbnoloaical
was getting further and further beyond the \YO
of intellectual apprehension or political contIoL
Marx's original prediction that the ell.
out on strict class lines between an
letariat and an equally coherent ill·. ,
fied by two unexpected condiuona. ODe . .
classes and the small indUltriel° °
wiped out they showed wae·XlMdld
a crisis, the big industries with
enormous overhead, we1'e !ell
situation than the waUer
secure, there were even
sumption among the
sary for succelaful
The eecood ta4
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to be a d) illg mov(,1lI nt: event sho\\ d tlwt, un the contrary, it hau

pattern for a1l indu trial aclivitip. . The intensity of these nationalist
tnlggle , aiur.d by the more triLal in tincts, somewhat weakened the
cHect of the cluss struggles. But they were alike in this re pect:
neither the state as conceived by the followers of Austin, nor the
proletarian class as conceived by the followers of Marx, were organic
entities or true social groups: they were both arbitrary collections of
individuals, held together not hy common function, but by a common
collective ymbol of loyalty and hate. This collective symbol had a
magical office: it wa willed into existence by magical formulae and
incantations, and kept alive by a collective ritual. So long a~ the
ritual wa..., piously maintained the <:ubjective nature of its premise'
could be ignored. But the "nation" had this advantage over the
"class": it could conjure up more primitive responses, for it played.
not on material advantage, but on na'ive hates and manias and death.
wishes. After 1850 nationali ~ m became the drill ma~ter of the rest·
less proletariat, and the latter worked out its sense of inferiority
and defeat by identification with the all.powerful State.

taken a new]e se on Iif .
,",'jth the III 1 sing of the population into national ~tatc which l:on·
tinllet! during the nineteenth century, the nation d trugglc Cllt at
rjohl (llJO'lcs to the t!lass struggle. After the Frt'lIt'h revolution war,
t>
t>
" 1Il(
I lIstrial
which
\\a5
once the sport of d 'IHl~tje, I.Iecum t1H' major
occupation of ,~hole peoples: "demo 'ratic" conscription maue this
pos ible.
The ~truggle for political power, always limited in the past by
financial weakne. s, technical reo tri('tions, the indifference and has·
tility of the underlying population now became a struggle between
states for the command of exploitable areas: the mines of Lorraine,
the diamond fields of South Africa, the South American markets,
possible sources of ~lIpply or po"sible outlets for products that could
nOl be absorbed by the depressed proletariat of the iRdustrial coun·
trie_. or, finally, pos~ible fields for inve::.tment for the surplus of
capital heaped up in the "progressive" countries.
"The present," exclaimed Ure in 1835, "is distinguished from
every preceding age by an uni\'ersal ardor of enterprise in arts and
manufactures, Nationals, convinced at length that war is always a
lo~ing game, have converted their swords and muskets into factory
implements. and now contend with each other in the bloodless but still
formidable strife of trade. They no longer send troops to fight on
distant fields, but fabrics to drive before them those of their old
adveLaries in arms, to take pOE ession of a foreign market. To
impair the resources of a rival at home, by underselling his wares
abroad, is the lIew belligerent system, in pursuance of which every
nerve and sinew of the people are put upon the strain." Unfortunately
the sublimation was not complete: ef;onomic rivalries added fuel to
national hates and gave a pseudo. rational face to the most violently
irrational motives.
Even the leading utopias of the paleotechnic phase -wert' nationalist and militarist: Cabet's Icaria, which was eonternporary with the
liberal revolutions of 1848, was a masterpiece of wa rJ ike rf'gimen'
tation in every detail of life, whilst Bellamy, in 1888, took the
organization of the army, on a basis of compulsory service, as the
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12: The Empire of Muddle
The quantity of goods produced by the machine was supposed to
be automatically regulated by the law of supply and demand: commodities, like water, were supposed to seek their own level: in the
long run, only "0 much good!" would be pro~uced as could, be sold ~t
a profit. The lessening of profits automatIcally, accordmg to thIS
theory, closed the valve of production: while the increase of ~rofits
automatically opened it and even would lead to the constructIOn of
new feeders. Producing the necessaries of life. was, however, merely
a by-product of making profit-, Since there was more money to be
made in textiles for foreign markets than in sound workers' houses
, use, more pro fi t III
' beer an dgill
' than in unadulterated
for domestIc
.

•

hread, the elementary nece~ 'ities of shelter-and sometimes ev~n
food-w re scandalously neglected. Ure, the lyric poet of the textile
industries, readily confessed that "to the production of food and
.,
l' os have been
domc~tic accommodation not many automatIc mven 10
,
' I y app I'lca ble. " As prophecy thl
applied, or seem to be extensive
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description
of
the
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was
proved a hsurd , u
correct.
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The shortage of housing for the workers, the congestIOn 0 omestic
quarters, the erection of vile insanitary barrac~s to serve as s~b~ti.
lutes for decent human shelter-these were ulllversal charactenstIcs
of the paleotechnic regime. Fortunately, the terrible incidence of
disease in the poorer quarters of the cities awakened the attention of
health officers, and in the name of sanitation and public health
various measures were taken, dating in England to Shaftesbury's
"model" housing acts in 1851, to alleviate the worst conditions by
restrictive legislation, compul:3ory slum repair, and even an insignificant modicum of slum clearance and improved housing. Some pf
the best examples, from the eighteenth century on, appeared in the
colliery villages of England, possibly as a result of their semi-feudal
traditions, to be followed in the 1860's by Krupp's workers' hou ing
at Essen. Slowly, a small numLer of the worst evils were wiped away,
despite the fact that the new laws were in oppo ilion to th holy
principles of free competitive enterpri e in the production of illth.
The jockeying for profits without allY regard for the tabl rd r·
ing of production had two unfortunate re ult . For one thing, it
undermined agriculture. As long as food supplie- and material
could be obtained cheaply from orne far part of the earth, even
at the expen e of the peedy exhau tion of the .oil- that wer heing
reckle Iy cropped for cotton and wheat, no fTort wa . m. d to keep
agriculture and industry in equipoi e. The country id , r duc rl in
general to the margin of subsi tence, wa f urth r d pr
d by the
drift of population into the apparently thriving factory 10\U] , ilh
infant mortality rate that often ro e a II igh a 300 or more per
thou and live birth. The application of machine to owing, re ping,
thr shing, in tituted on a large scale with the multitud of new
aper invented at the beginning of the century- 1cCormick', a
erely one of many-only ba tened the p"ce of this developm nt.
The IeCOnd elect wa even more disastrou . It divided the world
lido
of machine production and area of foods and raw matei
ce of the over-indu trialized countri
m d th
the further they were cut oft' from their rura] ba
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of suppli~s: hence ~he beginning of strenuous naval competition.
merely (lId the eXIstence of the coal.agglomerations them I
d&pend upon their ability to command water from di tant tream and
lakes, and food from di -tant fields and farms: but continued produotion depended upon the ahility to bribe or browbeat other part of
the earth into accepting their indu trial products. The Civil
in America, by cutting off the supply of cotton, reduced to a Ie of
extreme penury the brave and hone t textile worker of Lancashire.
And the feaT of repeating such event, in other indu trie beside
cotton, was re_pon ible in good part for the panicky imperiali m and
armament competition that developed throughout the world after
1870. A ~ paleotechnil' industry wa founded originally upon y tematic child Inver', sO it was dependent for its continued growth upon
a for ed out let for its goods.
Unfortunatel for the countrie that relied upon thi pro
to
go on indt'finilely, the original con uming area -the new or
"b I kward" ollntri -_peedily took po se ion of the common
heritag in ~it:nce nd te hni and began to produce machill'ted.
ood for lIt m lIe . That tenden y became univer al b the eighti
It w t mporarily limited by the fact that England, which 10
r tailled it t hnical uperiority in weaving and pinnil1l' could
7 op rati ( per thousand ..,pindle in 1837 and onl 3 oper.ti'. .
p r thou and in 1887, while Germany, it nea
COlD'
th
cond dat till u d from 71/2 to 9 while Bomba
25. Dut in 1h long run neither England nor the "advuced
could h Id th 1 ad: for the new machine y
• uaitlrllll'j
'In r with one of the main prop of paleotrinic ill'. .
plac d.
The hit-or·mi tactic8 of the ma
place
social tructure. The leaders of indUltl':Y were
empiric : boa ting that they w re "pr '
elve on their technical ignorance and __ ,r_
fortune out of the Solvay soda p1rocell, . i try. neither did Krupp, the diu'~,....
of the early experimente
.
Be mer, the inventor of -lIlY
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of making steel, at first merely stumbled on his great invention
through the accident of using iron with a low phosphorus content:
it was only the failure of his method with the continental ores that
had a high phosphorus content that led him to consider the chemistry
of the process.
Within the industrial plant scientific knowledge was at a discount.
The practical man, contemptuous of theory, scornful of exact training, ignorant of science, was uppermost. Trade secrets, sometimes
important, sometimes merely childish empiricism, retarded the cooperative extension of knowledge which has been the hasis of all our
major technical advances; whilst the system of patent monopolies
was used by astute business men to drive improvements out of the
market, if they threatened to upset existing financial values, or to
delay their introduction-as the automatic telephone was delayeduntil the original rights to the patent had expired. Right down to the
World War an unwillingness to avail itself of scientific knowledge
or to promote scientific research characterized paleotechnic industry
throughout the world. Perhaps the only large exception to this, the
German dye industry, was due to its close connection with the poisons
and explosives necessary for military purposes.
While free competition prevailed between individual manufac·
turers, planned production for industry as a whole was impossible:
each manufacturer remained his own judge, on the basis of limited
knowledge and information, of the amount of goods he could profit.
ably produce and dispose of. The labor market itself was based on
abeeDce of plan: it was, in fact, by means of a constant surplus of
llDemployed workers, who were never systematically integrated into
iDdUlby. that wages could be kept low. This excess of the unem·
,J~ in "nonnal and prosperous" times was essential to com·
n.tpl'CHluction. The location of industries was unplanned: acci·
advantage, habit, gravitation toward the surplus labor
_ a. hnportant as the tangible advantages from a techThe machine the outcome of man's impulse to
and to canalize his random impulses into
tlurhai the paleotechnic phase the IP

ahracteriatice: nothing less than

empire of muddle. What was, indeed, the boasted "mobility of ..
bor" but the breakdown of stable social relations and the dieorp.zation of family life?
The state of paleotechnic society may be deBCribed, ideally, "OM
of wardom. Its typical organs, from mine to factory, from 111_
furnace to slum, from slum to battlefield, were at the service at
death. Competition: struggle for existence: domination and tUbmil
sion: extinction. With war at once the main stimulUI, the 1IJIIh.p.
lying basis, and the direct destination of this society, the DOimal
motives and reactions of human beings were narrowed down to _
desire for domination and to the fear of annihilation--the fear of
poverty, the fear of unemployment, the fear of losing cla.. __
the fear of starvation, the fear of mutilation and death. Whea war
finally came, it was welcomed with open arms, for it relieved the
intolerable suspense: the shock of reality, however grim, waa __
bearable than the constant menace of spectres, worked up _I
raded forth by the journalist and the politician. The aiDe
battlefield underlay all the paleotechnic activities; and tile . .
they stimulated led to the widespread exploitation of fear.
The rich feared the poor and the poor feared the 16Dl
the middle classes feared the plagues that came from the 'fiIa..
tary quarters of the industrial city and the poor feared.,
the dirty hospitals to which they were taken.
part of the period religion adopted the unWn.
Onward Christian Soldiers, the converted mI~"'''
ity in military dress and order: imperiallit - was regimented like an army, and the army .versal school: teacher and pupll feaNfl
capitalist and worker. Wall, baued 11'• •"1\1
surrounded the factory as well a tlae
children and men feared to hept
gonorrhea tainted sexual intm::OUlree;:,a
lurked Ghosts: the spectre of ....
blind children, crippled
till salvarsan, was iteelf
palisades of dull atree

_I.
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the unbroken rooftops, with never a gap for park or playground.
underlined this environment of death. A mine explosion, a railwa;
wreck, a tenement house fire, a military assault upon a group of
strikers, or finally the more potent outbreak of war-these Were
but appropriate punctuation marks. Exploited for power and profit,
the destination of most of the goods made by the machine was either
the rubbish heap or the battlefield. If the landlords and other monop.
olists enjoyed an unearned increment from the massing of population
and the collective efficiency of the machine, the net result for society
at large might be characterized as the unearned excrement.
13: Power and Time
During the paleotechnic period the changes that were manifested
in every department of technics rested for the most part on one
central fact: the increase of energy. Size, speed, quantity, the multiplication of machines, were all reflections of the new means of utilizing fuel and the enlargement of the available stock of fuel itself.
Power was at last dissociated from its natural human and geographic
limitations: from the caprices of the weather, from the irregularities
of the rainfall and wind, from the energy intake in the form of food
which definitely restricts the output of men and' animals.
Power, however, cannot be dissociated from another factor in work,
namely time. The chief use of power during the paleotechnic period
was to decrease the time during which any given quantity of work
can be performed. That much of the time so saved was frittered away
in disordered production, in stoppages derived from the weaknesses
of the social institutions that arcompanied the factory, and in unemployment is a fact which diminished the putative efficiency of the
new regime. Vast were the labors performed by the steam engine
and its accessories; but vast, likewise, were the losses that accompanied them. Measured by effective work, that is, by human effort
transformed into direct subsistence or into durable works of art and
technics? ~h~ r~lative gains of the new industry were pitifully small.
Othe~ clVlhzatIons with a smaller output of power and a larger expendl~ure ~f t~me had equalled and possibly surpassed the paleotechniC period In real efficiency.
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With the enormous increase in power a new tempo had entered
production: the regimentation of time, which had been sporadic and
fitful now began to influence the entire Western World. The symptom
of this change was the mass production of cheap watches: first begun
in Switzerland, and then undertaken on a large scale in Waterbury,
Connecticut, in the eighteen-fifties.
Time-saving now became an important part of labor.saving. And
as time was accumulated and put by, it was reinvested, like money
capital, in new forms of exploitation. From now on filling time
and killing time became important considerations: the early paleotechnic employers even stole time from their workers by blowing
the factory whistle a quarter of an hour earlier in the morning, or
by moving the hands of the clock around more swiftly during the
lunch period: where the occupation permitted, the worker often reciprocated when the employer's back was turned. Time, in short, was
a commodity in the sense that money had become a commodity.
Time as pure duration, time dedicated to contemplation and reverie,
time divorced from mechanical operations, was treated as a heinous
waste. The paleotechnic world did not heed Wordsworth's Expostula.
tion and Reply: it had no mind to sit upon an old gray stone and
dream its time away.
Just as, on one hand, the filling up of time-compartments became
a duty, so the necessity of "cutting things short" made itself manifest,
too_ Poe attributed the vogue of the short-story in the forties to the
need for brief snatches of relaxation in the routine of a busy day.
The immense growth of periodical literature during this period, following the cheap, large-scale production of the steam-driven prin~ing
press (1814) was likewise a mark of the increasing mechamcal
division of time. While the three-volume novel served the sober
domestic habits of the Victorian middle classes, the periodi~~
quarterly, monthly, daily, and finally almost hourly se~~ the
of the popular needs. Human pregnancies still lasted mne months;
hut the tempo of almost everything else in life was speeded, ~ spaD
was contracted and the limits were arbitrarily clipped, not m terIIl
of th~ functjo~ and activity, ' but in terms of a mechanical . , . of time accountancy. Mechanical periodicity took the place of
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and functional periodicity in every department of life where the
u, urpation was possible.
The spread of rapid transportation occasioned a change in the
method of time-keeping itself. SUll time, which varies a minute every
eight miles as one travels from east to west, ('ould no longer be
observed. Instead of a local time based upon the sun, it was necessary
to have a conventional time belt, and to change abruptly by a whole
110ur when one entered the next time belt. Standard time was im·
po~ed by the transcontinental railroads themselves in 1875 in the
United States, ten years before the regulations for standard time
,"vere officially promulgated at a World Congress. This carried to a
conclusion that standardization of time that had begun with the
foundation of the Greenwich observatory two hundrea years before,
and had been carried further, first on the sea, by comparing ship's
chronometers with Greenwich time. The entire planet was now divided
off into a series of time-belts. This orchestrated actions over wider
areas than had ever been able to move simultaneously before.
Mechanica l time now became second nature: the acceleration of
the tempo became a new imperative for industry and "progress." To
reduce the time on a given job, whether the work was a source of
pleasure, or pain, or to quicken movement through space, whether
the traveler journeyed for enjoyment or profit, was looked upon as
a sufficient end in itself. Some of the specific fears as to the results
of this acceleration were absurd, as in the notion that flight through
space at twenty miles an hour on the railroad would cause heart
disease and undermine the human frame; but in its more general
application, this alteration of th e tempo from the organic period ,
which cannot be greatly quickened without maladjustment of function, to the mechanical period, which can be stretched out or intensi·
fied , was indeed made too lightly and thoughtlessly.
Apart from the primitive physical d elight in motion for its own
sake, this acceleration of the tempo could not be justified except in
terms of p:cuniary rewards. For power and time, the two components
of mechamcal work, are in human term s only a function of purpose.
They have ~o more slgm
. 'ficance, apart f rom human purpose, than
has the sunlIght that falls in the solitude of the Sahara desert. During
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the pa leo technic period, the increa e of power and the acceleratio~
of movement became ends in themselves: ends that justified them.
selves apart from their human consequences.
Technologically, the department in whi ch paleotechnic industr
.
.
h
Y
rose to Its greatest emmence was not t e cotton mill but the railroad
system. The success of this new invention is all the more remarkable
because so little of the earlier technique of the stage-coach could be
carried over into the new means of transportation. The railroad was
the first industry to benefit by the use of electricity; for the telegraph
made possible a long distance signalling system and remote control;
and it was in the railroad that the routing through of production and
the timing and inter-relationsh ip of the various parts of production
took place more than a generation before similar tables and schedules
and forecasts made their way into industry as a whole. The invention
of the necessary devices to en ure regularity and safety, from the
air-brake and the vestibule car to the automatic switch and automatic
signal system, and the perfection of the ystem for routing goods
and traffic at varying rates of speed and under varying weather condi.
tions from point to point, wa one of the superb technical and
administrative achievements of the nineteenth century. That there
were various curbs on the efficiency of the system as a whole goes
without saying: financial piracy. lack of rational planning of indus·
tries and cities, failure to achieve unified operation of continental
trunk lines. But within the o.cial limitations of the period, the
railroad was both the most characteristic and the most efficient form
of technics.

14: The Esthetic Compensation
But paleotechnic industry was not without an idea~ aspect. The ,!ery
bleakness of the new environment provoked esthetIC compensatIOns.
The eye, depr ived of sunlight and color, discovered a new world in
twilight, fog, smoke, tonal distinctions. The haze of the fact~ry town
exercised its own visual magic: the ugly bodies of human bemgs, the
sordid factories and rubbish heaps, disappeared in the fog, and
instead of the harsh realities one encountered under the sun. there
.
d
1 eHows , wistful blues.
was a ve11 of tender laven ers, grays, pear y y
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It was an English painter, J. W. M. Turner, working in the very
heyday of the paleotechnic regime, who left the fashionable classic
landscape with its neat parklike scenery and its artful ruins to create
pictures. during the later part of his career, that had only two
subjects: Fog and Light. Turner was perhaps the first painter to
absorb and directly express the characteristic effects of the new
industrialism: his painting of the steam·locomotive, emerging through
the rain, was perhaps the first lyric inspired by the steam engine.
The smoking factory chimney had helped to create this dense
atmosphere; and by means of the atmosphere one escaped, in vision,
some of the worst effects of the factory chimney. In painting even
the acrid smells disappeared, and only the illusion of loveliness
remained. At a distance, through the mist, the Doulton pottery works
in Lambeth, with their piously misprized decoration, are almost as
stimulating as any of the pictures in the Tate Gallery. Whistler,
from his studio on the Chelsea Embankment, overlooking the factory
district of Battersea, expressed himself through this fog and mist
without the help of light: the finest gradations of tone disclosed and
defined the barges, the outline of a bridge, the distant shore: in the
fog, a row of street lamps shone like tiny moons on a summer night.
But Turner, not merely reacting to the fog, but reacting against it,
tumed from the.garbage.strewn streets of Covent Market, from the
hiMkeaed factories and the darkened London slums, to the purity
elliJht itIelf. In a series of pictures he painted a hymn to the wonder
Jjpt; tuch a hymn as a blind man might sing on finding his eyepu.n to light emerging from night and fog and smoke and
the world. It was the very lack of sun, the lack of color,
within the industrial towns for the sight of rural scenes,
of landscape painting during this period, and
collective triumph, the work of the Barbizon
'''pnlllil)niatl, Monet, Sisley, Pissarro, and mOlt
. . .1 of all, Vincent Van Gogh.
city in ita most complete gloom,
Leedon of the seventies: he a

places like the minet
Ia hi, early p-.
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he absorbed and courageously faced the most _ • •" _
environment: he painted the gnarled bodies of the _ . ..",
animal stupor of their faces, bent over the hare diIIlDelf' -ojl')
:be eternal blacks, grays, dark bluel, and soiled yelhnq
poverty.stricken homes. Van Gogh identified himself withmll••_
forbidding routine: then, going to France, which had ne ••
succumbed to the steam engine and large-scale productioD, .....
still retained its agricultural villages and its petty handicn ,
found himself quickened to revolt against the deformitiel and deprivations of the new industrialism. In the clear air of Provence, Va
Gogh heheld the visual world with a sense of intoxication deepcnad
by the bleak denial he had known so long: the senseI, no lORpI'
blanketed and muffled by smoke and dirt, responded in shrill etItUJ'.
The fog lifted: the blind saw: color returned.
Though the chromatic analysis of the impressioniata ...1 de1m·...
directly from Chevreul's scientific researches on color, their , ...
was unbelievable to their contemporaries: they were UlUMIMlllllr
impostors because the colors they painted were not dglJed ..,.
walls, subdued by fog, mellowed by age, smoke, vami .... l1li..
the green of their grass was yellow in the intenlity of
snow pink, and the shadows on the white walla laveader.
natural world was not sober, the paleotecta thoup,
drunk.
While color and light absorbed the new palboth more narrow and more intenae ia leIlC III."...
environment. The workshop song, the Itr eet
dustman, the pedlar, the flower vendor,
hauling the ropes, the traditional . . .
the taproom, were slowly dyina out • •
time, the power to create new ones
orchestrated by the number of ,...
by the rhythm of IORI or
religious, military. or
mental popular ......
bathoa: only at
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scarcely possible to mention in the same breath "Mary Hamilton's
to the Kirk Gane" and, let us say, The Baggage Car Ahead. Song
and poesy ceased to be folk possessions: they became "literary," professionalized. segregated. No one thought any longer of asking the
servants to come into the living room to take part in madrigal. or
ballad. 'What happened to poetry had happened likewise to pure
music. But music, in the creation of the new orchestra, and in the
scope and power and movement of the new symphonies, became in
a singularly representative way the ideal counterpart of industrial
society.
The baroque orchestra had been built upon the sonority and
volume of stringed instrnments. Meanwhile mechanical invention had
added enormously to the range of sound and the qualities of tone
that could be produced: it even made the ear alive to new sounds
and new rhythms. The thin little clavichord became the massive
machine known as the piano, with its great sounding board, and its
extended keyboard: similarly, a series of instruments was introduced
by Adolph Sax, the inventor of the saxophone, around 1840, between
the wood-winds and the old brasses. All the instruments were now
scientifically calibrated: the production of sound became, within
limits, standardized and predictable. And with the increase in the
number of instruments, the division of labor within the orchestra corresponded to that of the factory: the division of the process itself
became noticeable in the newer symphonies. The leader was the
superintendent and production manager, in charge of the manufacture and assembly of the product, namely the piece of music, while
the composer corresponded to the inventor, engineer, and designer,
who had to calculate on paper, with the aid of such minor instruments
as the piano, the nature of the ultimate product-working out its last
detail before a single step was made in the factory. For difficult
• •
•
compoSitions, new Instruments were sometimes invented or old ones
r~.urrected; but in the orchestra the collective efficiency, the collective harmony, the functional division of labor, the loyal cooperative
JaterpJay between the leaders and the led, produced a collective
If~er than that which was achieved, in all probability,
May linpe factory. For one thing, the rhythm was more subtle;
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and the timing of the successive operations was perfected in the
symphony orchestra long before anything like the same efficient
routine came aLout in the factory.
Here, then, in the constitution of the orchestra, was the ideal pattern of the new society. It was achieved in art' before it was approached in technics. As for the products made possible by the
orchestra, the symphonies of Beethoven and Brahms or the re-orchestrated music of Bach, they have the distinction of being the most
perfect works of art produced during the paleotechnic period: no
poem, no painting, expresses such depth and energy of spirit, gathering resources from the very elements of life that were stifling and
deforming the existing society, as completely as the new symphonies.
The visual world of the Renascence had been almost obliterated: in
France alone, which had not altogether succumbed either to decay
or to progress, did this world remain alive in the succe~sion of
painters between Delacroix and Renoir. But what was lost in the
other arts, what had disappeared almost completely in architecture,
was recovered in music. Tempo, rhythm, tone, harmony, melody,
polyphony, counterpoint, even dissonance and atonality, were all
utilized freely to create a new ideal world, where the tragic destiny,
the dim longings, the heroic destinies of men could be entertained
once more. Cramped by its new pragmatic routines, driven from the
marketplace and the factory, the human spirit rose to a new supremacy in the concert hall. Its greatest structures were built of sound
and vani~hed in the act of being produced. If only a small part of
the population listened to these works of art or had any insight into
their meaning, they nevertheless had at least a glimpse of another
heaven than Coketown's. The music gave more solid nourishment
and warmth than Coketown's spoiled and adulterated fooda, ita
shoddy clothes, its jerrybuilt houses.
Apart from painting and music, one looks almos~ in vain &mODI
the cottons of Manchester, the ceramics of Burslem and L·
or the hardware of Solingen and Sheffield, for object fine
be placed on even the most obscure shelves of a mu um
the best Engli h sculptor of the period, Alfred SteveDI, _l·l
sioned to make designs for Sheffield cutlery, hi, wor
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tion. Disgusted with the ugliness of its own products, the paleotechnic
period turned to past ages for models of authenticated art. This
movement began with the realization that the art produced by the
machines for the great exposition of 1851 was beneath contempt.
Under the patronage of Prince Albert, the school and museum at
South Kensington were founded, in order to improve taste and design:
the result was merely to eviscerate what vitality its ugliness possessed.
Similar efforts in the German speaking countries, under the leadership of Gottfried Semper, and in France and Italy and the United
States, produced no better results. For the moment handicraft, as
re-introduced by De Morgan, La Farge, and William Morris, pro:
vided the only live alternative to dead machine designs. The arts
were degraded to the level of Victorian ladies' fancy work: a trivi-

things not to be found between th~ railroad terminal and the factory:
plain animal self-respect, color III the outer environment and emotional depth in the inner landscape, a life lived for its own val ues,
instead of a hfe on the make. Peasants and savages had retained
some of theo:.e qualities: and to recover them became one of the main
duties of those who sought to supplement the iron fare of indus-
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ality, a waste of time.
Naturally, human life as a whole did not stop short during this
period. Many people still lived, if with difficulty, for other ends than
profit, power, and comfort: certainly these ends were not within
reach of the millions of men and women who composed the working
classes. Perhaps most of the poets and novelists and painters were
distressed by the new order and defied it in a hundred ways: above
all, by existing as poets and novelists and painters, useless creatures,
whose confrontation of life in its many-sided unity was looked upon
by the Gradgrinds as a wanton escape from the "realities" of their
abstract accountancy. Thackeray deliberately cast his works in a preindustrial environment, in order to evade the new issues_ Carlyle,
preaching the gospel of work, denounced the actualities of Victorian
work. Dickens satirized the stock-promoter, the Manchester individualist, the utilitarian, the blustering self-made man: Balzac and Zola
paint~ng the n~w financial order with a documentary realism, left n~
questIOn as to Its degradation and nastiness. Other artists tu rned with
Morris and the Pre-Raphaelites back to the Middle Ages where Overbeck and Hoffmann in Germany, and Ch ateaubnand
"
.
and Hugo 111
F rance, had preceded th . t'll tI
'
.
em. s I 0 lers turned wIth
Brownmg
to
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. ..
.
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with ToIs 0
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t y to the peasants. What did they seek? A few simple
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IS: Mechanical Triumphs
The human gains in the paleotechnic phase were small: perhaps
for the mass of the population non-existent: the progressive and
utilitarian John Stuart Mill, was at one here with the most bitter
critic of the new regime, John Ruskin. But a multitude of deta iled
advances were made in technics itself. Not merely did the inventors
and machine-makers of the paleotechnic phase improve tools and
refine the whole apparatus of mechanical production, but its scientists
and philosophers, its poets and artists, helped lay the foundation for
a more humane culture than that which had prevailed even during
the eotechnic period. Though science 'was only sporadically applied
to industrial production, most notably perhaps, through Euler and
Camus, in the improvement of gears, the pursuit of science went on
steadily: the great advances made during the seventeenth century
were matched once more in the middle of the nineteenth in the
conceptual reorganization of eyery department of scientific thouJ!;htadvances to which we attach the names of von Meyer, 't\lendelev,
Faraday, Clerk-Maxwell, Claude Bernard, Johannes Miiller, Darwin,
Mende], Willard Gibbs, Mach, Quetelet, Marx, and Comte, to mention only some of the outstanding figures. Through this scientific work,
technics itself entered a new phase, whose characteristics we shall
examine in the next chapter. The essential continuity of science and
technics remains a realit), through all their shifts and phases.
The technical gains made during tl1is phase were tremendous: it
was an era of mechanical realizatiun when, at last, the ability of
the tool-makers and machine-makers lwd caught up WitIl the demands
of the inventor. During this period the principal machine tools were
perfected, including tile drill, the planer, and the lathe: power-pro-
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pelled vehicles were created and their speeds were steadily increased:
the rotary press came into existence: the capacity to produce, maniplate and transport vast masses of metal was enlarged: and many of
the chief mechanical instruments of surgery-including the stethoscope and the ophthalmoscope-were invented or perfected, albeit
one of the most notable advances in instrumentation, the use of the
obstetrical forceps, was a French invention during the eotechnic
phase. The extent of the gains can be made most clear if one confines attention roughly to the first hundred years. Iron production
increased from 17,000 tons in 1740 to 2,100,000 tons in 1850. With
the invention in 1804 of a machine for dressing the cotton warps
with starch to prevent breaking, the power 100m for cotton weaving
at last became practical: Horrocks' invention of a successful loom
in 1803 and its improvement in 1813 transformed the cotton industry.
Because of the cheapness of hand workers-as late as 1834 it was
e~timated that there were 45,000 to 50,000 in Scotland alone and
about 200,000 in England-power 100m weaving came in slowly:
"..hile in 1823 there were only 10,000 steam looms in Great Britain
in ] 865 there were 400,000. These two industries serve as a fairly
accurate index of pa leotechnic productivity.
Apart from the mass-production of clothes and the mass-distribution of foods, the great achievements of the paleotechnic phase were
not in the end-product but in the intermedinte machine and utilities.
Above all, there wa- one department that was peculiarly it possession: the u, e of iron 011 a great scale. Here the engineers and workers
were on familiar ground, and here, in the iron steamship, in the
iron hridge, ill the skeleton tower, nnd in the machine-tools and
machines, they recorded their most deci ive triumph.
Both the iron bridge and the iron ship have a brief history. "'bile
numerous drsign for iron bridges were made in Italy by Leonardo
and hi~ contf'mporaries, the fir~t iron hridge in England was not
built till the end of the eighteenth century. The problems to be
worked out in the u e of structural iron were nIl unfamiliar one!!,
nnd while the engineer had recourse to malhf'mati(,H I a istance in
making and checking his calculations, the actual technique was in
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advance of the mathematical expression. Here was a field for ingenuity, daring experiment, bold departures.
In the course of less than a century the ironmakers and the structural engineers reached an astonishing perfection. The size of the
steamship increased speedily from the tiny Clermont, 133 feet long,
and 60 tons gross, to the Great Eastern, finished in 1858, the monster
of the Atlantic, with decks 691 feet long, 22,500 tons gro~:" capahle
of generating 1600 H.P. in its screw engines and 1000 H.P. in its
paddle-wheel engines. The regularity of performance abo increased:
by 1874 the City of Chester crossed the ocean regularly in eight
days and between 1 and 12 hours over, on eight succc' ·jve voyages. The rate of speed increa~ed in crossing the Atlantic from the
twenty-six days made by the Savannah in 1819 to the seven day::. and
twenty hours made in 1866. This rate of increase tended to s'lacken
during the next s'venty years: a fact equally tme of railroull transportation. "'bat held for ~peed held likewise for size, a - the hig
steam~hips lost by their bulk ease of handling in harbors and a
they reached the depths of the channel in safe harbors. The Great
Eastern was five time as big as the Clermont: the biggpst 'teamship
today is less than twice as big as the Great Eastern. The speed of
transatlantic travel in 1866 was over three times a' fast as in 1819
(47 years) but the present rate i les~ than twice as fa t as 1866
(67 years). This hold ' true in numerous departments of technic :
acceleration and quantification and multiplication went on fa -ter in
the early paleotechllic phase than they have gone on since in the
•
same provmce.
An early ma tery was likewi e achicyed in the building of iron
structure~. Perhaps the greatest monument of the period was the
Cry tal Palace in England: a timel ,~~ building which binds together
the eotechni phase, with its invelltion of the gla s hothou~e, the
paleotechni , with its use of the gIns ·covered railroad hed, and
the neote 'hnie, with it fr 5h appreciation of sun and gla and
tructural lightn . But the bridges were the more typical monument : not forgetting Telford' iron chain su pen ion bridge o~er
Mena' .traits (lRI~-lo~5); the Brooklyn Bridge, begun in 1869
and the Firtlt 01 Forth bridge, a great cantilever construction, bepa
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in 1867, were perhaps the most complete esthetic consummations of
the new industrial technique. Here the quantity of the material, even
the element of size itself, had a part in the esthetic result, emphasiz_
ing the difficulty of the ta~k and the victory of the solution. In these
magnificent works the sloppy empiric habits of thought, the catchpenny economies of the textile manufacturers, were displaced: such
methods. though they playc,I a scandalous part in contributing to the
disasters of the early railroad and the early American river-steam_
boat, were at last ~loughed off: an objective standard of performance
was set and achieved. Lord Kelvin was consulted by the Glasgow
shipbuilders in the working out of their difficult technical problems:
the~e machines and structures revealed an honest, justifiable pride
in confronting hard conditions and conquering obdurate materials.
What Ruskin said in praise of the old wooden ships of the line
applies even more to their greater iron counterparts in the merchant
trade: it will hear repeating. '"Take it all in all, a ship of the line
is the most honorable thing that man, as a gregarious animal, has
produced. By himself, unhelped, he can do better things than ships
of the line; he can make poems and pictures, and other such concentrations of what is best in him. But as a being living in flocks and
hammering out, with alternate strokes and mutual agreement, what
is necessary for him in these flocks to get or produce, the ship of
the line is his first work. Into that he has put as much of his human
patience, common sen~e, forethought, experimental philosophy, selfcontrol, habits of order and obedience, thoroughly wrought hard
work, defiance of brute elements, careless courage, careful patrioti'tll,
and calm expectation of the judgment of God, as can well be put into
a space 300 feet long hy 80 feet broad. And I am thankful to have
lived in an age when I could ~ee this thing so done."
This period of daring experimentation in iron ~trllctures reached
its climax in the early skyscrapers of Chirago, [llld in Eiffcl' great
bridges and viaduct : the famous Eiffel Tower of 1888 overtopped
these in height hut not in ma~terv.
"
Ship.huilding and bridge-building, moreover, were extremely com·
plex ta ks: they required a degree of intcr-l't'lation antI co-ordination
that few industries, except possibly railroads, approached. These
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structures called forth all the latent m~litary virtues of the regime
and used them to good pUl'po~e: men .rIsked their lives with superb
nonchalance every day, smeltmg the lfon, hammering and riveting
the steel, working on narrow platforms and ~lender beams; and there
was little distinction in the course of production between the engineer,
the loremen, and the common workers: each had his share in the
common task; each faced the danger. When the Brooklyn Bridge was
being built, it was the Master Mechanic, not a common workman,
who first tested the carriage that was used to string the cable. William
Morris characterized the new steamships, with true insight, as the
Cathedrals of the Industrial Age. He was right. They brought forth
a fuller on.:hestration of the arts and sciences than any other work
that the paleotects were engaged upon, and the final product was a
miracle of compactness, speed, power, inter-relation, and esthetic
unity. The steamer and the hridge were the new symphonies in steel.
Hard grim men produced them: wage slaves or taskmasters. But like
the Egyptian stone carver many thou -and years before they knew
the joy of creative effort. The arts of the drawing room wilted in
comparison. The masculine reek of the forge was a sweeter perfume
than any the ladies affected.
In back of all these efforts was a new race of artists: the English
toolmakers of the late eighteenth and the early nineteenth century.
These toolmakers sprang by necessity out of two dissimilar habitats:
the machine works of Bolton and Vi att and the wood-working shop
of Joseph Bramah. In looking around for a workman to carry out
a newly patented lock, Bramah seized on Henry Maudslay, a bright
young mechanic who had begun work in the Woolwich Arsenal.
Maudslay became not merely one of the most skilled mechanics of
all time: his passion for exact work led him to bring order into the
making of the essential parts of machines, above all, machiJle.
screws. Up to this time screws had been usually cut by hand: they
were difficult to make and expensive and were used a8 little
possible: no system was observed as to pitch or form of the thi_
Every bolt and nut, as Smiles remarks, was a sort of lpe_
itself. Maudslay's screw-cutting lathe was one of the dec:ia'jO,•
of standardization that made the modern machine poaaihll_

_

TECHNICS AND CIVILIZATION

ried the pirit of the artist into every department of machine makin,:
ItaDdardizing, refining, reducing to exact dimensions. Thanks to
Maudslay interior angles, instead of being in the sharp form of an
L were curved. Maudslay was used by M. I. BruneI to make hi.
tackle-block machine; and out of his workshop, trained by his exact
methods, came an apostolic succession of mechanics: Nasmyth,
who invented the steam hammer, Whitworth, who perfected the rifle
and the cannon, Roberts, Muirs, and Lewis. Another great mechanic
of the time, Clement, also trained by Bramah, worked on Babbage'.
calculating machine, between 1823 and 1842-the most refined and
intricate mechanism, according to Roe, that had so far been pro.
duced.
Thete men spared no effort in their machine-work: they worked
knrard perfection, without attempting to meet the cheaper compatitioa of inferior craftsmen. There were, of course, men of similar
ia America, France, and Germany: but for the finest work the
toolmaken commanded an international market. Their pro..
_ _It ultimately, made the steamship and the iron bridge P081ible.
lark of an old workman of Maudslay's can well bear rep&" .. a pleasure to see him handle a tool of any kind, but
. . with an eighteen inch file." That was the tribute
an excellent artist. And it is in machinel
IIIOIl original examples of directly paLD
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by the frustrated populations that have COllI_
system. This process can have no other end "'aD ..
the extinction of both sides together, or tile ~
nation at the very moment that it ha. finiahed
Though for convenience I have talked of the pal.
its past tense, it is still with us, and the method.
it has produced still rule a great part of JMnkiad.
supplanted, the very basis of technics itlelf may be . . .
our relapse into barbarism will go on at a • • 11 • •
tional to the complication and refinement of our
ical inheritance.
But the truly significant part of the pa~. .
in what it produced but in what it led to: it wu
tion, a busy, congested, rubbish-strewn av. . . . . . .
and the neotechnic economies. Institutiona do 'lI8Il~l
only directly: they also affect it by re'loa of
they produce. While humanly speaki.
a disastrous interlude, it helped by •
the search for order, and by its special
the goals of humane living. Action ad
opposite direction&.
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CHAPTER V.

THE NEOTECHNIC PHASE

1: The Beginnings of N eotechnics
The neotechnic phase represents a third definite development in
the machine during the last thousand years. It is a true mutation: it
differs from the paleotechnic phase almost as white differs from
black. But on the other hand, it bears the same relation to the
eotechnic phase as the adult form does to the baby.
During the neotechnic phase, the conceptions, the anticipations,
the imperious visions of Roger Bacon, Leonardo, Lord Verulam,
Porta, Glanvill, and the other philosophers and technicians of that
day at last found a local habitation. The first hasty sketches of the
fifteenth century were now turned into working drawings: the first
guesses were now re-enforced with a technique of verification: the
first crude machines were at last carried to perfection in the exquisite
mechanical technology of the new age, which gave to motors and
turbines properties that had but a century earlier belonged almost
exclusively to the clock. The superb animal audacity of Cellini, about
to cast his difficult Perseus, or the scarcely less daring work of
Michelangelo, constructing the dome of St. Peter's, was replaced by
a patient co-operative experimentalism: a whole society was now
prepared to do what had heretofore been the burden of solitary
individuals.
Now, while 'the neotechnic phase is a definite physical and social
complex, one cannot define it as a period, partly because it has not
yet d~ve~oped its own form and organization, partly because we
are shll 10 the midst of it and cannot see its details in their ultimate
relationships, and partly hecause it has not displaced the older
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ized the trans ormatIOn
0 t e eotechnic order in the 1 t
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. paleotechnic order,
me mslltutions have nevertheless m many cases compromised with'
.
'1
t l · ,d . b
It, glVen
way be:f ore It, os~ lelr 1 entIty y reason of the weight of vested
interest~ that. contmued to ,suppo~ the obsolete instruments and the
anti-SOCIal alms ?f the mI?dle mdustrial era, Paleotechnic ideals
still largely dommate the zndustry and the politics of the Western
World: the clas~ struggle,S and the ~ational struggles are still pushed
with relentl~ss vlgor. WhIle eotechmc practices linger on as civilizing
influences, 10 gardens and parks and painting and music and the
th~ater, the paleot:chnic rema~s a ba~barizing influence, To deny
thIS would be to clmg to a fool s paradIse, In the seventies Melville
framed a question in fumbling verse whose significance has deepened
with the intervening years:
• • • Arts are tools;
But tools, they say, are to the strong:
Is Satan weak? Weak is the wrong?
No blessed augury overrules:
Your arts advanced in faith's decay:
You are but drilling the new Hun
Whose growl even now can some dismay.

To the extent that neotechnic industry has failed to transform the
coal-and-iron complex, to the extent that it has failed to secure an
adequate foundation for its humaner technology in the community
as a whole, to the e..xtent that it has lent its heightened powers to
the miner, the financier, the militarist, the possibilities of disruption
and chaos have increased_
But the beginnings of the neotechnic phase can nevertheless be
approximately fixed. TIle first definite change, which increased the
efficiency of prime movers enormously, multiplying it from three
to nine times, was the perfection of the water-turhine by Fourneyron
in 1832. This came at the end of a long series of studies, begun
empirically in the development of the spoon-wheel in the sixteenth
century and carried on scientifically hy a series of investigaton.

a
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notably Euler in tlle middle of the eighteenth century. Burdin,
Fourneyron's master, had made a ~eries of improvements in the
turbine type of water·wheel-a development for which one may
perhaps thank France's relative backwardness in paleotechnic industry-and Fourneyron built a single turbine of 50 H.P. as early
as 1832. With this, one must associate a series of important scientific
discoveries made by Faraday during the same decade. One of these
was his isolation of benzine: a liquid that made possible the commercial utilization of rubLer. The other was llis work on electro.
magnetic currents, beginning with his discovery in 1831 that a con·
ductor cutting the lines of force of a magnet created a difference
in potential: shortly after he made this purely scientific discovery,
he received an anonymous letter suggesting that the principle might
be applied to the creation of great machines. Coming on top of the
important work done by Volta, Galvani, Oersted, Ohm, and Ampere,
Faraday's work on electricity, coupled with Joseph Henry's exactly
contemporary research on tlle electro.magnet, erected a new basis for
the conversion and distribution of energy and for most of the decisive
neotechnic inventions.
By 1850 a good part of the fundamental scientific discoveries and
inventions of the new phase had been made: the electric cell, the
storage cell, the dynamo, the motor, the electric lamp, the spec·
troscope, the doctrine of the conservation of energy. Between 1875
and 1900 the detailed application of these inventions to industrial
processes was carried out in the electric power station and the tele·
phone and the radio telegraph. Finally, a series of complementary
inventions, the phonograph, the moving picture, the gasoline engine,
the steam turbine, the airplane, were all sketched in, if not perfected,
by 1900: these in turn effected a radical tramformation of the power
plant and the factory, and they had further effects in suggesting new
principles for the design of cities and for the utilization of the
environment as a whole. By 1910 a definite counter-march against
paleotechnic methods began in industry itself.
The outlines of the process were blurred by the explosion of the
World War and by the sordid disorders and reversions and compensations that followed it. Though the instruments of a neotechnic
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civilization are now at hand, and though many definite signs of an
integration are not lacking, one cannot say confidently that a single
region, much less our Western Civilization as a whole, has entirely
embraced the neotechnic complex: for the necessary social institutions and the explicit social purposes requisite even for complete
technological fulfillment are lacking. The gains in technics are
never registered automatically in society: they require equally adroit
inventions and adaptations in politics; and the careless habit of
attributing to mechanical improvements a direct role as instruments
of culture and civilization puts a demand upon the machine to which
it cannot respond. Lacking a cooperative social intelligence and
good.will, our most refined technics promises no more for society's
improvement than an electric bulb would promise to a monkey in
the midst of a jungle.
True: the industrial world produced during the nineteenth century is either technologically obsolete or socially dead. But unfortunately, its maggoty corpse has produced organisms which in turn
may debilitate or possibly kill the new order that should take its
place: perhaps leave it a hopel:ss cripple. One ~f the firs~ steps, however, toward combating such dIsastrous results IS to realize that even
technically the Machine Age does not form a continuous and harmonious unit, that there is a deep gap between the paleotechnic and
neotechnic phases, and that the habits of mind and the tactics we
have carried over from the old order are obstacles in the way of our
developing tlle new.
2: The Importance of Science
The detailed history of the steam engine, the railroad, the textile
mill, the iron ship, could be written without more than pass~ng reference to the scientific work of the period. For these deVices w~
made possiLle largely by the method of empirical pr~ctice, by trial
and selection: many lives were lost by the explOSion of tea...
boilers before the safety·valve was generally adopted. ~d thot'.
all tllese inventions would have been the better for SCIence,
came into existence, for the most part, without its direct aid
the practical men in the mines, the factories, the
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and the clockmakers' shops and the locksmiths' shops or the curious amateurs with a turn for manipulating materials and imagining
new processes, who made them possible. Perhaps the only scientific
work that steadily and systematically affected the paleotechnic design
was the analysis of the elements of mechanical motion itself.
With the neotechnic phase, two facts of critical importance become
plain. First, the scientific method, whose chief advances had been in
mathematics and the physical sciences, took possession of other
domains of experience: the living organism and human society also
became the objects of systematic investigation, and though the work
done in these departments was handicapped by the temptation to
take over the categories of thought, the modes of investigation, and
the special apparatus of quantitative abstraction developed for the
isolated physical world, the extension of science here was to have
a particularly important effect upon technics. Physiology became
for the nineteenth century what mechanics had been for the seventeenth: instead of mechanism forming a pattern for life, living
organisms began to form a pattern for mechanism. Whereas the
mine dominated the paleotechnic period, it was the vineyard and
the farm and the physiological laboratory that directed many of
the most fruitful investigations and contributed to some of the most
radical inventions and discoveries of the neotechnic phase.
Similarly, the study of human life and society profited by the
same impulses toward order and clarity. Here the paleotechnic phase
had succeeded only in giving rise to the abstract series of rationalizations and apologies which bore the name of political economy: a
body of doctrine that had almost no relation to the actual organization of production and consumption or to the real needs and interests
and habits of human society. Even Karl Marx, in criticizing these
doctrines, succumbed to their misleading verbalisms: so that
whereas Das Kapital is full of great historic intuitions, its description of price and value remains as prescientific as Ricardo's. The
abstractions of economics, instead of being isolates and derivatives
of reality, were in fact mythological constructions whose only justification would be in the impulses they excited and the actions they
prompted Following Vico, Condorcet, Herder and G. F. Hegel, who
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were philosophers of history, Comte, Quetelet, and Le Play laid
down the new science of sociology; while on the heels of the abstract
psychologists from, Locke and Hume, onward, the new observers of
human nature, Bam, Herhart, DarWIn, Spencer, and Fechner integrated psychology with biology and studied the mental processes as
a function of all animal behavior.
In short, the concepts of science, hitherto associated largely with
the cosmic, the inorganic, the "mechanical" were now applied to
every phase of human experience and every manifestation of life.
The analysis of matter and motion, which had greatly simplified the
original tasks of science, now ceased to exhaust the circle of scientific interests: men sought for an underlying order and logic of
events which would embrace more complex manifestations. The
Ionian philosophers had long ago had a clue to the importance of
order itself in the constitution of the universe. But in the visible
chaos of Victorian society Newlands' original formulation of the
periodic table as the Law of Octaves was rejected, not beeause it was
insufficient, but because Nature was deemed unlikely to arrange
the elements in such a regular horizontal and vertical pattern.
During the neotechnic phase, the sense of order became much
more pervasive and fundamental. The blind wh.irl. of atoms no ~onger
seemed adequate even as a metaphorical descnptIon of the umverse.
During this phase, the hard and fast nature of matter itself ~~er.
went a change: it became penetrable to newly discovered electriC lJDe
pulses, and even the alchemist's original guess about the tran8~uta
tion of the elements was turned, through the discovery of radl~
into a reality. The image changed from "solid mlltter" to ''ftowIIII
energy."
Second only to the more comprehensive attack of the acu_
method upon aspects of existence hitherto only feebly tou.eoerr
it, was the direct application of scientific knowled~.t~ teClllIlGt·,
the conduct of life. In the neotechnic phase, the mam
not from the ingenious inventor, but from the lCienti
the general law: the invention is a derivative p
who in essentials invented the telegraph, not Mol_It.
who invented the dynamo, not Siemens; it
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the electric motor, not Jacobi; it was Clerk-Maxwell and Hertz who
invented the radio telegraph, not Marconi and De Forest. The transla.
tion of the scientific knowledge into practical instruments was a mere
incident in the process of invention. While distinguished individual
inventors like Edison, Baekeland and Sperry remained, the new in.
ventive genius worked on the materials provided by science.
Out of this habit grew a new phenomenon: deliberate and systematic invention. Here was a new material: problem-find a new
use for it. Or here was a necessary utility: problem-find the
theoretic formula which would permit it to be produced. The ocean
eable was fin ally laid only when Lord Kelvin had contributed the
necessary scientific analysis of the problem it presented: the thrust
of the propeller shaft on the steamer was finally taken up without
clumsy and expensive mechanical devices, only when Michell worked
out the behavior of viscous fluids: long distance telephony was made
possible only by systematic research by Pupin and others in the
Bell Laboratories on the several elements in the problem. Isolated
inspiration and empirical fumbling came to count less and less in
invention. In a whole series of characteristic neotechnic inventions
the thought was fa ther to the wish. And typically, this thought is a
collective product.
While the independent theoretic mind was still, naturally, im.
mensely stimulated by the suggestions and needs of practical life,
as Carnot had been stirred to his researches on heat by the steam
engine, as the chemist, Louis P asteur, was stirred to bacteriological
re~ear('h by the predicament of the vintners, brewers, and silkworm
growers, the fact was that a libera ted scientific curiosity might at any
moment prove as valuable as the m~st factual pragmatic research.
Indeed: this freedom, this remoteness, this contemplative isolation,
so foreIgn to the push of practical success and the lure of immediate
applications, began to fill up a general reeervoir of ideas which
flowf>d over , as' if by gravI'ty , l'Ilt 0 prac t'lca 1 a IT a HS.
' Th e POSS!:1)1'J'ltles
.
fOf} human life could be gauged by the height of the reservoi r itself,
rat ler than by the pressu re th e d envatlve
. .
stream m iO'ht show at
any
'
ha d een
b 'Impelled from
0
. .moment. And thou ghsCience
the begmnmg, by practical
nee d s an d b y th e d eSIre
. for magical
'
,
controls,
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quite as much perhaps as by the will·to-order, it came during the
nineteenth century to act as a counterweight to the passionate desire
to reduce all existence to terms of immediate profit and success. The
scientists of the first order, a Faraday, a Clerk-Maxwell, a Gibbs,
were untouched by pragmatic sanctions: for them science existed as
.
'
the arts exist, not SImply as a means of exploiting nature, but as a
mode of life: good for the states of mind they produce as wen as
for the external conditions they change_
Other civilizations reached a certain stage of technical perfec.
tion and stopt there: they could only repeat the old patterns. Technics
in its traditional forms provided no means of continuing its own
growth. Science, by joining on to technics, raised so to say the ceil·
ing of technical achievement and widened its potential cruising area.
In the interpretation and application of science a new group of
men appeared, or rather, an old profession took on new importance.
Intermediate between the industrialist, the common workman, and
the scientific investigator came the engineer.
We have seen how engineering as an art goes back to antiquity,
and how the engineer began to develop as a separate entity as a
result of military enterprise from the fourteenth century onward,
designing fortifications, canals, and weapons of assault. The first
great school devised for the training of engineers was the Ecole
Polytechnique, founded in Paris in 1794 in the midst of the revolution: the school at 51. Etienne, the Berlin Polytechnic and Rensselaer
(1824) came shottly after it : but it was only in the middle of the
nineteenth century that South Kensington, Stevens, Ziirich, and
other schools followed. The new engineers must master all the probe
lems involved in the development of the new machines and utilities,
and in the application of the new forms of energy: the ~ange of the
profession must in all its specialized branches. be as ~lde as Leonardo's had been in its primitive relatively undifferentiated state.
Already in 1825 Auguste Comte could say:
.
•
" It is ea y to recognize in the scientific body as 1~ now elusts a
certain numher of engineers distinct from men of SCience properl
so-ca lIed. This important class arose of necessity when Theory.
·
. thad
Practice, wh ich set out from such dIstant
pom
s,

a"-
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sufficiently to give each other the hand. It is this that makes its dis.
tinctive character still so undefined. As to characteristic doctrines
fitted to constitute the special existence of the class of engineers, their
true nature cannot be easily indicated because their rudiments only
exist. . . . The establishment of the class of engineers in its proper
characteristics is the more important because this class will, without
doubt, constitute the direct and necessary instrument of coalition be.
tween men of science and industrialists by which alone the new social
order can commence." (Comte: Fourth Essay, 1825.)
The situation to which Comte looked forward did not become pOSe
sible until the neotechnic phase itself had begun to emerge. As the
methods of exact analysis and controlled observation began to pene.
trate e\'ery department of activity, the concept of the engineer
broadened to the more general notion of technician. More and more,
each of the arts sought for itself a basis in exact knowledge. The
infusion of exact, scientific methods into every department of work
and action, from architecture to education, to some extent increased
the scope and power of the mechanical world-picture that had been
built up in the seventeenth century: for technicians tended to take
the world of the physical scientist as the most real section of experi.
ence, because it happened, on the whole, to be the most measurable;
and they were sometimes satisfied with superficial investigations as
long as they exhibited the general form of the exact sciences. The
specialized, one·sided, factual education of the engineer, the absence
of humanistic interests in both the school of engineering itself and
the env,ir~nm.ent into which the engineer was thrust, only accentuated
~hese hmltat~ons. Those interests to which Thomas Mann teasingly
mtr~duced IllS hal~-baked nautical engineer in The Magic Mountain,
the mterests of philosophy, religion, politics and love were absent
I run
' th
'
. of
from the utilitarian world,. b ut'm th
e ong
e broader
baSIS
'
the
was to h ave an effect
and the restora. neotechnic econom Y I't se If,
tlon of the human't'
. theC
,
'
lies m
a1'£'
I onua InstItute of Technology and
the Stevens Institute wa
. 'fi
b
h th
s a slgm cant step toward repairing the
at was opened in th
h
reac
t hn'
e seventeent century. Unlike the paleo·
ec IC economy which had
the
t h"
. grown so exclusively out of the mine,
neo ec mc economy was app I'Ica bl e at every point in the valley
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section-as important in its bacteriology for the farmer as in its
psychology for the teacher.
3: New Sources of Energy
The neotechnic phase was marked
th conquest
"
' to begin with,bye
of a new form of energy: electnclty. The lodestone
and the properties
'
.
of amber wh:n rubbed w~r: both known to the Greeks; but the first
modern treatIse on electnclty dates back to Dr. John Gilbert's De
Magnete, published in 1600. Dr. Gilbert related frictional elec.
tricity to magnetism, and after him the redoubtable burgomaster
of Magdeburg, Otto von Guericke, he of the Magdeburg hemispheres, recognized the phenomenon of repulsion, as well as attraction, while Leibniz apparently was the first to observe the electric
spark. In the eighteenth century, with the invention of the Leyden
jar, and with Franklin's discovery that lightning and electricity were
one, the experimental work in this field began to take shape. By 1840
the preliminary scientific exploration was done, thanks to Oersted,
Ohm, and above all, to Faraday; and in 1838 Joseph Henry had even
observed the inductive effects at a distance from a Leyden jar: the
first hint of radio communication.
Technics did not lag behind science. By 1838 Professor Jacobi, at
St. Petersburg, had succeeded in propelling a boat on the Neva at
four mile~ an hour by means of an "electro-magnetic engine," David·
son on the Edinburgh and Glasgow Railway achieved the same speed;
while in 1849 Professor Page attained a speed of 19 miles per hour
on a car on the Baltimore and Washington Railroad. The electric
arc light was patented in 1846 and applied to the lighthouse .t
Dungeness, England, in 1862. Meanwhile, a dozen forms of the electric telegra ph had been invented: by 1839 Morse and SteiDheil laM
made possible instantaneous communication over long distaneel.
using grounded wires at either end. The practical developmeat
the dynamo by Werner Siemens (1866) and the .ltemater
Nikola Tesla (1887) were the two necessary steps in the
tution of electricity for steam: the central power ttaticlll
tribution system, invented by Edison (1882) presently-"
In the application of power, electricity eft'"
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changes: tllese touched the location and the concentration of indus>
tries and the detailed organization of the factory-as well as a multitude of inter-related services and institutions. The metallurgical
industries were transformed and certain industries like rubber production were stimulated_ Let us look more closely at some of these
changes.
During the paleotechnic phase, industry depended completely
upon the cOhl mine as a source of power. Heavy industries were
compelled to settle close to the mine itself. or to cheap means of
transportation by means of the canal and the railroad. Electricity,
on the other hand, can be developed by energy from a large number
of sources: not merely coal, but tile rapidly running river, the falls,
the swift tidal estuary are available for energy; so are the d irect
rays of the sunlight (7000 H.P. per sun-acre) for the sun-batteries
that have been built in Egypt; so too is the windmill, when accumulators are provided_ Inaccessible mountain areas, like those in the Alps,
the Tyrol, Nonvay, the Rockies, interior Africa, became for the
first time potential sources of power and potential sites for modem
industry: the harnessing of water-power, thanks to the supreme efficiency of the water-turbine, which rates around 90 per cent, opened
up new sources of energy and new areas for colonization-areas
more irregular in topography and often more salubrious in climate
than the valley-bottoms and lowlands of the earlier eras. Because of
the enormous vested interest in coal measures, the cheaper sources
of energy have not received sufficient systematic attention upon the
part of inventors: but the present utilization of solar energy in
agriculture about 0.13 per cent of the total amount of solar energy
received-presents a challenge to the scientific engineer; while the
possibility of using differences of temperature between the upper
and lower levels of sea water in the tropics offers still another pros·
pect for escaping servitude to coal.
The availability of water-power for producing energy, finally,
changes the potential distribution of modern industry thro ughout the
planet, and reduces the peculiar industrial dominance that Europe
and the United States held under the coal-and-iron regime. For Asia
and South America are almost as well endowed with water-power-
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over fifty ml'11'IOn horsepower each-as the older ind t' I
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. '
us fla regIOns,
and AfrIca
has
three
tImes
as
much
as
either
Eu
.
. ,
rope or North
f
AmerIca. Even wIthm Europe and the United States a I 'f '
•
" .
S 11 hng 0 the
industrIal center of gravIty IS takmg place: thus the Iea dersh'Ip 111
.
hydro-electric power development
has gone to Italy ' Fra nee, Norway,
,
Switzerland and Sweden m the order named, and a similar shift is
taking place toward the two great spinal mOlUltain.sy~tems of the
United States. The coal measures are no longer the exclusive measures of industrial power.
Unlike coal in 10ng distance transportation, or like steam in local
distribution, electricit~ is much ea~ier to transmit without heavy \
losses of energy and hIgher costs. WIres carrying high tension alternating currents can cut across mountains which no road vehicle can
pass over; and once an electric power utility is established the rate of
deterioriation is slow. Moreover,. electricity is readily convertible
into various forms: the motor, to do mechanical work, the dectric
lamp, to light, the electric radiator, to heat, the x·ray tube and the
ultra-violet light, to penetrate and explore, and the selenium cell, to
effect automatic control.
While small dynamos are less efficient than large dynamos, the
difference in performance between the two is much less than that
between the big steam-engine and the small steam-engine. When the
water-turbine can be used , the advantage of being able to use electricity with high efficiency in all sizes and power-ratings becomes
plain: if there is not a sufficiently heavy head of water to operate a
large alternator, excellent work can nevertheless be done for a small
industrial unit, like a farm, by harnessing a small brook or stream
and using only a few horsepower; and by means of a small auxiliary
gasoline engine con tinuous operation can be assured despite seasonal fluctuat.ions in the flow of the water. The water turbine haa the
great advantage of being automatic: once installed, the costa of
production are almost nil, since no fireman or atten~ant is neceesary. With larger central power stations there are other advantaau .
Not all power need be absorbed by the local area: by a . , . .
interlinked stations, surplus power may he transmitted 0
distances, and in case of a breakdown in a single pWat
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itself will remain adequate by turning on the current from the asso·
cia ted plants.
4: The Displacement of the Proletariat
The typical productive units of the paleotechnic period were
afflicted with giantism: they increased in size and agglomerated to·
gether without attempting to scale size to .effi:iency .. In part this
grew out of the defective system of commUnIcatIOn whIch antedated
the telephone: this confined efficient administration to a single manu·
facturing plant and made it difficult to disperse the several units,
whether or not they were needed on a single site. It was likewise
abetted by the difficulties of economic power production with small
steam engines: so the engineers tended to crowd as many produc.
tive units as possible on the same shaft; or within the range of
steam pressure through pipes limited enough to avoid excessive
condensation losses. The driving of the individual machines in the
plant from a single shaft made it necessary to spot the machines
along the shafting, without close adjustment to the topographical
needs of the work itself: there were friction losses in the be-lting, and
the jungle of belts offered special dangers to the workers: in addition to these defects, the shafting and belting limited the use of
local transport by means of travelling cranes.
The introduction of the electric motor worked a transformation
within the plant itself. For the electric motor created flexibility in
the design of the fa ctory: not merely could individual units be placed
where they were wanted, and not merely could they be designed for
the particular work needed : but the direct drive, which increased
the efficiency of the motor, also made it possible to alter the layout
of the plant itself as needed. The installation of motors removed the
belts which cut off light and lowered efficiency, and opened the way
for the rearrangement of machines in fun ctional units without regard
for the shafts and aisles of the old·fa shioned factory: each unit
could work at its own rate of speed , and start and stop to suit its
own needs, without power losses through the operation of the plant
as a whole. According to the calculations of a German engilleer, this
has raised the performance fifty per cent in efficiency. Where large
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units were handled, the automat~c servicing of the machines through
travelling cranes now became SImple. All these developments have
come a.bout d~ring the last forty years; and it goes without saying
that it IS only III the more advanced plants that all these refinements
and economies in operation have been embraced.
With the use of electricity, as Henry Ford has pointed out, small
units of production can nevertheless be utilized by large units of
administration, for efficient administration depends upon recordkeeping, charting, routing, and communication, and not necessarily
upon a local overseership. In a word, the size of the productive unit
is no longer determined by the local requirements of either the steam
engine or the managerial staff: it is a function of the operation itself.
But the efficiency of small units worked by electric motors utilizing
current either from local turbines or from a central .power plant has
given small-scale industry a new lease on l ife: on a purely technical
basis it can, for the first time since the introduction of the steam
engine, compete on even terms with the larger unit. Even domestic
production has become possible again through the use of electricity:
for if the domestic grain grinder is less efficient, from a purely mechanical standpoint, than the huge flour mills of Minneapolis, it permits a nicer timing of production to need, so that it is no longer
necessary to consume bolted white flours because whole wheat flours
deteriorate more quickly and spoil if they are ground too long before
they are sold and used. To be efficient, the small plant need not remain in continuous operation nor need it produce gigantic quantities
of foodstuffs and goods for a distant market: it can respond to local
demand and supply; it can operate on an irregular basis, since the
overhead for permanent staff and equipment is proportionately
smaller; it can take advantage of smaller wastes of time and enerlJ
in transportation, and by face to face contact it can cut out the
inevitable red.tape of even efficient large organizations.
As an element in la rge-scale standardized industry, makiDl P~
uets for a continental market, the small plant can now sUYI
"There is no point," as Henry Ford says, "in centralizinl
.,..
turing unless it results in economies. If we, for in .... nce,
our entire production in Detroit we should have to emp10J
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6,000,000 pc'ople. . . . A product that is used all over the country
ought to he made all over the country, in order to distribute buying
power more evenly. For many years we have followed the policy of
making in our branches whatever parts they were able to make for
the area they served. A good manufacturer who makes himself a
specialist will closely control his production and is to be preferred
over a hranch." And again Ford says: "In our first experimenting
. . . we thought that we had to have the machine lines with their
assembly and also the final assembly all under one roof, but as we
grew in understanding we learned that the making of each part was
a separate business in itself, and to be made wherever it could be
made the most efficiently, and that the final assembly line could be
anywhere. This gave us the first evidence of the flexibility of modern production, as well as indication of the savings that might be
made in cutting down unnecessary shipping."
Even without the use of electric power the small workshop, because of some of the above facts, has survived all over the world
.
'
III defiance of the confident expectations of the early Victorian economists, marvelling over the mechanical efficiency of the monster
textile mills: with electricity, the advantages of size from any point
of view, except in possible special operations like the production of
iron, becomes questionable. In the production of steel from scrap
iron the electric furnace may be used economically for operations on
a much smaller scale than the blast-furnace permits. Moreover, the
weakest part mechanically of automatic production lies in the expense and hand·labor involved in preparation for shipment. To the
extent that a local market and a direct service does away with these
operations it removes a costly and completely uneducative form of
work. Bigger no longer automatically means better: flexibility of
the power unit, closer adaptation of means to ends, nicer timing of
operation, are the new marks of efficient industry. So far as concentration may remain, it is largely a phenomenon of the market, rather
than of technics: promoted by astute financiers who see in the large
organization an easier mechanism for their manipulations of credit,
for their inflation of capital values, for their monopolistic controls.
The electric power plant is not merely the driving force in the
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new technology: it. is. likewise
perhaps one of the most Ch aracter18tlc
.
. "
end-products;
" for It IS 10 It elf an exhibition of that comp1ete automatism to wIuch, as Mr. Fred Henderson and Mr • Walter P 0 1akov have
ably demonstrated, our modern system of power prod uct'Ion ten ds
'
From the movement of "coal off the railroad truck or th e coal b
arge,
by means of a travellIng crant., operated by a single man, to the
stoking of the coal in the furnace by a mechanical feed er, power
machinery takes the place of human energy: the worker, instead of
being a source of work, becomes an observer and regulator of the
performance of the machines-a supervisor of production rather than
an active agent. Indeed the direct control of the local worker is the
same in principle as the remote control of the management itself,
supervising, through reports and charts, the flow of power and
goods through the entire plant.
The qualities the new worker needs are alertness, responsiveness,
an intelligent grasp of the operative parts: in short, he must be an
all-round mechanic rather than a specialized hand. Short of complete
automatism, this process is still a dangerous one for the worker: for
partial automatism had been reached in the textile plants in England
by the eighteen-fifties without any great release of the human spirit.
But with complete automatism freedom of movement and initiative
return for that small part of the original working force now needed
to operate the plant. Incidentally, it is interesting to note that one
of the most important labor-saving and drudgery-saving devices, the
mechanical firing of boilers, was invented at the height of the paleotechnic period: in 1845. But it did not begin to spread rapidly ill
power plants until 1920, by which time coal had begun to feel competition from automatic oil burners. (Another great economy ...
vented in the same year [1845], the use of blast-fumace
far
fuel, did not come in till much later.)
In all the neotechnic industries that produce completely
ardized goods, automatism in operation is the goal toward
they tend. But, as "Barnett points out, "the displacinl po('hines varies widely. One man on the stone-planer is CAldlla
ducing as much as eight men can produce by haud. ~
semi-automatic bottle machine can make aa DlID}'

sa-
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blowers. A linotype operator can set up as much matter as four
hand-compositors. The Owens bottle machine in its latest form is
capable of an output per operative equal to that of eighteen handblowers." To which one may add that in the automatic telephone
exchange the number of operators has been reduced about eighty
per cent, and in an American textile plant a single worker can look
after 1200 spindles. While the deadliest form of high-paced, piecemeal, unvaried labor still remain in many so-called advance industries, like the straight-line assemblage of Ford cars, a form of work
as dehumanized and as backward as any practiced in the worsfmanufacturing processes of the eighteenth century-while this is true, in
the really neotechnic industries and processes the worker has been
almost eliminated.
Power production and automatic machines have steadily been
diminishing tile worker's importance in factory production. Two
million workers were cast out between 1919 and 1929 in the United
States, while production itself actually increased. Less than a tenth
of the population of the United States is sufficient to produce the
bulk of its manufactured goods and its mechanical services. Benjamin
Franklin figured that in his day the spread of work and the elimination of the kept classes would enable all the necessary production
to be accomplished with an annual toll of five hours per worker per
day. Even with our vast increase in consumptive standards, both in
intermediate machines and utilities and in final goods, a fragment of
that time would probably suffice for a neotechnic industry, if it were
organized efficiently on a basis of steady, full-time production.
Parallel to the advances of electricity and metallurgy from 1870
onward were the advances that took place in chemistry. Indeed,
the emergence of the chemical industries after 1870 is one of the
definite signs of the neotechnic order, since the advance beyond the
age-old empirical methods used, for example, in distilling and in the
manufacture of soap naturally was limited by the pace of science
itself. Chemistry not merely assumed a relatively larger share ill
every phase of industrial production from metallurgy to the fabrication of artificial silk: but the chemical industries themselves, by
their very nature, exhibited the characteristic neotechnic features a

THE NEOTECHNIC PHASE

229

whole generation before mechanical industry showed them. Here
Matare's figures, though they are almost a generation old, are still
significant: in the advanced mechanical industries only 2.8 per cent
of the entire personnel were technicians: in the old-fashioned chemical industries, such as vinegar works and breweries, there were 2.9
per cent; but in the more recent chemical industries, dyes, starch
products, gas works, and so forth, 7.1 per cent of the personnel were
technicians. Similarly, the processes themselves tend to be automatic,
and the percentage of workers employed is smaller than even in
advanced machine industries, while workers who supervise them
must have similar capacities to those at the remote control boards
of a power station or a steamship. Here, as in neotechnic industry
generally, advances in production increase the number of trained
technicians in the laboratory and decrease the number of human
robots in the plant. In short, one witnesses in the chemical processes
-apart from the ultimate packaging and boxing-the general change
that characterizes all genuinely neotechnic industry: the displacement
of the proletariat.
That these gains in automatism and power have not yet been assimilated by society is plain; and I shall revert to the problem here
presented in the final chapter.
S: Neotechnic Materials
Just as one associates the wind and water power of the eotechnic
economy with the use of wood and glass, and the coal of the paleotechnic period with iron, so does electricity bring into wide industrial
use its own specific materials: in particular, the new alloys, the
rare earths, and the lighter metals. At the same time, it creates a
new series of synthetic compounds that supplement paper, glass and
wood: celluloid, vulcanite, bakelite and the synthetic resins, with
special properties of unhreakability, electrical resistance, imperviousness to acids, or ela~ticity.
Among the metals. lectricity places a premium upon those that
have a high degree of conductivity: copper and aluminum. Area
area, copper is almost twice as good a conductor as aluminwa
weight for weight aluminum is superior to any other m
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silver, while iron and nickel are practically useless except where
resistance is needed, as for example in electric heating, Perhaps
the most distinctively neotechnic metal is aluminum, for it Was
discovered in 1825 by the Dane, Oersted, one of the fruitful early
experimenters with electricity, and it remained a mere curio ity
of the laboratory through the high paleotechnic period. It was not
until 1886, the decade that saw the invention of the motion picture
and the discovery of the Hertzian wave, that patent for making
aluminum commercially were taken out. One need not wonder at
aluminum's low development: for the commercial proce of extraction is dependent upon the u~e of large quantitie~ of electric
energy: the principal cost of reducing the aluminum ore Ly the
electrolytic process is the u, e of from tcn to twelve kiluwatt hour
of energy for every pound of metal recovcred, Hen
the indu try
must naturally attach itself to a cheap ource of electric pow r,
Aluminum is the third most aLundant element on the earth'
crust, following oxygen and ilicon; Lut at prc~ ellt it i manufactured
chiefly from its hydrated oxide, hauxite. 1£ the e -tr cli n of aluminum from clay i. not yet comm rcially f a ible, n one an doubt
that an effective means will eventlla lIy b found: hen e the upply of
aluminum is practically inexhau tibl , all th' mor _ h cuu'" it low
oxidation permits society to build up ~t aJay a r
rv of crap
metal. This entire development ha taken place ov rap riod of little
more than forty years, tho e same f011y year th t
' the introduction of central power plants and multiple motor in tallation in fac·
torie ; and while copper production in th la~t tw nty year hu
• reased a good fifty per cent, aluminum production ha increa
~,piDs the me period 316 per cent. Everything from typewriter
m..,. to airplan ,from cooking ve els to furniture, can no he
aluminum and it tronger alloy. With aluminum a
JiPtne i set: a dead weight i lifted from all f01'lDl
new aluminum cars for railroad can a •

alIer output of po er. If one of the

.....eclJlDie period wa the tran la •
r and more aecur
_ _ _.ie riod i to
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heavy iron form into lighter aluminum ones, And iu
nique of water-power and electricity had an effect in I'NW' 1IliI_
even the coal-consump~ion a~d steam-production of power pIal_
o the lightne of alummum IS a challenge to more careful nd_Nt
accurate de~ign in ~u('h machines and utilitie as still u i
..
f
d
lOll
steel. The gro::; over-slZlng 0 tan ard dimen ion, with an ex
'
factor of ~afety ba ed upon a judicious allowance for iporanee.,
intolerahle in the finer design of airplane ; and the calculationa
the airplane engineer mu t in the end react back upon the d ip 0
Lridge , cran ". teel-building: in fact, uch a reaction i all'elLCIY
in evidence. In"tcad of bigne' and heavine 8 being a happy du'tial>
tion, the_l qualities are now recognized a handicaps: ligbltllei. __
ompadnes' aI" the enll'rgent qualities of the neotecl.nic a.
The u of tb rar metal and the metallic earths i another . . .
aeterj'4ic advant of thi pha e: tantalum, tungsten, thori-....
c rium in lamp, iridium and platinum in mechanical COlo.. _.
-the tip of fount in pen or the attachmen in remcmble
ture -and of nickel, vanadium, tung ten, manpnese UlCIcIR.
in te 1. c1 nium, who~e lectrical re i tance vari
the inten it • of light, was another metal which IPlraII
with electricit .: automatic counting device aDd eIIdrliG
are both po ibl hy rea on of thi ph ical PI01l181t'.
As a re uIt of y tematic experiment in .....
took place h r comparable to that which ••• taft
from the steam-engine to the dynamo.
a pecial place in indu try, and th ir car.d
habit of thrift even in the e ploi l'
Thul the production of rustle
steel and add to the metal worth reca.
Already the upply of steel •
at lall become 0 important tlYlt ....
hearth furnace in the Uni
hearth proce now tak4e1 CIIR

pndw=t:'ion. The rare

nineteenth centllfYt
a d,ecGl~"
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out of all proportion to their bulk. The significance of minute
..
h' h
h II
. .
quan.
tItIe5-W . IC. we s a .note agam m physiology and medicine--is
characterIstIc of the entIre metallurgy and technics of the new h
f d
.
I
p ase.
.h
ne
mIg
t
say,
or
ramatlc
emp
Iasis,
that
paleotechnics
regarded
O
only the figures to the left of the decimal, whereas neotechnl'cs IS
. pre.
occupied with those to the right.
There is still another important consequence of this new com I
'l
.
d
p ex.
Wh 1 e certam pro ucts of the neotechnic phase, like glass, co er
.
pp ,
·
. l'k'
an d a Iummum, eXIst I"e Iron m great quantities, there are other
important materials-asbestos. mica, cobalt, radium, uranium
thorium, helium, cerium, molybdenum, tungsten-which are exceed:
ingly rare, or which are strictly limited in their distribution. Mica,
for example, has unique properties that make it indispensable in
t?~ electrical industry: its regular cleavage, great flexibility, elas·
tlClty, transparency, non.conductivity of heat and electricity and gen·
eral resistance to decomposition make it the best possible material
~or radio condensers, magnetos, spark plugs, and other necessary
mstruments: but while it has a fairly wide distribution there are im·
portant parts of the earth that are completely without it. Manganese,
one of the mOit important alloys for hard steel, is concentrated chiefly
in India, Russia, Brazil and the Gold Coast of Africa. With tungsten,
~eventy per cent of the supply comes from South America and 9.3
per cent from the United States; as for chromite, almost half the
present supply comes from South Rhodesia, 12.6 per cent from New
Caledonia, and 10.2 per cent from India. The rubber supply, simi·
larly~ is still limited to certain tropical or sub.tlopical areas, notably
BraZIl and the Malayan archipelago.
Note the importance of these facts in the scheme of world com~odity fto~..Both eotechnic and paleotechnic industry could be car·
ned on wlthm the framework of European society: England, Ger·
many, France, ~e leading countries, had a sufficient supply of wind,
wood, water, lImestone, coal, iron ore; 50 did the United States.
Under• the neotech'
•.
mc regIme
th"
eIr mdependence and their self"die.ey are gone. They must either organize and safeguard and

Gworldwide basis 0/ supply, or run the risk 0/ going desti__pe into

tJ

lower and cruder technology. The basis of
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the material elements in the. new
industry is neither na t'lona1 nor
.
continental but planetary:
't
h
. IS equally true, of course , of
I S tee .
. . fi h thIS
A laboratory in Toki'0 or Ca1cutta
nological an d SClentl c entage.
••
may produce a theory or an mventIOn which will entirely alt h
possibilities of life for a fIshing community in Norway.
conditions, -no coun~ry and no continent can surround itself with a
wall without wreckmg the essential, international basis of its technology: so if the neotechnic economy is to survive,Oit has no other
alternative than to organize industry and its polity on a worldwide
scale. Isolation and national hostilities are forms of deliberate
technological suicide. The geographical distribution of the rare earths
and metals by itself almost establishes that fact.
One of the greatest of neotechnic advances is associated with the
chemical utilization of coal. Coal tar, once the unfortunate refuse of
the paleotechnic type of beehive coke oven, became an important
source of wealth: from each ton of coal "the by.product oven produces
approximately 1500 pounds of coke, 111,360 cubic feet of gas, 12
gallons of tar, 25 pounds of ammonium sulphate, and 4 gallons of
light oils." Through the breakdown of coal tar itself the chemist has
produced a host of new medicines, dyes, resins, and even perfumes.
As with advances in mechanization, it has tended to provide greater
freedom from local conditions, from the accidents of supply and the
caprices of nature: though a plague in silkworms might reduce the
output of natural silk, artificial silk, which was first successfully
created in the eighties, could partly take its place.
But while chemistry set itself the task of imitating or reconstructing the organic-ironically its first great triumph was Wohler's production of urea in 1825---certain organic compounds for the tint
time became important in industry: so that one cannot without severe
qualification accept Sombart's characterization of modem iDduet,rf
as the supplanting of organic materials with inorganic oneL
greatest of these natural products was rubber, out of whicla
dians of the Amazon had, by the sixteenth century,
clothes, and hot water bottles, to say nothing of balla IDtL;'
The development of rubber is exactly contemporary
tricity, even as cotton in Western Europe exactly

Undere~:s:
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engine, for it was Faraday's isolation of benzine, and the later Use
of naphtha, that made its manufacture possible elsewhere than at
its place of origin. The manifold uses of rubber, for insulation,
for phonograph records, for tires, for soles and heels of shoes, for
rainproof clothing, for hygienic accessories, for the surgeon's gloves,
for balls used in play give it a unique place in modern life. Its
elasticity and impermeability and its insulating qualities make it a
valuable substitute, on occasion, for fibre, metal, and glass, despite
its low melting point. Rubber constitutes one of the great capital
stocks of industry, and reclaimed rubber, according to Zimmerman,
formed from 35 to 51 per cent of the total rubber production in the
United States between 1925 and 1930. The use of corn and cane
stalks for composite building materials and for paper illustrates
another principle: the attempt to live on current energy income,
instead of on capital in the form of trees and mineral deposits.
Almost all these new applications date since 1850; most of them
came after 1875; while the great achievements in colloidal chemistry
have come only within our own generation. We owe these materials
and resources quite as much to fine instruments and laboratory
apparatus as we do to power-machinery. Plainly, Marx was in error
when he said that machines told more about the system of production that characterized an epoch than its utensils and utilities did:
for it would be impossible to describe the neotechnic phase without
taking into account various triumphs in chemistry and bacteriology
in which machines played but a minor part. Perhaps the most important single instrument that the later neotechnic period has created
is the three-element oscillator--or amplifier-developed by De Forest out of the Fleming valve: a piece of apparatus in which the only
moving parts are electric charges. The movement of limbs is more
obvious than the process of osmosis: but they are equally important
in human life; and so too the relatively static operations of chemistry are as important to our technology as the more obvious engines
of speed and movement. Today our industry owes a heavy debt to
chemistry: tomorrow it may incur an even heavier debt to physiol(,>gy
and biology: already, in fact, it begins to be apparent.
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6: power and Mobility

Only second in .importance to the discovery and utilization of
electricity was the Improvement
that took place in the ste am engme
"
".
and the internal combustlOn engme. At the end of the eighteenth
century Dr. Erasmus Darwin, who anticipated so many of the scientific and technical discoveries
of the nineteenth century ' pre d"Icted
..
that the internal combustIOn engme would be more useful than the
steam engine in solving the proLlem of flight. Petroleum, which was
known and used by the ancients, and which was exploited in America
as a quack Indian medicine, was tapped by drilling wells, for the
first time in the modern period, in 1859: after that it was rapidl
exploited. The value of the lighter distillates as fuels was
only by that of the heavier oils as lubricants.
From the eighteenth century onward the gas engine was the subject
of numerous experiments: even the use of powdered explosives, on
the analogy of cannon-fire, was tried; and the gas engine was finally
perfected by Otto in 1876. \Vith the improvement of the internal combustion engine a vast new source of power was. opened up, fully
equal to the old coal beds in importance, even if doomed to be
consumed at a possihly more rapid rate. But the main point about
fuel oil (used by the later Diesel engine) and gasoline was their
relative lightness and transportability. Not merely could they be
conveyed from well to market by permanent pipe-lines but, since
they were liquids, and since the vaporizations and combustion of
the fuel left little residue in comparison with coal, they could be
stowed away easily, in odds and ends of space where coal could not
be placed or reached: being fed by gravity or pressure the engine

equalle~

had no need for a stoker.
The effect of introducing liquid fuel and of mechanical stoker..
for coal, in electric power plants, and on steamships, was to emancipate a race of galley slaves, the ~tokers, those miserable driven men
whose cruel wOlk Eugene O'Neill properly took as the symbol of
proletarian oppression in his drama, The Hairy Ape. Meanwhile,
the efficiency of the steam engine was raised: the invention of Par
son's steam turbine in 1884 increased the efficiency of the steam
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engine from ten or twelve for the old reciprocating engine to a good
thirty per cent for the turbine, and the later use of mercury vapor
instead of steam in turbines raised this to 41.5 per cent. How rapid
was the advance in efficiency may be gauged from the average consumption of coal in power stations: it ~ropped from 3.? pounds per
kilowatt hour in 1913 to 1.34 pounds m 1928. These Improvements
made possible the electrification of railroads even where cheap
. '
water power could not be secured.
The steam engine and the intemal combustIOn engme raced neck
and neck: in 1892, by utilizing a more scientific mode of combustion, through the compression of air alone, Diesel invented an improved type of oil engine which has been built in units as large as
15000 brake-horsepower, as in the generating plant at Hamburg.
Th~ development of the smaller internal combustion engine during
the eighties and nineties was equally important for the perfection of
the automobile and the airplane.
Neotechnic transportation awaited this new form of power, in
which all the weight should be represented by the fuel itself, instead
of carrying, like the steam engine, the additional burden of water.
With the new automobile, power and movement were no longer
chained to the railroad line: a single vehicle could travel as fast
as a train of cars: again the smaller unit was as efficient as the
larger one. (I put aside the technical question as to whether, with
oil as fuel, the steam engine might not have competed effectively
with the internal combustion engine, and whether it may not, in an
improved and simplified form, re-enter the field.)
The social effects of the automobile and the airplane did not begin
to show themselves on any broad scale until around 19] 0: the flight
of Bleriot across the English channel in 1909 and the introduction
of the cheap, mass-produced motor car by Henry Ford were signifi.
cant turning points.
But what happened here, unfortunately, is what happened in
almost every department of industrial life. The new machines fol·
lowed, not their own pattern, but the pattern laid down by previous
economic and technical structures. While the new motor car was
caned a horseless carriage it had no other point of resemblance than
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th e fact that it ran on wheels: it was a high-powered locomot'lve,
equivalent to from five to a hundred horses in power, capable of safe
speeds up to sixty miles an hour, as soon as the cord tire was in.
vented, and having a daily cruising radius of two to three hundred
miles. This private locomotive was set to running on the old-fashioned
dirt roads or macadam highways that had been designed for the
horse and wagon; and though after 1910 these highways were wid.
ened amI concrete took the place of lighter materials for the Rurface,
the pattem of the transportation lines remained what it had been
in the past. All the mistakes that had been made in the railroad build·
ing period were made again with this new type of locomotive.
Main highways cut through the center of towns, despite the congestion, the friction, the noise, and the dangers that attended this old
paleotechnic practice. Treating the motor car solely as a mechanical
object, its introducers made no attempt to introduce appropriate
utilities which would realize its potential benefits.
Had anyone asked in cold blood-as Professor Morris Cohen
has suggested-whether this new form of tnmsportation would be
worth the yearly sacrifice of 30,000 lives in the United States alone,
to say nothing of the injured and the maimed, the answer would
doubtless have been No. But the motor car was pumped onto the
market at an accelerating rate, by business men and industrialists
who looked for improvements only in the mechanical realm, and who
had no flair for inventions on any other plane. Mr. Benton MacKaye
has demonstrated that fa t transportation, safe transportation and
pedestrian movement, and sound community building are parts of
a single process: the motor car demanded for long distance transportation the Townless Highway, with stations for entrance and exit
at regular interval and with overpasses and underpasses for major
cross traffic arteries: similarly, for local transportation, it demanded
the Highwayless Town, in which no neighborhood community would
be split apart by major arteries or invaded by the noise of
traffic.
Even Hom the standpoint of speed by itself, the solution ....
not rest solely with the automotive engineer. A car CAlli
fifty miles an hOllr on a well-planned road system is a fa. .

throuah
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one tIlat can do a hundred miles an hour, caught in the muddle and
congestion of an old·fashioned highway net, and so reduced to
twenty miles per hour. The rating of a car at the factory, in terms
of speed and horsepower, has very little to do with its actual ef.
ficiency: in short, the motor car is as inefficient without its appro.
p riate utilities as the electric power plant would be if the conducting
units were iron wire rather than copper. Developed by a society so
preoccupied with purely mechanical problems and purely mechanical
solutions-themselves determined largely by speed in achieving
financial rewards to the investing classes-the motor car has never
attained anything like its potential efficiency except here and there
in the remoter rural regions. Cheapness and quantity production,
combined with the extravagant re·building of old·fashioned highway
systems-with here and there honorable exceptions, as in New Jersey,
Michigan and Westchester County, New York-have only increased
the inefficiency of motor cars in use. The losses from congestion, both
in the crowded and hopelessly entangled metropolises, and along
the roads by means of which people attempt to escape the cities on
holidays, are incalculably large in countries which, like the United
States and England, have taken over the motor car most heedlessly
and complacently.
This weakness in the development of neotechnic transportation has
come out during the last generation in still another relationship: the
geographic distribution of the population. Both the motor car and
the airplane have a special advantage over the ordinary stea m loco·
motives: the second can fly over areas that are impassable to any
other mode of transportation, and the first can take easily grades
which are prohibitive to the ordinary steam locomotive. By means of
the motor car the upland areas, where electric power can be cheaply
produced, and where the railroad enters at a considerable disadvan·
tage can be thrown open to commerce, industry, and population.
These uplands are likewise often the most salubrious seat of living,
with their fine scenery, their bracing ionized air, their range of
recreation, from mountain.climbing and fi shing to swimming and
ice-skating. Here is, I must emphasize, the special hahitat of the
neotechnic civilization, as the low coastal areas were for the eotechnic
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7: The Paradox of Communication
Communication between human beings begins with the immediate
physiological expressions of personal contact, from the howlings and
cooings and head·turnings of the infant to the more abstract gestures
and signs and sounds out of which language, in its fulness, develops.
With hieroglyphics, painting, drawing, the written alphabet, there
grew up during the historic period a series of abstract forms of
expression which deepened and made more reflective and pregnant
the intercourse of men. The lapse of time between expression and
reception had something of the effect that the arrest of action produced in making thought itself possible.
With the invention of the telegraph a series of inventions began
to bridge the gap in time between communication and response despite tile handicap of space: first the telegraph, then the telephone,
then the wireless telegraph, then the wireless telephone, and finally
television. As a result, communication is now on tlIe point of returning, with the aid of mechanical devices, to that instantaneous reaction
of person to person with which it began; but the possibilities of this
immediate meet ing, instead of being limited by space and time, will
be limited onl y by the amount of energy available and the mechanical
perfection and accessibility of the apparatus. When the radio telephone is supplemented b y television communication will differ from
direct intercourse only to the extent that immediate physical con-
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tact will be impossible: the hand of sympathy will not actually grasp
the recipient's hand, nor the raised fist fall upon the provoking head.
What will be the outcome? Obviously, a widened range of inter.
course: more numerous contacts: more numerous demands on atten·
tion and time. But unfortunately, the possibility of this type of
immediate intercourse on a worldwide basis does not necessarily
mean a less trivial or a less parochial personality. For over against
the convenience of instantaneous communication is the fact that the
great economical abstractions of writing, reading, and drawing, the
media of reflective thought and deliberate action, will be weakened.
Men often tend to be more socialized at a distance, than they are in
their immediate, limited, and local selves: their intercourse some·
times proceeds best, like barter among savage peoples, when neither
group is visible to the other. That the breadth and too-frequent repetition of personal intercourse may be socially inefficient is already
plain through the abuse of the telephone: a dozen five minute conversations can frequently be reduced in essentials to a dozen notes
whose reading, writing, and answering takes less time and effort
and nervous energy than the more personal calls. With the telephone
the flow of interest and attention, instead of being self-directed, is at
the mercy of any strange person who seeks to divert it to his own
purposes.
One is faced here with a magnified form of a danger common to
all inventions: a tendency to use them whether or not the occasion
demands. Thus our forefathers used iron sheets for the fronts of
buildings, despite the fact that iron is a notorious conductor of heat:
thus people gave up learning the violin, the guitar, and the piano
when the phonograph was introduced, despite the fact that the passive
listening to records is not in the slightest degree the equivalent of
active performance; thus the introduction ' of anesthetics increased
fatalities from superfluous operations. The lifting of restrictions upon
close human intercourse has been, in its first stages, as dangerous as
the flow of populations into new lands: it has increased the areas
of friction. Similarly, it has mobilized and hastened mass-reactions,
like those which occur on the eve of a war, and it has increased the
dangers of international conflict. To ignore these facts would be to
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enlarge hIS capaCItIes. But there IS a proviso attached to th'15 promIse:
namely, that the. culture of the personality shall parallel in refinement the mechamcal development of the machine . Perhaps th e greatest social effect of radio-communication, so far, has been a political
one: the restoration of direct contact between the leader and the
group. Plato defined the limits of the size of a city as the number
of people who could hear the voice of a single orator: today those
limits do not define a city but a civilization. Wherever neotechnic
instruments exist and a common lallguage is used there are now the
elements of almost as close a political unity as that which once was
possible in the tiniest cities of Attica. The possibilities for good and
evil here are immense: the secQndary personal contact with voice and
image may increase the amount of mass regimentation, all the more
because the opportunity for individual members reacting directl)
upon the leader himself, as in a local meeting, becomes farther and
farther removed. At the present moment, as with so many other neotechnic benefits, the dangers of the radio and the talking picture seem
greater than the benefits. As with all instrument5 of multipliCalion the
critical question is as to the function and quality of the object one is
multiplying. There is no satisfactory answer to this on the basis of
technics alone: certainly nothing to indicate, as the earlier exponents
of instantaneous communication seem pretty uniformly to have
thought, that the results will automatically be favorable to the com·
munity.
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8: The New Permanent Record
Man's culture depends for its transmission in time upon the per.
ment record: the building, the monument, the inscribed word. During
the early neotechnic phase, vast changes were made h~re, as important as those brought about five hundred. years earh.er. through
the invention of wood.engraving, copper.etchmg, and pnntmg. The
black-and-white image, the color-image, the sound, and the moving
image were translated into permanent records, which could be
manifolded, by mechanical and chemical means. In the invention
of the camera, the phonograph, and the moving picture the int~rplay
of science and mechanical dexterity, which has already been stressed,
was again manifested.
While all these new forms of permanent record were first em·
ployed chiefly for amusement, and while the interest behind them
was esthetic rather than narrowly utilitarian, they had important uses
in science, and they even reacted upon our conceptual world as
well. The photograph, to begin with, served as an independent objec·
tive check upon observation. The value of a scientific experiment
lies partly in the fact that it is repeatable and thus verifiable by independent observers: but in the case of astronomical observations, for
pxample, the slowness and fallibility of the eye can be supplemented
by the camera, and the photograph gives the effect of repetition to
what was, perhaps, a unique event, never to be observed again. In
the same fashion, the camera gives an almost instantaneous cross·
section of history-arresting images in their flight through time. In
the case of architecture this mechanical copying on paper led to
unfortunately similar artifices in actual buildings, and instead of
enriching the mind left a trail of arrested images in the form of
buildings all over the landscape. For history is non-repeatable, and
the only thing that can be rescued from history is the note that one
takes and preserves at some moment of its evolution. To divorce an
object from its integral time-sequence is to rob it of its complete
meaning, although it makes it possible to grasp spatial relations
which may otherwise defy observation. Indeed, the very value ot
the camera as a reproducing device is to present a memorandum,
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an extensIon of the collectIVe memory. The movmg picture , carrymg
time, widened the scope of th e camera
succession of images through
.
a
and essentially altered Its function; for it could telescope the slow
movement of ~rowth, or prolong the f~st movement of jumping, and
it could keep m steady focus events whIch could not otherwise be held
in consciousness with the same intensity and fixity. Heretofore records had been confined to snatches of time, or, when they sought to
move with time itself, they were reduced to abstractions. Now they
could become continuous images of the events they represented. So
th6 flow of time ceased to be representable by the successive mechanical ticks of the clock: its equivalent-and Bergson was quick to seize
this image-was the motion picture reel.
One may perhaps over-rate the changes in human behavior that
followed the inven~ion of these new devices; but one or two suggest
themselves. Whereas in the eotechnic phase one conversed with the
mirror and produced the biographical portrait and the introspective
biography, in the neotechnic phase one poses for the camera, or
still more, one acts for the motion picture. The change is from an
introspective to a behaviorist p 'ychology, from the fulsome sorrows
of Werther to the impassive public mask of an Ernest Hemingway.
Facing hunger and death in the mid t of a wilderness, a stranded
aviator writes in his note::.: "I built another raft, and this time took
off my clothes to try it. I must have looked good, carrying the big
logs on my back in my underwear." Alone, he still thinks of himself
as a public character, being watched: and to a greater or less degree
everyone, from the crone in n remote hamlet to the political dictator
on his carefully prepared stage is in the same position. This constant
sense of a public world would seem in part, at least, to be the result
of the camera and the camera.eye that developed with it. If the eye
be absent in reality, one improvises it wryly with a fragment of
one's consciousness. The change is significant: not self·examinatiOD

244

TECHNICS AND CIVILIZATION

hut self-exposure: not tortured confession hut easy open candor· n
.'
. 1 I
. ot
the proud soul wrapped ill hIS cloak, paclllg t Ie onely heach at nlld.
.
night, hut the matter.of-fact soul, na k'e d,expose d to the sun on the
heach at noonday, one of a crowd of naked peopl:. SUC~l reactions are,
of course, outside the realm of proof; and even If the mfiuence of tl
le
. l' 1
camera were directly demonstrable, there IS Itt e reason to think
that it is final. Need I stress again that nothing produced by technics
is more final than the human needs and interests themselves that have
created technics?
Whatever the psychal reactions to the camera and the movin
picture and the phonograph may he, there is no doubt, I think, a:
to their contribution to the economic management of the social heri.
tage. Before they appeared, sound could only he imperfectly repre·
sented in the conventions of writing: it is interesting to note that one
of the best systems, Bell's Visible Speech, was invented by the father
of the man who created the telephone. Other than written and printed
documents and paintings on paper, parchment, and canvas, nothing
survived of a civilization except its rubbish heaps and its monu·
ments, buildings, sculptures, works of engineering-all bulky, all
interfering more or less with the free development of a different life
in the same place.
By means of the new devices this vast mass of physical impedi.
menta could be turned into paper leaves, metallic or rubber discs,
or celluloid films which could be far more completely and far more
economically preserved. It is no longer necessary to keep vast mid·
dens of material in order to have contact, in the mind, with the forms
and expressions of the past. These mechanical devices are thus an
excellent ally to that other new piece of social apparatus which
became common in the nineteenth century: the public museum.
They gave modem civilization a direct sense of the past and a more
accurate perception of its memorials than any other civilization had,
in all probability, had. Not alone did they make the past more
immediate: they made the present more historic by narrowing the
lapse of time between the actmd events themselves and their con·
crete record. For the first time one might come face to face with
the speaking likenesses of dead people and recall in their immediacy
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forgotten scenes and actIOns. Faust bartered his soul with Mephistopheles to see Helen of Troy: o~ much easier terms it will be
. h
pOl;'sible for our descendants to vIew the Helens of the twentlet
century. Thus a new form of immortality was effected; and a late
Victorian writer, Samuel Butler, might well speculate upon how completely a man was dea~ when his words, his image, and his voice
were still capable of Lelllg resurrected and could have a direct effect
upon the spectator and listen~r_
At first these new recordmg a.nd reproducing devices have confused the mind and defied selective use: no one can pretend that we
have yet employed them, in any sufficient degree, with wisdom or
even with ordered efficiency. But they suggest a new relationship
between deed and record, between the movement of life and its collective enregistration: above all, they demand a nicer sensitiveness
and a higher intelligence. If these inventions have so far made
monkeys of us, it is because we are still monkeys.
9: Light and Life
Light shines on every part of the neotechnic world: it filters
through solid objects, it penetrate fog, it glances back from the
polished surfaces of mirrors and electrodes. And with light, color
comes back and the shape of things, once hidden in fog and smoke,
becomes sharp as crystal. The glass technics, which had reached its
first summit of mechanical perfection in the Venetian mirror, now
repeats its triumphs in a hundred different departments: quartz alone
is its rival.
In the neotechnic phase the telescope and above all the microscope
assume a new importance, for the latter had been left in practical
disuse for two centuries, but for the extraordinary work of a
Leeuwenhoek and a Spallanzani. To these instruments must be added
the spectroscope and the x-ray tube which also utilized light U all
instrument of exploration. Clerk-l\1axwell's unification of electricity
and light is perhaps the oUbtanding symbol of this new phase. The
fine discrimination of color exhibited by Monet and his fellow •
pressionists, working in the open air and the sunlight was
in the laboratory: Spt>ctrum analysis and the production of •

1 E H.'I

tude of nilin d

an

d ri

o

I \' Il.l Z \ 1 l<.

III cO

I

Idr (Oil '1'\

n

II'

p ifi.

hill! 1 to r }e l t I 10 an
h r ell r i t i ' l III t\ J' , I,t ('()flIt>
unimpOltant p]
n. I i , \ ilh Ilt di IVCl''"l tl.I<lt
an impOlt lilt fa t
P "tl nm. 1 hIll'\\" d)'(' , JllOre·
ea h I III 11t 11
\' 1', find tlH'ir II
in th • b ~l ri •
10 i t' lal'Ol'atf r' for t ' •
•
U IlIlllg
pecim n: III f th m hk g ntl n 'Iolel, ha\'
1)1 C'"'u dll).
. I'
epli·. llIld till olb r I III di m nt in th tr .11m'lll of .'t'·\
.
" I .1111
dj ('
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di <tppt r: h • t light, I ctricil: lltl finall ' matter wen' all muni.
fe ... lati /1'" of nelgy and
II> lur II d th
alHiI "diS of matter
imth r tlle old ~ lid L arne mor and mIt nuou., until finall
they '\er id ntifi d "ith el tri
large-: the ultimate
• tOil • of m ~ rn ph· ~c
a til atom wa of tll older physical
tlleone:,. 1 he Imp rc ptlhl , the ultra·violet and the infra-red series
of w
be am ommonpl ce elemeJlt~ in the new ph)' ieal world
at til moment that th dark for ~ of the uncon 'ciOU:5 were added
to the purely ext mal and rationalized p ychology of the human
world. EU'Il the un en wa , ~o to ay, illuminated: it was no longer
unknown. On might mt:a ur and u e what one could not see and
handle. And "hile th pal otecllllic world had u ed physical blows
and flame to tran form matter, the neotechnic wa" con eious of other
f~rce . eq~~l1y potent under other circum tan e : electricity, sound,
light, mn IbJe ray and emanation .1he my ti~' belief in a human
aura became a well ub tallliated by ,"a't ciCIl ea· the a lchemi ·t's
dream of tran mutation wa through til Curie' isolation of radium.
The cult of the un, 0 dear to Kepler ( t the beginning of these
revolutionary scientific developm nt, III rw·d again: the exposure
of the naked body to the un helped, it was found, t J prevcnt ricket
and to cure tuberculo i , while dire t ulIhght anitated water and
reduced the number of pathogenic bacteria in the 'nvironment generally. ',,"ith thi new knowleJge, founded upon that renewed study
of ~e. organism which Pa teur's di. coverie' promoted, the essentially
anti-vital nature of the paleotechnic environment hecame plain: the
darknel8 and dampness of its typical mines and factories and slum
neottdlfli
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home. weI' ide 1 olldition for hr eding bacteria, while it devitaljzed di 'l r ult·J in a poor hony tructure, defective teeth and weak.
('JleJ 1'1 istan • to Ji at",. Th full effects of these conditions were
amply do UlIlellt II in th e amination for recruits in the British
unny tUW3H) the nd of tl! century: re ult which came out with
pc('iul cI arne s hl~('au of tli pr dominant urbanization of England. But tilt, Ma acllu elt mortality taLle told the arne story: the
fann('f' length of jife wa far gr at r than the indu trial worker's.
Thanks to neotedmic inv ntion and di coverie the machine became,
for perhaps the fir t tim, a direct ally of life: and in the light of
this new knowledge it previou mi demeanors became more gro·
tesque and incredible.
Mathematical accuracy, phy ical economy, chemical purity, surgical cleanlines~-the~ re .. orne of the attributes of the new regime •
And mark thi::,: they do not belong to anyone department of life.
Mathematical accuracy is nece_ ary in the temperature chart or the
blood count, while cleallline becomes part of the daily ritual of
neotechnic society with a trictne ~ quite as great as that enforced
by the tabus of the ea lier religion~ like the lewi h or the Mohammedan. The polished copp r of the electric radiator is reflected in
the immaculacy of the operating room: the wide glass windows of
the sanitorium are repeated in the factory the school, the home.
During the la t de ade, in til finer communities that have been built
with State aid in Europe the hou_e themselves are positively helio-

tropic: they are ori nted to the sun.
This ne.w technic doe- not stop hort with mechanical inventions:
it begins to all to it~ aid the biological and psychologicalecieneell,
and the stud ie, of working efficiency and fatigue, for example,
lish the fact that to curtail the hours of work may be to increa..
volume of production per unit. The prevention of diseaee, the
stitution of hygiene for belated repair, becomes a chara •
neotechnic medicin : a return to ature, a new ~
organism as a harmonious. self-equilibrating unit. Under
ship of Osler and his school, the physician relies upon
curative agents: water, diet, sun, air, recreation,
of scene: in short, upon a balanced and

el".
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ment and upon functional readjustment, rather than upon more
foreicrn
chemical and mechanica l ai ds without such conditions. Here
tl
again the intuition of Hahnemann as to the role of minute quantities
and the natural therapeutics of his school, anticipated by over a cen.
tury the new regimen- as Osler himself handsomely acknowledged.
The psychological treatment of functional disorders, which made its
way into medicine with Freud a generation ago almo t completes
this new orientation : the social element is alone still largely lacking.
As a result of all these advances, one of the major problems for the
new technics becomes the remoyal of the blighted paleotechnic envi.
ronment, and the re·education of its victims to a more vital regimen
of working and living. The dirty crowded houses, the dank airless
courts and alleys, the bleak pavements. the sulphurous atmosphere,
the over-routinized and dehumanized factorYf the drill schools, the
second-hand experiences, the starvation of the senses, the remotenes~
from nature and animal activity-here are the enemies. The living
organism demands a life-sustaining environment. So far from seeking
to replace this by mechanical substitutes, the neotechnic phase seeks
to establish such life-sustaining conditions within the innermost purlieus of technics itself.
The paleotechnic phase was ushered in by a slaughter of the
innocents: first in the cradle, and then, if they survived it, in the
textile factories and the mines. Child labor remained in the cotton
mills in the United States, for example, right down to 1933. As a
result of greater care during pregnancy and childbirth, together with
a better regimen in infancy, the mortality of children under five years
has been enormously decreased-all the more because certa in typical
children's diseases are, through modern immunology, under better
control. This increasing care of life has spread slo wly to the occupations of maturity: mark the introduction of sa fety devices in
dangerous industrial operations, such as ma sks in grinding and
spraying, asbestos and mica clothing where the dangers of fire and
heat are great, the effort to abolish lead glazes in pottery, to eliminate
phosphorous poisoning in the preparation of matches and radium
poisoning in the preparation of watch-dials. These negative measures
toward health are, of course, but a beginning: the positive fostering
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£ the life-conserving occupations and the discouragement of those

~orms of

industry w~ich ~ecreas.e the ~xpectation .of life without any
compe ns atory intenslficatlOn of It durmg
.
. productIon-all this awaits
re more deeply concerned wIth hfe than even the neotechnic
a cu ltu
.
.
one, 1' 11 which the calculus of energIes stIll takes precedence over
the calcul us of life.
In surgery likewise neotechnic methods supplement the cruder
mechanics of the mid-nineteenth century. There is a large gap between the antiseptic methods of Lister, with his reliance upon that
t ical coal-tar antiseptic, carbollc acid, and the aseptic technique
~pmodern surgery, first introduced before Lister in operations upon
the eye. The use of the x-ray and the tiny electric bulb for exploration, for example, combined with systematic checks provided by
the bacteriological laboratory, have increased the possibility of intelligent diagnosis by other means than that offered by the knife.
With prevention rather than cure, and health rather than disease,
as the focal points of the new medicine, the psychological side of the
mind-body process becomes increasingly the object of scientific investigation. The Descartian notion of a mechanical body presided
over by an independent entity called the soul is replaced, as the
"matter" of theoretical physics becomes more attenuated, by the
notion of the transformation within the organism of mind-states into
body-states, and vice-versa. The dualism of the dead mechanical
body, belonging to the world of matter, and the vital transcendental
soul, belonging to the spiritual realm, dil'appears before the increasing insight, derived from physiology on one hand and the investigation of neuroses on the other, of a dynamic interpenetration and
conversion within the boundaries of organic structures and functions.
Now the physical and the psychal become different aspects of the
organic process, in much the same way that heat and light are both
aspects of energy, differentiated only by the situation to which they
refer and by the partjcu l ar set of receptors upon which they act. This
development lays the specialization and isolation of functions, upon
which so many mechan ical operations are based, open to suspicion.
The integral life of the organism is not compatible with extreme
isolation of function s : even mechanical efficiency is seriously affected
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by sexual anxiety and lack of animal health. Th~ fact that sill! 1
.. operatIOns
.
1
pc
repetItIve
agree WIt'}1 t Ile p~ye11'
10 ogll'u ('011 titution of the
feeble·minded constitutes a warning as to the limits of ~ub·JiviJed
labor. Mass production under conditions which confirm tht'se limits
may exact too high a human price for its dlt'ap products. What is not
mechanical enoLlgh for a machine to perform may 1I0t bt' human
f'nough for a living man. EHiciency mlLt hegin with the utilization
of the whole man: and efforts to increase met'hanical performance
must cease when the balance of the whole man i::. threatened.

grew-and ind('ppndcntly Marcy-drew the conclusion that human
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10: The Influence of Biology
In the earlier chapters, we observed that the first step toward mech·
anism consisted in a counter·movement to life: the substitution of
mechanically measured time for duration. of mechanical prime
movers for the human body, of drill and regimentation for spon·
taneous impulses and more cooperatiYe modes of association. During
the neotechnic phase thi animus was profoundly modified. The inves·
tigation of the world of life opened up new possibilities for the
machine itself: vital interests, ancient human wishes, influenced the
development of new inventions. Flight, telephonic communication, the
phonograph, the motion picture all arose out of the more scientific
study of living organisms. The studies of the physiologist supple.
mented those of the physicist.
The belief in mechanical flight grew directly out of the researches
of the physiological laboratory. After Leonardo the only scientific
study of flight, up to the work of J. D. Pettigrew and E. J. Marey in
the eighteen·sixties, was tllat of the physiologi t, Borelli, whose De
Motu Animalium was published in 1680. Pettigrew, an Edinburgh
pathologist, made a detailed study of locomotion in animals, in which
he demonstrated that walking, swimming, and flying arc in reality
only modifications of each other: "the wing," he found, "both when
at rest and when in motion, may not inaptly be compared to the
blade of an ordinary screw propeller as employed in navigation"
••• while "weight • . . instead of being a barrier to artificial
flight, is absolutely necessary to it." From these investigations Petti-
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flight was po sible.
In tllis lkve1o[Jmcllt, flying modeL, utilizing the new material
rubLer as motive power, played an important part: Penaud in Paris,
Kre~s in Vienlla, ullIllatror Langley ill the Ullited States utilized them:
but the finultouch, n~eessary for table flight, came when two bicycle
mecha nil's, 0 rville and Wilbur Wright, studied the flight of soaring
birds, like the gull and the hawk, and discovered the function of
warping the tips of the wings to achieve lateral stability. Further
improvements in the de ign of airplane~ have been associated, not
merely with the mechanical perfection of the wings and the motors,
but with the study of the flight of other types of bird, like the duck,
and the movement of fish in water.
Similarly, the moving picture wa in essence a combination of
elements derived from the 5tudy of living organisms. The first was the
discovery of the basis for the illusion of movement, made by the
physiologist Plateau in his invcstigat.ion of the after.i~age. Out
of this work the succession of paper plctures, passed rapldly before
the eye, became a popular child's toy, the phenakistoscope and the
zoetrope. The next step was the work of the Frenchman, Marey,
in photographing the movements of four· footed animal~ and of man:
a research which was begun in 1870 and finally projected upon. a
screen in 1889. l\Ieanwhile Edward Muybridge, to decide a bet WIth
Leland Stanford, a horse·lover, undertook to photograph the successive motions of a horse-and later followed this with pictur~s of
an ox, a wild hull, a greyhound, a deer, and birds. In 1887 It oc·
curred to Edison who was aware of these experiments, to do for the
th'
.
fthe
eye what he had already done for the ear, and e lftventlon 0
motion picture machine followed, an advance which was ~ ~
dependent upon the invention of the celluloid film in the eIghties.
Bell's telephone owes a similar debt to physiology and. to b : :
play. Von Kempe1en had invented a talking automato~ ~Ich ~ ....
.
... 8 A "1
h' ne Eupboma m18Dti8 ..,
a few words 111 1 {7.
SInU ar mac I ,
'Bell
Professor Faber, was exhibited in London; and the :lder
suaded Alexander and his brother to make a ,pea 1DI
themselves. Imitating the tongue and the soft parts of the
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rubber, they made a creditable attempt at a talking rna h'
A
d'
df th
. .
c me. lex.
an er s gran a er had devoted hIS hfe to correcting speech d £ecta
his father, A. M. Bell, invented a system of visible speech ed :
.
d' h
an Was
mtereste m . t e culture, of the voice'. he himself
was
.
~
a sCientific
student of vOice productIon
and made great strides in teach'109 deaf.
,
mutes to talk. Out of thIs physiological knowledge and these h
.
'd d b
umane
mterests-al e, y Hel~holtz's work in physics-grew the tele.
phone: the receIver of, whICh, upon the advice of a Boston surgeon,
Dr. C. J. Blake, was directly modeled upon the bones and diaphragm
of the human ear.
This interest in living organisms does not stop short with the
specific machines that simulate eye or ear. From the organic world
came an idea utterly foreign to the paleotechnic mind: the import.
ance of shape.
One can grind a diamond or a piece of quartz to powder: thdUgh
it has lost its specific crystalline shape, the particles will retain all
their chemical properties and most of their physical ones: they will
still at least be carbon or silicon dioxide, But the organism that
is crushed out of shape is no longer an organism: not merely are itt
specific properties of growth, renewal, reproduction absent, but the
very chemical constitution of its parts undergoes a change. Not even
the loosest form of organism, the classic amoeba, can be called a
alaapeleaa masi. The technical importance of shape was unappreciated
1lO1lt the paleotechnic phase: but for the great mechanical
like Maudslay, interest in the esthetic refinement of the
wu non'existent, or, when it came in, it entered al . .
at in the addition of Doric or Gothic ornament, betw
Except for improvements in specifically eotec1mie
the clipper sailing ship, shape was looked upon
t44ilt back &1 1874, for example, the
!aU. but tht; writer in Knight's DictioDaI')'
it cited the improvemeDt
• "11e ..id with cool

_en.
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Only with the development of specifically neoteclmic IMtll
such as the airplane, with the scientific studies of
.
followed close on their heels, did shape begin to playa d .
in technics. Machines, which had assumed their own cIuILm_itI
shapes in developing independent of organic forms, were now
to recognize the superior economy of nature: on actual teItI,
blunt heads of many species of fish and the long tapering tail, 'DfttWI
against na'ive intuition, to be the most economic shape of me"
through air or water; while, in gliding motion over land, the
of the turtle, developed for walking over a muddy bottom,
suggestive to the designer. The utilization of aerodynamic nII1l'111
in the design of the body of the airplane to say noth. . G
wings-increases the lifting power without the addition of a
horsepower: the same principle applied to locomoti:
aacl
cars, eliminating all points of air resistance, lowen the
power needed and increases the speed. Indeed, with
drawn from living forms via the airplane the rail!·fOIl
compete once more on even tenns with its luccealOl
In short, the integral esthetic organization of the
with the neotechnic economy, the final step in . While the esthetics of the machine is more
factors than the esthetics of a painting.
ground at which they both neverthehll
reElponses and our standards of
largely in both cases from our rueD:.
correct adaptations of form ha
for form, color, fitne", which
hitherto had shared with the
shop and the laboratory: ODe
criteria one applied to a
appreciation of the . . .
forma altered the
meelwU:'01 aad aN

fOI.

Oft"'' :

.J -

~.)

I

TECHNICS AND CIVIL17ATION

J ;"urct' itself from the ~uperstructure of the beautiful. I shall return
to this fact again when I discuss the assimilation of the maehi

ne.
Olle more phenomenon must be noted, which binus together the
machine and the world of life in the Ileotechnic phase: namely, the
le..;;pect for millute quantities, unnoticed or invisible before, some.
times below the threshold of consciousness: the part played by the
prl'cious alloys in metallurgy, by tiny quantitif'S of energy in rauio
reception. by the hormones in the body, b} the vitamines in the diet,
11y ultra·violet rays in growth, by the hacteria and filtrable viruses
in uisease. Not merely i':5 importance in the neotechnil' phase no
longer symbolized b} Lulk, but the aUent iOll to small quantities leads
by habituation to higher standards of refinement in every depart.
ment of activity. Langley's bolometer can distinguish one one.mil.
lionth of a degree centigrade, again!'.t the one one·thousanuth possible
on a mercury thermometer: the Tuckerman strain gauge can read
millionths of an inch-the defledion of a hrick when bent by the
hand-wllile Bose's high magnification crescograph records the rate
of gro\\-1h as ~low as one olle-hundred·thouandth of an inch per
~{,colld. SubtJety. finesse, del iC':lC'Y, re~pect for organic complexi ty
alld intdcacy now characterize the entire range of scientific thought:
this has grown in part out of refinements jn technical methods, and
in tum it has furthered them. TIle change is recorded in every
part of man's experience: from the irH'reased weight placed hy
p..;;ychology upon hitherto unnoti('t'd trauma" to the replureme nt of
the pure calory diet, Lased upon the energy content aJone, hy the
balanced diet which includes even tlu.: illfinjtl'~ ill1al amount:; of iodille
and copper that are needed for heaJt1l. III a \\"OnI, t1le 'Iuantitative and
the mechanil:al have at la~t become life':'f'llsitive.
\,'e are still, I must cmpha:,ize, prooably only at the heginJling
of this reverse process, whereby tedll1i('~, instead of hf'llefiting hy
it~ ah"traction from life, will l)cnefit f!ycn more gre,Hly hy its inte'
gration with it. Already important clen~lopnwllts al'f~ on the horizon.
Two ill"tallce-; must suffire. In ]919 Han'I'Y stlldied the productioll of
heat during the lllminescence of Ill!' appropriate suhsta nce df'l"ived
from tIle cru"tuC'ean, Cyrpoidina 1Iilg('ndorfi. He found that the rise
of temperature during the lumine<;cf'nt rC"iH'tion i .. less thaJl 0.001
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degree centigrade, and pr?babl~ less th~n O.?005 degrees. The chem.
ical constituent::, from whIch tIus cold lIght IS made are now known:
luciferin and luciferase; and the possibility of synthesizing them
and manufacturing them, now theoretically within our grasp, would
increase the efficiency of lighting far above anything now po:,sible
in the utilization of electricity. The organic production of electricity
in certain fishes may ljkewise furni 'h a clue to the invention of
economic high.powered electric cells-in which case the electric
motor, which neither devitalizes nor defiles nor overheats the air
would have a new part to play, probably, in all form of locomotion.
Developments like these, which are plainly imminent, point to im.
provements in technics which will make our present crude utilization
of horsepower seem even more wasteful than the practices of paleo·
technic engineering do to the designer of a modern power station.

11: From Destruction to Conservation
The paleotechnic period, we have noted, was marked by the reck·
less waste of resources. Hot in the pursuit of immediate profits, the
new exploiters gave no heed to the environment around them, nor to
the further consequence of their actions on the morrow. "What had
posterity done for them?" In their haste, they over·reached themselves: they threw money into tile rivers. let it escape in smoke in
the air, handicapped themselves with their own litter and filth, pre·
maturely exhausted the agricultural lands upon which they depended
for food and fabrics.
Against all these wastes the neotechnic phase, with ils richer
chemical and biological knowledge, sets its face. It tends to replace
the reckless mining habit~ of the earlier period with a thrifty and
conservative use of the natural environment. Concretely, the conservation and utilization of scrap.metals and scrap·rubber and s1~g
mean a tidying up of the landscape: the end of the paleotechmc
middens. Electricity itself a ids in this transformatio~ .. The smoke
pall of paleotechnic industry begins to lift: with electriCity th~ clear
sky and the clean waters of the eotechnic phase come back.spm: ~
water that runs through the immaculate disks of the turbllle, un
the water filled with the washings of the coal seams or the -_'-.,;';
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the old chemical factories, is just as pure when it emerges. Hydro.
electricity, moreover, gives rise to geotechnics: forest cover protec.
tion, stream control, the building of reservoirs and power dams.
As early as 1866 George Perkins Marsh, in his classic book on
Man and Nature, pointed out the grave dangers of forest destruc.
tion and the soil erosion that followed it: here was waste in its pri.
mary form-the waste of the precious skin of arable, humus·filled
soil with which the more favored regions of the world are covered,
a skin that is unreplaceable without centuries of waiting except by
transporting new tissue from some other favored region. The skinning
of the wheat lands and the cotton lands in order to provide cheap
bread and textiles to the manufacturing classes was literally cutting
the ground from under their feet. So strongly entrenched were these
methods that even in America, no effective steps were taken to com·
bat this wastage until a generation after Marsh's books; indeed, with
the invention of the wood.pulp process for making paper, the spoliation of the forest went on more rapidly. Timber·mining and soil·
mining proceeded hand in hand.
But during the nineteenth century a series of disastrous experiences
began to call attention to the fact that nature could not be ruthlessly
invaded and the wild life indiscriminately exterminated by man
without bringing upon his head worse evils than he was eliminating.
The ecological investigations of Darwin and the later biologists estab·
lished the concept of the web of life, of that complex interpla y of
geological formation, climate, soil, plants, animals, protozoa, and
bacteria which maintains a harmonious adjustment of species to
habitat. To cut down a forest, or to introduce a new species of tree
or insect, might be to set in motion a whole chain of remote conse·
quences. In order to maintain the ecological balance of a region, one
could no longer exploit and exterminate as recklessly as had been
the wont of the pioneer colonist. The region, in short, had some of
the characteristics of an individual organism: like the organism, it
had various methods of meeting maladjustment and maintaining its
balance: but to turn it into a specialized machine for producing a
single kind of goods--wheat, trees, coal-and to forget its many·
sided potentialities as a habitat for organic life was finally to unsettle

and make precarious the single economic function that seemed so
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important.
. .
.
With respect to the SOlI Itself, the neotechmc phase produced im·
portant conservative changes. One of them was the utilization once
more of human excrement for fertilizers, in contrast with the reckless
method of befouling stream and tidal water and dissipating the
reeious nitrogenous compounds. The sewage utilization plants of
~eotechnic practice, most extensively and systematically introduced
erhaps in Germany, not merely avoid the misuse of the environ·
~cnt, but actually enrich it and help bring it to a higher state of
cultivation. The presence of such plants is one of the distinguishing
characteristics of a neotechnic environment. The second important
advance was in the fixation of nitrogen. At the end of the nineteenth
century the existence of agriculture seemed threatened by the ap·
proaching exhaustion o~ the. Chile nitrate. beds. Shortly after this
various processes for fixmg mtrogen were dIscovered: the arc process
(1903 ) required cheap electric power: but the synthetic ammonia
process, introduced by Haber in 1910, gave a new use t~ the c~ke
oven. But equally typical of the new technology was the dlscovenng
of the nitrogen.forming bacteria at the root-nodules of certain plants
like pea and clover and soy bean: some of these plants had been use~
by the Romans and Chinese for soil regeneratio~: but now. thelf
specific function in restoring nitrogen was defimtely establIshed.
With this discovery one of the paleotechnic nightmares-that of
imminent soil.exhaustion--disappeared. These alternative processes
typify another neotechnic fact: namely, that the technical sol~tion it
offers for its problems is not confined necessarily to a phYSical or
mechanical means: electro·physics offers one solution, chemistry another, bacteriology and plant physiology still a third.
. ' to
Plainly, the fixation of nitrogen was a far greater contr~UtlOD
the efficiency of agriculture than any of the excellent .devlces .that
· h
. g SOWlDg, culuvat·
speeded up the processes of p Ioughmg, arrowm,
of
ing, or harvesting. Knowledge of this sort-like th~ ~owledce
. b d'
. characterlatlc of . . DlI
the desirable shapes for movmg 0 leS--lS
technic phase. While on one side neotechnic advances
automatic machine and extend its operations, OD the
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pe 1h3PS, in Holland anll, Belg~um~ and in dairy farming as carried
on ill Denmark anil WI<;COlL1ll. Parallel then with the spread of
tllodern industry throughout the world there is a similar equalization
in agriculture. Aided hy the cheap production of glass and metal
frame", to say nothing M ynthetie ::-uh<.titutes for glass which will
permit the ullra-vi?let rays. to pass through, there ,j';; the prospect of
turning part of agnculture mto an all-year occupatIOn, thus dimini,;hing the amount of tramportalion neces.ary for fre'h fruits and vege·
tables, and even cultivatillg, ullder po~:::iLly more humane conditions,
the tropical fruits and vegetables. In this new phase, the amount of
soil available is not nearly of such critical importance as its quality

away with the complications of machinery in provinces where tIle
are not needed. A field of soy beans may. for certain purposes, tak~
the place of a transcontinental railroad. a dock in San Francisco, a
port, a railroad. and a mine in Chile. to say nolhing of all the lab
or
illyolved in bringing these machines and pieces of apparatus to"eth
o
er.
This generalization holds true for other realms than agriculture . 0 ne
of the first great improvements introduced by Frederick Taylor under
the head of scientific management involved only a change in the
motion and routine of unskilled laborers carrying ingots. Similarly,
a better routine of living and a more adequately planned environment eliminates the need for sun.lamps, mechanical exercisers, con.
stipation remedies, while a knowledge of diet has done away except
as a desperate la~t re<;ort with once fashionable and highly dan·
gerous-operations upon the stomach.
\\11ereas the growth and multiplication of machines was a definite
characteristic of the paleotedmic period, one may already say pretty
tOllfidently that the refinement, the diminution, and the partial elimi·
nation of the machine i~ a characteristic of the emerging neotechnic
economy. The ::-hrinkage of the machine to the provinces where its
services are unique,and indispensable is a necessary consequence of
our better understanding of the machine it5elf and the world in which
it functions.
The conservation of the environment has still another neotechnic
a~peet: that is the building up in agriculture of an appropriate arti·
ficial environment. Up to the seventeenth century man's most impor.
tant artifact was probably the city ibelf: but during this century the
same tadics he had used for his own dome~tication were applied to
agriculture in the builcling of glass hothouses, alld during the nine·
teenth century, with the increase of glass production and the expand.
ing empirical knowledge of the soils. gla~s rulture hera me important
in the supply of fruits and vegetable~. No longer content with taking
~atul'e as it comes, the l1eotecllllic agriculturist seeks to determine
the exact conditions of soil, temperature, moisture, insolation that
are neeJed for the specific crop he would grow. Within his cold
frames and his hothouses he hrings these conditione; into existence.
This deliberate and systematic agriculture is seen at its best today,

and its manner of use.
The closer inter-planning of rural and urban occupations neces·
sarily follows from the partial industrialization of agriculture. Even
without the use of hothouses the widespread di::;tribution of popula.
tion through the open country i::: a con::-equence of neotedmic industry
that is actually in the prot.:~::,s of realization: this brings with it the
possibility of adjusting indu~trial production to seasonal changes of
work enforced by nature in agriculture. And as agriculture becomes
more industrialized. not merely will the extreme ru~tic and the extreme cockney human type~ tend to diminish, but the rhythms of
the two occupations will approach each other and modify each other:
if agriculture, heed from the u11l'ertainty of the weather and of insect
pe..;t~, will become more regular. the organic timing of li~e process~
may modify the heat of ilHlu::-trial organization: a sprmg rush m
mechanical industry, when the fields are beckoning, may he treated
110t merelY as a mark of illt'lllcient planning but as an c~sential sacrilege. Tho', human gaill frol11 thi::- marriage of town and coun.try of
industry alld agriculture. was l'on . . lantly present in the be!"t mmd of
. If
ed an a ·trouom·
the nineteenth century, although tIIe !"tate Itse seem,
'.
,
.
fl'
1'
l'cy the commulU t Marx,
lea 1 (lI:-tance a wa y rom t lem. 011 t ll~ po I
•
,
.
I 1
,h' t Kropotkin were one. It
the 50c1:I1 tor\'. Rm·klll. am t It' allarc IS
now one of tl~e obvious objectives of a rationally planned ec~ ·

,
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12: The Planning of Population
Central to tIle orderly use of resources , the system a t·IC Integ
.
,
of industry, and the
. ratIon'
, planning and development of hu man regIon
perhaps the most Important of all neotechnic innovati
. h s, IS
.
. h
.....1
ons. t e pI
llmg of t e growul and distribution of the population.
anWllile . births
have
been controlled from the earl·lest tImes
.
.
.
b
one emplflCal deVIce or another, from a sceticism to abor .
Y
..
th
tIOn, from
COItus mterruptus to e Athenian method of exposin th
1 fi·
g e newborn
. f
111 ant, t Ie
rst
great
Improvement
in
Western
Europe
. '
came by the
SIxteenth century VIa the Arabs. Fallopius, the discoverer of the
F~llopian tubes, described the use of both the pessary and the sheath
.'
LIke the gardens and palaces of the period , the discovery rennalned
apparently the property of the upper classes in France and It 1 . '
. tl
l'
a y. It
was
on
y
III
Ie
ear
y
nIlleteenth
century
that
Francis
Plac
. . I
e an d h'18
dISCIples att~mpted to spread the knowledge among the harassed
cotton
operatIves
of .
England. But the rational practice of co nt racep.
..
tIOn a~d the Improvement III contraceptive devices awaited not merely
the dIs~~ver.y of .the exact nature of the germ cell and the process
of fertlhzatlO~: It also awaited improvements in the technological
means. EffectIve general contraception, in other words, post-dates
Goodyear and Lister. The first large fall of the English birth rate
took place in the decade 1870-1880, the decade we have already
markeu as that which saw the perfection of the gas engine, the
dynamo, the telephone, and the electric filament lamp.
The tabus on sex were so long operative in Christian society that
its scientific investigation was delayed long beyond any other function
of the body: there are even today textbooks on physiology that skip
over the sexual functions with the most hasty allusions: hence a
subject of critical importance to the care and nurture of the race is
still not altogether out of the hands of empirics and superstitionridden people, to say nothing of quacks. But the technique of tern~orary sterilization-so-called birth-control-was perhaps the most
Important to the human race of all the scientific and technical advances that were carried to completion during the nineteenth century.
It was the neotechnic answer to that vast, irresponsible spawning
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of Western mankind that took plac~ during the paleotechnic phase,
artly in response perhaps to the mtroduction of new staple foods
~nd the extension of new food areas, stimulated and abetted by the
fact that copulation was the one art and the one form of recreation
which could not be denied to the factory population, however it or
they might be brutalized.
The effects of contraception were manifold. As far as the personal
life went, it tended to bring about a divorce between the preliminary
sexual functions and the parental ones, since sexual intercourse, prudently conducted, no longer brought with it the imm:nent likelihood
of offspring. This tended to prolong the period of romantic love
among the newly married: it gave an opportunity for sexual courtship and accomplishment to develop, instead of being reduced and
quickly eliminated by early and repeated pregnancies. Contraception likewise naturally gave the opportunity for the exercise of
!'exual relations before accepting the legal responsibilities of marriage and parenthood: this resulted in a devaluation of mere virginity, while it permitted the erotic life to follow a natural sequence
in growth and efflorescence without respect to economic or professional expediency. It therefore lessened to some extent the dangers
of arrested sexual and emotional development, with the strains and
anxieties that so often attend this arrest, by giving opportunities for
sexual intercourse without complete social irresponsibility. Moreover, by permitting intimate sexual knowledge before marr~age, .it
offered a means for avoiding a more or less permanent relatIOnshIp
in the case of two people to whose happy union there might be grave
physiological or temperamental obstacles. While contraception,. by
doing away with the element of finality, perhaps lowered the weIght
of tragic choices, it tended to stabilize the institution of
by
the very fact that it dissociated the social and afIectional
of
parenthood from the more capricious incidence of sexual passIOn.
·
1 life particub
But important as contraception was to e In sexua
~
larly in the fact that it restored sex with compensatory vIgor to •
more central role in the perso'n ality, its wider social etIecta

marria~e,
relatlo~

equally important.
Whatever the limits of population growth on the

planet IDA

262

TECHNICS AND CIVILIZATION

one douLts that there are limits. The area of the planet it , ,If'
. .
.
se IS
one lumt, and the amount of arable soIl and fi~hahlt' water is, a no tl ler'
In crowded countries like China and India, the population has l' f '
n a('t
pressed close upon the food supply, and security has alterna ted wi
'
J
'
'
"
f C}lIlIese
,
f amme,
uesplte
t1Ie Immense
supenorlty
0
agriculture t 1
OVer
,
'
"
most European and Amencan agnculture III the YIeld it obtains
per
,
' .
'
.
'lcre. WIth the nsmg pressure of populatIOn III European COuntries
from the end of the eighteenth century onward, and with the fate of
increase offsetting wars. a high death rate from di.;;eases, and erni.
gration, there was a tidal movement of peoples from the Eastern
Hemisphere to the Western, from Russia into Siberia, and from
China and Japan into Manchuria. Each sparsely populated area
served as a meteorological center of low pressure to attract the cy.
clonic movement of peoples from areas of high pressure. Had all the
population of all countries continued automatically to rise, this move.
ment must in the end have resulted in frantic conflicts-such as that
which began in 1932 between China and Japan-with death through
starvation ant! plague as the only alternative to drastic agricultural
improvement. Under the stress of blind competition and equally blind
fecundity there could be no end to these movements and these mass
wars.
'With the widespread practice of birth control, however, a vital
equilibrium was approached at an early date by France, and is now
on the point of being achieved in England and in the United States,
This equilibrium reduces the number of variables that must be taken
account of in planning, and the size of the population in any area
can now theoretically be related to the permanent resources for sup·
porting life that it provides; whilst the waste and wear and dissipation
of an uncontrolled birth-rate and a high death-rate is overcome by the
lowering of both sides of the ratio at the ~ame time. As yet, birth
control has come too tardily into practice to have begun to exercise
any measurable control over the affairs of the planet as a whole.
Forces which were set in motion in the past may for two or three
generations stand in the way of the rational ordering of births, except
in the most civilized countries; and the rational re-distribution of the
population of the earth into the most desirable habitats awaits the
110

i
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. 1 'bbing of the human tide from the point to which it was
gen e1a e
. . J up in the nineteenth century.
Whippe
' change are now f or t he first tlme
'
B the technical means 0 f l
t liS
lit d

So strongly do personal and social interests coincide here
at WTZ
•
b us 0 f re1"Ig1011 can WIt
, hstan d th em. The
,
'
doubtful
if
the
ta
that' It ]5 ts that Cath0 l'IC Ph YS]ClanS
" have ma(Ie to d']::;cover .. sa f"
e
very a tt emp
, d when conception is unlikely is an earnest of the demand to
pe rlO S
'
"
,
fi d mcasurc which will e cape the Church s somewhat capnCIOU:'
l1
a
rtI'ficial methods. Even the religion of nationali::;m, though
. "
ban on a
, ] ted by sadistic explOIts, paranOIac delUSIOns of grandeur, and
sumu a
"
,
, 1 desires to impose the nat10nal WIll upon other populatlOns
mamaca
.
"
--even this religion is not Immune to the teclmologlcal aclnevement
of birth-control, so long as it retains the major elements of modern
technology.
, ,
Here then, is another instance of that change from quantltatIve
to qualitative standards that mark, the transition from the paleoorgy of uncontechnic economy. The first period was marked by an
d'
1.
trolled production and equally uncontrolled repro uctlOn: mac ~me.
fodder and cannon-fodder: surplus values and surplus populatIOns.
In the neotechnic phase the whole emphasis begins to ch~nge: ~ot
more births but better births, with greater prospects of surVIVal, wIth
better opPOltunities for healthy living and healthy parenthood, ,untainted by ill.health, preventable diseases, and poverty, not spoIled
Ly industrial competition' and national wars, These are the new
demands. What rational mind que~tions their legitimacy? What humane mind would retard their operation?

1:3: The Present Pseudomorph
So far in treating the neotechnic phase, I have concerned myseU
, descnptIon
..
more with
an d aetua l'Ity ra ther than with prophecy. and
B
. , Bnt he wI10 say~~ A m
. neo technics has already
' said ,
potentialIty.
. I'llnp1"lcatlOns an d consequences .of the neGand ."
It IS wIth the SOCIa
technic economv rather than with its typical technical lDst~
,
.'
f tho book
that I purpo~e to devote the two final chapters 0
18 •
'.
There is. however, another difficulty in dealing With thll
namely, we are still in the midst of the tran ition. 'The 11M
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knowledge,
the . machines and the utilities, the teehnologi ea I methOd
.
the habIts of Ide and the human ends that belong to this
S,
· d'
.
econOmy
are f ar f rom b emg ommant m our present civilization . TlIe f act'
that in the great industrial areas of Western Europe and A
. is
I olta
' bl e terntones
. , th at are under the contr 1 mCfJca
· th
an d In
e exp
f
' h
.
'II'
0 0 lhe8e
t eehmc p ase IS Stl mtact and all it
cent ers, th
e
pa
I
eo
.
. .
8 essentIal
cIIaractenstlcs are. uppermost, even though many of the mac h'mes It.
uses are neotechmc ones or have been made over-as in the I
.
·
f
'1 d
b
e eetn·
fi catIOn 0 ral roa systems- y neotechnic methods. In th·
.
f
I
h'
.
18 per·
slsten~e ~ pa .eotec me ~ractIces the original anti-vital bias of the
machme ]S eVIdent: bellIcose, money-centred, life-curbing
.
h'
' we con·
tmue
to wors Ip the twin deities, 'Mammon and Moloch ' to say not.
h
.
mg of more abysmally savage tribal gods.
. Even in the midst of the worldwide economic collapse that began
m 1929, the value of what has collapsed was not at first questioned,
though the more faint-hearted advocates of the old order have no
hope now of re:onstituting it. And in the one country, Soviet Russia,
that has magmficently attempted to demolish pecuniary standards
and interests, even in Soviet Russia, the elements of the neotechnie
phase are not clear. For despite Lenin's authentic intuition that
"~lectrification plus soc,ialism equals communism" the worship of
SIze and crude mechamcal power, and the introduction of a mil·
itarist technique in both government and industry go hand in hand
with sane neotechnic achievements in hygiene and education. On one
hand the scientific planning of industry: on the other, the mechanistically conceived bonanza farming, in the fashion of America in the
seventies: here the great centers of electric power, with a potential
decentralization into garden-cities: there the introduction of heavy
industries into the already congested and obsolete metropolis of
Moscow, and the further waste of energy in the h~ilding of costly
subways to intensify that congestion. On different lines from noncommunist countries, one nevertheless observes in Soviet Russia
some of the same confusion and cross-purposes, some of the same
baneful survivals, that prevail elsewhere. What is responsible for this
miscarriage of the machine?
The answer involves something more complex than a cultural lag
>
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tion. It is best explained, I think, by a concept put forward
d
or retar
a Spengler in the secon d voIume 0 f th e Declme
. of the West:
Oswald
by
t of the cultural pseudomorph. Spengler points to the
the concep
. .
fact in geology that a rock may retam Its structure after
common
' and been replaced by
. elements have been leached out of It
certaIn. ely different kind 0 f
' I S'IDce th e apparent structure
matena,
an ent Ir
of the old rock remain~, ~e ne,; pr~duct is termed a pseudo~~r~h.
A imilar metamorphosIS IS possIble ID culture: new forces, actIvltles,
. s't t'ons instead of crystallizing independently into their own
lDstl u 1 ,
riate forms may creep into the structure of an existing civiliapprop
,
zation. This perhaps is the essential fact of our present situation.
As a civilization, we have not yet entered the neotechnic phase; and
should a future historian use the present terminology, he would
undoubtedly have to characterize the current transition as a mesotechnic period: we are still living, in 'Matthew Arnold's words, between two worlds, one dead, the other powerless to be born.
For what has been the total result of all these great scientific discoveries and inventions, these more organic interests, these refinements and delicacies of technique? We have merely used our new
machines and energies to further processes which were begun under
the auspices of capitalist and military enterprise: we have not yet
utilized them to conquer these forms of enterprise and subdue them
to more vital and humane purposes. The examples of pseudomorphic
forms can be drawn from every department. In city growth, for
instance we have utilized electric and gasoline transportation to
increase' the congestion which was the original result of the capitalistic concentrations of coal and steam power: the new means have
been used to extend the area and population of these obsolete and
inefficient and humanly defective metropolitan centers. Similarly the
steel f fame construction in architecture, which permits the fullest use
of glass and the most complete utilization of sunlight, has been u~
in .y\.merica to increase the overcrowding of buildings and the ~bh~.
Cl ation of sunlight. The psychological study of human behaVIor IS
used to condition people to accept the goods offere~ by the ~y
advertisers, despite the fact that science, as applied m the National
Bureau of Standards at Washington, gives measurable and r&telble
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levels of performance for commodities whose w th'
or IS now p
,
'
b
esta hshed by purely subjective methods. Th
1 . utahvely
'
.
f
'
.
e pannIng a d
ord mat IOn 0 productIve enterpnse in the hand f '
1/
Co·
'
s
0 pnvate b k
rath er th an public servants becomes a method f
,
an ers
0
preSerVlllg m
' "
oI y controI f or pnvIleged financial groups or p . 'I d
onop.
'
,
,
nVI ege COuntr'
L a b or savIng
deVICes, Instead of spreading th t I l es,
I .
b
e ota amOunt £
elsure, ecome means of keeping at a depauperate I 1
.
0
,
fI '
eve an mcre
mg part 0 t le populatIon. The airplane, instead of merel '
,as.
the amount 0 f
l
'Intercourse between countries h Y IncreasIng
trave
and
'
· f
f
' as Increased
t h elr ear 0 each other: as an instrument of war in
b"
'
com matIOn
.h hI"
WIt t e atest chemIcal achIevements in poison gas it
'
'
promIses a
rut hI essness of extermination that man has heretofore not b
h
.
een a Ie
to apply to eIther bugs or rats. The neotechnic refinement f h
h··th
d'
0 t e
mac me, WI out a coor mate development of higher social ur ose
.
P p s,
has on Iy magm'fie d t he POSSI'b'l'
1 Ihes of depravity and barbarI'
sm.
Not alone have the older forms of technics served to constrain the
development
of the neotechnic economy: but the new inventions and
.
deVICes have been frequently used to maintain, renew, and stabilize
the structure of the old order. There is a political and financial vested
inter est in obsolete technical equipment: that underlying conflict
between business interests and industrial interests, which Veblen
~nalyzed with great acuteness in The Theory of Business Enterprise,
IS accentuated by the fact that vast amounts of capital are sunk in
antiquated mach ines and burdensome utilities. Financial acquisitive.
ness which had originally speeded invention now fu rthers technical
inertia. Hence the tar d iness in introducing the automatic telephone:
hence the continued design of automobiles in terms of superficial
fashions, rather than with any readiness to take advantage of aerodynamic principles in building fo r comfort and speed and economy:
hence the continued purchase of p atent rights for improvements which
are then quietly extirpated by the monopoly holding them.
And this reluctance, this resistance, this ine rtia have good reason:
the old has every cause to fear the superiority of the new. The planned
and integrated industry of neotechnic design promises so much
greater efficiency than the old that not a single institution appropriate
to an economy of parsimony will remain unaltered in an economy
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'cularly the institutions limiting ownership and divipa rt 1
all fragment of the population, who thus absorb the
sm
. ' d
. I
.
ower by excessive re-investment m In ustna enterpnse
p
.
Th ese InstItutIOns,
. ..
. d d
.
.
ver expansIOn
In ee , are Incomd add to Its 0 - '
.
.
an .
.h
lanned production and distributIOn of the necessanes
tlble Wit a P
pa r f for financial values and real goods cannot be equated to the
of 1 e,
f the whole community on terms that will benefit chiefly
e
dvantag 0
..
I
f
a
.
pitalists by and for whom the ongma structure 0
the pnvate ca
italism was created.
cap
d t '''onder that those who affect to control the destinies
One nee no n
,
• •
. d
. I ociety the hankers, the busmess men, and the polItIof 1Il ustna s
,
.,
.
1
teadily put the brake upon the tran ItIOn and have
Clans, lave s
.
..
" t the neotechnic developments and aVOld the dra~tlc
soug1lt to l 1m1
..
.
..
that must be effected throughout the entue SOCial milieu.
change~
h ' 11
h' d
I
The present pseudomorph is, socially and tee mca y,. t I~ ~r.ate .. t
raction of the efficiency that the neotechl11c clVIhzatIOn
•
.'
Ilas onI Y a f <
as a whole may posse.;:s, provided it finally produces It own lllstltu. 1 f or ms and controls and directions and patterns.. At present,
tIona
.
instead of finding these forms, we have applied our sklll and 1l1vention in such a manner as to give a fresh lease of life to many of .the
obsolete capitali~t and militarist institutions of the older per~od.
Paleotechnic purposes with neotechnic means: that is the most ObVIOUS
characteristic of the pre~ent order. And that is why a good part of th~
· •• new"0r "advanced
machines and in~titutions t h at I)oa~t 0 f h emg
•
or " progressive" are often so ouly in the way that ~ modern hattIe~hip is new and advancpd: they may in fact be reactIOnary, and they
may stand in the way of the fresh integration of work and art and

Ius '
of surp .
dends to. a
purchaung

life that we must seek and create.

C OMP ENSA TIO NS A N D REVERSIONS

COMPENSATIO NS AND
REVE RSIONS

CHAPTER VI.

1: Summary of Social Reactions
Each of the three phases of machine civilization has left its deposits in society. Each has changed the landscape, altered the physical
layout of cities, used certain resources and spurned others, favored
certain types of commodity and certain paths of activity, and modified the common technical heritage. It is the sum total of these phases,
confused, jumbled, contradictory, cancelling out as well as adding
to their forces that constitutes our present mechanical civilization.
Some aspects of this civilization are in complete decay; some are
alive but neglected in thought ; still others are at the earliest stages of
development. To call this complicated inheritance the Power Age or
the Machine Age is to conceal more facts about it than one reveals.
If the machine appears to dominate life today, it is only because
society is even more disrupted than it was in the seventeenth century.
But along with the positive transformations of the environment by
means of the machine have come the reactions of society against the
machine. Despite the long period of cultural preparation, the machine
encountered inertia and resistance : in general, the Catholic countries
were slower to accept it than were the Protestant countries, and the
agricultural regions assimilated it far less completely than the mining
districts. Modes of life essentially hostile to the machine have remained in existence: the institutional life of the churches, while often
subservient to capitalism, has remained fo reign to the naturalistic
and mechanistic interests which helped develop the machine. Hence
the machine itself has been deflected or metamorphosed to a certain
degree by the human reactions which it has set up, or to which, in
268
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one manner or another, it has been forced to adapt itself. Many social
adjustments have resulted from the machine which were far from
the minds of the original philo!:iophers of industrialism. They exected the old social institutions of feudalism to be dissolved by the
~ew order: they did not anticipate that they mi ght be re-crystallized.
It is only in economic textbooks, moreover, that the Economic Man
and the Machine Age have ever maintained the purity of their ideal
images. Before the paleotechnic period was well under way their
images were already tarnished: free competition was curbed from
the start by the trade agreementR and anti-union collaborations of the
very industrialists who shouted mo~t loudly for it. And the retreat
from the machine, headed by philosophers and poets and artists, appeared at the very moment that the forces of utilita lial~ism seem~d
most coherent and confident. The succes_es of mecham m only mcreased the awareness of values not included in a mechani stic ideology-values derived, not from the machine, but fro m other provinces of life. Any just appreciation of the machine's cont ribution to
civilization mu t reckon with these resistances and compen 'ations.
2: The Mechanical Routine
Let the reader examine for himself the part played by mechanical
routine and mechanical apparatus in his day, fro m the alarm-clock
that wakes him to the radio program that put~ him to sleep. Instead
of adding to his burden by re-capitulating it, I purpose to summarize the results of his investigations, and analyze the consequences.
The fir~t characteri,tic of modern machine civilization is its tern·
pora 1 regularity. From the moment of waking, the rhythm of the
day is punctuated hy the clock. Irre:; pective of strain or fatigue,
despit rt luctance or apathy. the household rises close to its set
11Our. Tardiness in rising i penalized by extra ha ste in eating break·
fast or in walking to catch the tra in : in the long run, it may even
mean the 10~s of a job or of advancement in business. Breakfast,
lunch, di nner, occur at regula r hours and are of definitely limited
durat ion: a mill ion peopl e perform these functions within a very
narrow hand of time, and only minor provisions are made for tho
who would have food outside this regular schedule. As the scale of
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jndll .::t l'iuJ orga n izH l in n g)'ow~, the pUllctu'l< li ty <'lnd 1e guIanty
' of th
mcc Ila Ill .C:.! ! rq:!; IllW tend to 1l1Clea~e with it·. the timeet' 1oc k ente e
'Hltl~lllatll"lll ' to regulate the entrallce allt! exit of the worker, whi~s
llll Irregular \forker-tempted hy the tront ill Sl)ring ~-t reams ore
d lie k. ~ Oil ~alt mt'adows-find~ that these iml)\d~es are as I Ul f avont 1)ly
tJ eated a~ ha llltual drunkenness: If he would retain them 1
Ie must
remam attached to the It'~s routinized pro\il1('e~ of agricu lture. " The
refractory temper:' of work-people accu~tomed to irregular parox
J oJ
f }
ysms
o f <ll 19c1lce, 0 W lich Ure wrote a centuryJ aO'o
with
such
b
plOUS
horror. have mdeed heen tamed.
Under capitalism time-keeping is not merely a means of co-ordinating and inter-relating complicated functions: it is also like mone
an independent commodity with a value of its own. The
teacher, the lawyer, even the doctor with hi s schedule of operations
conform their functions to a time-table almost as rigorous as that
of the locomotive engineer. III the case of child-birth, patience
rather than instrumentation is one of the chief requirements for a
successful normal deli\'ery and one of the major safeguards against
infection in a difficult one. Here the mechanical interference of the
obstetrician. eager to resume his round s, has apparently been largely
responsible for the current discreditable record of American physicians, uti lizing the most sanitary hospital equipment, in comparison
with m idwives who do not attempt brusquely to hasten the processes
of nature. While regularity in certain physical functions, like eating
and eliminating, may in fact assist in maintaining health, in other
matters, like play, sexual intercourse, and other forms of recreation
the strength of the im pulse it8elf is pulsating rather than evenly
recurrent: here habits fos tered by the c10ck or the calendar may
0

,

0

•

•

0 "

o

'

0

.,

0

o

scho~

lead to dullness and decay.
Hence the existence of a mach ine civilization, completely timed
and <.,chcduled and regulated, doe not necessarily guarantee maxi·
mum efficiency in any sense. Time-kee ping estahlishes a useful point
of reference, and is invaluable for co·ordinating diverse groups and
functions which lack any other common fram e of activity. In the
practire of an individual's vocation such regularity may greatly
assist concentration and economize effort. But to make it arbitrarily

•
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uman functions is to reuuce exi~tence itself to mere time·
h
er
ru Ie ov
, anu to ~pread the shades of the prison-house over too large
servmg
an area of human conduct. The regulanty that prouu~es a~athy and
that acedia which was the bane of monastIc eXIstence, as
atrop1lyit is likewise of the armY-IS as wasteful as the lfregulanty that
prod uces disorder and confusion. To utiliz~ the accidental, the unpredictable, the fitful is as .n~coessary '. even m terms of econ~my , as
to utilize the regular: actlvitle willch exclude the operatlOns of
chance impulses forfeit !:-ome of the ad vantages of regularity.
In short: mechanical time is not an absolute. And a populatlOn
trained to keep to a mechanical time routine at \\ hatever sacrifice
to health, convenience, and organic felicity may well suffer from the
strain of that discipline and find life impo~sible withou t the most
strenuous compensations. The fact that ~exual intercourse ill a modern city is limited, for workers in all grades and departmellts, to
the fatigued hours of the day may add to the effi iency of the working
life only by a too·heavy ~a crifice in personal and organic relations.
Not the least of the blessings promi.,ed by the shortening of working
hours is the opportunity to carry into bodily play the vigo r that has
hitherto been exhausted in the service of machines.
Next to mechanical regularity, one notes the fact that a good
part of the mechanical elements in the day are attempt" to co unteract
the effects of lengthening time and space distance-. The refrigera·
tion of eggs, for example, is an effort to space their di stribution more
uniformly than the hen her elf is capable of doing: the pa;:;k llrization
of milk is an attempt to COllnteral't the effect of the time con::-umed
in completing the chain between the cow and the remote ('on.;;umer.
The accompanying pieces of mechanical appa ratu -. do 1l0liliJlg to
improve the product it elf: refrigera tion me rely halts tilt' proce~s
of decomposition, wh ilc pasteurization actua ll y rohs tile III iIk of
some of its value as nutriment. \V'here it is p() . . ~j hlt' to d j...;lrilltlte
the population closer to the rural center .. wh en-- 1ll ilk <\llli hutter
and green vegt'tahles a rc grown, the elahorate IUt'challi,'al ;lpparatus
for counteracting time and space distances ma y to a la rge df'gree
be diminished.
One might multiply su('h examples from many department5~ they
0

0

•

0

0

272

TECHNICS AND CIVILIZATION

COMPENSA TIONS AND REVERSIONS

point to a f act about the machine that has not been generally r
.
I'
f
ecog.
. db]
JUze
y t lOse quamt apo oglsts or machine·capitalism who look
and every fresh pIece
.
upon every. extra expenditure of horsepower
.
of mechal1lcal apparatus as an automatIC net gain in efficien
I
The Instinct of Workmanship Veblen has indeed wondered
n
the typewriter, the telephone, and the automobile, though creditab~:
technological achievements "have not wasted more effort and sub.
stance than they have saved," whether they are 110t to be credited
with an appreciable economic loss, because they have increased the
pace and the volume of correspondence and communication and travel
out of all proportion to the real need. And Mr. Bertrand Russell has
noted that each improvement in locomotion has increased the area
over which people are compelled to move: so that a person who
would have had to spend half an hour to walk to work a century
ago must still spend half an hour to reach his destination. because
the contrivance that would have enabled him to save time had he
remained in his original situation now-by driving him to a more
distant residential area-effectually cancels out the gain.
One fu rther effect of our closer time co-ordination and our instan·
taneous communication must be noted here: broken time an d broken
attention. The difficulties of transport and communication before
1850 automatically acted as a selective screen, which permitted
RO more stimuli to reach a person than he could handle: a certain
urgency was n ecessary before one received a call from a long dis·
tance or was compelled to make a journey oneself: this condition
of slow physical locomotion kept intercourse down to a human scale,
and under definite control. Nowadays this screen has vanished: the
remote is as close as the near : the ephemeral is as emphatic as the
dl:lfable. While the tempo of the day has been quickened by instan·
taneous communication the rhythm of the day has been broken: the
radio, the telephone, the daily newspa per clamor for attention, and
amid the host of stimuli to which people are subjected, it becomes
more and more difficult to absorb and cope with anyone part of
the environment, to say nothing of dealing with it a s a whole. The
common man is as subject to these interruptions as the scholar or
the man of affairs, and even the weekly period of cessation from

w~:~h
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familiar ta.sks. and contemplative . r.everie, which was one of ·the
great contnbutIOns of Western relIgIon to the discipline of the personal life, has become an ever remoter possibility. These mechanical
aids to efficiency and cooperation and intelligence have been merci.
lessly exploited, through commercial and political pressure: but so
far-since unregulated and undisciplined-they have been obstacles
to the very ends they affect to further. We have multiplied the me.
chanical demands without multiplying in any degree our human
capacities for registering and reacting intelligently to them. With
the successive demands of the outside world so frequent and so
imperative, without any respect to their real importance, the inner
world becomes progressively meager and formless: instead of active
selection there is passive absorption ending in the state happily
described by Victor Branford as " addled subjectivity."
3: P urposeless Materialism: Superfluous Power

I

Growing out of its preoccupation with quantity production is the
machine's tendency to center effort exclusively upon the production
of material goods. There is a d isproportionate emphasis on the physi.
cal means of living: people sacrifice time and present enjoyments
in order that they acquire a greater abundance of physical means;
for there is supposed to be a close relation between well.being and
the number of bathtubs, motor cars, and similar machine·made products that one may possess. This tendency, not to satisfy the physical
needs of life, but to expand toward an indefinite limit the amount
vf physical equipment that is applied to living is not exclusively
characteristic of the machine, because it has existed as a natural
accompaniment of other phases of capitalism in other civilizatiODlo
What is typical of the machine is the fact that these ideals, inatead
of being confined to a class, have been vulgarized and spread .t
least as an ideal- in every section of society.
One may define this aspect of the machine as "purpose~
terialism." Its pa rticular defect is that it casts a shadow of
upon all the non.material interests and occupations of
particula r, it condemns liberal esthetic and intellectual
cause "they serve no useful purpose." One of the bleM
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tion, among the naIn! advocates of the machine, is that it does awa
with the need for the imagination: instead of holding a
with one'8 distant friend in reverie, one may pick up a telephone
and substitute his voice for one's fantasy. If stirred by an emotion
instead of singing a song or writing a poem, one may turn on ~
phonograph record. It is no disparagement of either the phonograph
or the telephone to suggest that their special functions do not take
the place of a dynamic imaginative life, nor does an extra bathroom, however admirably instrumental, take the place of a picture
or a flower-garden. The brute fact of the matter is that our civilization is now weighted in favor of the use of mechanical instruments,
because the opportunities for commercial production and for the
exercise of power lie there: while all the direct human reactions or
the personal arts which require a minimum of mechanical parapher.
nalia are treated as negligible. The habit of producing goods whether
they are needed or not, of utilizing inventions whether they are
useful or not, of applying power whether it is effective or not pervades almost every department of our present civilization. The result
is that whole areas of the personality have been slighted: the telic,
rather than the merely adaptive, spheres of conduct exist on sufferance. This pervasive instrumentalism places a han~icap upon vital
reactions which cannot be closely tied to the machine, and it magni.
fies the importance of physical goods as symbols-symbols of intelligence and ability and far·sightedness-even as it tends to characterize
their absence as a sign of stupidity and failure. And to the extent
that this materialism is purposeless, it becomes final: the means are
presently converted into an end. If material goods need any other
justification, they have it in the fact that the effort to consume them

block of squureu
stolle ,
was .
tah'n as the '\;ul'J'cct for measurIng
' 1t Ie
,
effort requIred to mo:e It. It welghe(l 1080 pounds. In oruer to drag
the stone, roughly clll~eled, alollg
'I
, the floor of the fluarrv
. , I't rt'flUlfel
a force equal to 758 pounds. 1!te same stolle dngac,1
tl U ov er a fl oor
1 dr' a \VII 0\'1-'1'
of planks required 652 pounds; on a l)latform of WOo·u,
a floor of plunks, it required G06 pounds. After soaping the
surfaces of wood which ~ljd OWl' each other it requireu 182 POllIIU:-.
The same stone was now placeu upon rollers three inche:- ill diam·
tel', when it required to put it ill lIIotioll along the floor of the
quarry only 34 pounds, wllile to drag it by these rollers over a
wooden floor it needed but 22 pound....
•
This is a simple illustration of the two ways open in applying
power to modern prouuction. One is to inClea~e the expellditure of
power; the other is to economize in the application of it. ~lanv of
our so·called gains in efficiency ha ve cOIl"i~ted. ill efIcct, of l;sillg
power.machines to apply 758 pound- to work \\,hii'h could he ju~t
as efficiently accompli ... hed by careful planning and preparation with
an expenditure of 22 pound~: our illu~iol1 of superiority is ba~ed
on the fact that we have had 736 pounds to wil~te, This fad explains
some of the grotesque miscalculations and mi~appraisa]:o; that have
been made in comparing the working eHiciency of pa~t agl's with
the present. Some of our technologist:o; ha\'e committed the hlunder
of confusing the increased load of e({uipment and the increa:-crl
expenditure of energy with the quantity of eilective work dont'. But
the billions of horsepower a\'3 ilahle in modern productioll mu ... t he
balanced off agaiwt losses which are eWII greater thall tho"'e for
which Stuart Chase has made a tangible estimate in hi excellent
study of The Tragedy of 'Waste, W11ile a net gain can probably be
shown for modern ci\'ilization. it is not nearly so great as we have
imagined through our habit of looking only at one side of the balance
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conversatio~

keeps the machines running.
These space-contracting, time-saving, goods-enhancing devices are
likewise manifestations of modern power production: and the same
paradox holds of power and power-machinery: its economies have
been partly cancelled out by increasing the opportunity, indeed the
very necessity, for consumption. The situation was put very neatly
a long time ago by Babbage, the English mathematician. He relates
an experiment performed by a Frenchman, M. Redelet, in which a
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sheet.
Tht' fal't is that an elahorate mechanical organization i often
a temporary and expensive suhstitute for an effective ~cial organization or for a ~ollnc1 biological adaptation. The secret of anal·
motions, of hanlPssing energies, of designing machine wa
ered before we began an ordNly analysis of modem lO4:je1lY;
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attempted to control the unconscious drift of technic and econOlDi
forces. Just as the ingenious mechanical restorations of teeth be~
in the nineteenth century anticipated our advance in physiololY
and nutrition, which will reduce the need for mechanical repair, 10
many of our other mechanical triumphs are merely stopgaps, to
serve society whilst it learns to direct its social institutions, ita
biological conditions, and its personal aims more effectively. In other
words, much of our mechanical apparatus is useful in the same way
that a crutch is useful when a leg is injured. Inferior to the normal
functioning leg, the crutch assists its user to walk about whilst bone
and tissue are being repaired. The common mistake is that of fancying that a society in which everyone is equipped with crutches is
thereby more efficient than one in which the majority of people walk
on two legs.
We have with considerable cleverness devised mechanical apparatus to counteract the effect of lengthening time and space distances,
to increase the amount of power available for performing unnecessary
work, and to increase the waste of time attendant upon irrelevant
and superficial intercourse. But our succe s in doing these thing hu
blinded us to the fact that such devices are not by themselves mar
of efficiency or of intelligent social effort. Canning and refrigeration
a8 a means of distributing a limited food supply over the year, or
of making it available in areas distant from the place originally
101m. represent a real gain. The use of canned goods, on the other
• country districts when fresh fruits and vegetables are a "
to a vital and social loss. The very fact that mee
"
to !arp-scale industrial and financial orga· •
ttep with the whole distributing mechani m of
pea an advantage to such indirect
method There i , however,
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lost through these misapplied energies enterprising individuals gained
in profits.
The point is that efficiency ~s currently con.fused with adaptability
to large-scale factory productIOn and marketmg: that is to say, with
fitness for the present methods of commercial exploitation. But in
terms of social life, many of the most extravagant advances of the
machine have proved to rest on the invention of intri.cate means of
doing things which. can be .performed at a minor cost by very simple
ones. Those comphcated pIeces of apparatus, first devised by American cartoonists, and later carried onto the stage by comedians like
Mr. Joe Cook, in which a whole series of mechanisms and involved
motions are created in order to burst a paper bag or lick a postage
stamp are not wild products of the American imagination: they are
merely transpositions into the realm of the comic of processes which
can be witnessed at a hundred different points in actual life. Elaborate antiseptics are offered in expensive mechanically wrapped pack.
ages, made tempting by lithographs and printed advertisements, to
take the place which common scientific knowledge indicates is amply
filled by one of the most common minerals, sodium chloride. Vacuum
pumps driven by electric motors are forced into American households for the purpose of cleaning an obsolete form of floor covering, the carpet or the rug, whose appropriateness for use in interiors,
if it did not disappear with the caravans where it originated, certainly
passed out of existence with rubber heels and steam-heated houses.
To count such pathetic examples of waste to the credit of the machine
is like counting the rise in the number of constipation remedies a
proof of the benefits of leisure.
The third important characteristic of the machine process and
machine environment is uniformity, standardization, replaceability.
Whereas handicraft, by the very nature of human work, exhibits
constant variations and adaptations, and boasts of the fact that no
two products are alike, machine work has just the opposite characteristic: it prides itself on the fact that the millionth motor car built
to a specific pattern is exactly like the first. Speaking generally,
the machine has replaced an unlimited series of variables with •
1.0
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limited number of constants: if the range of possi},ility is le5sCIled
tIlC area of prediction and control is increased.
'
And while the ul1if~rmit! of pcrfOl'J1~a~l~e. in human heings,
pu~hed Leyond a certam pomt, deadens 1IlltJatlVe alld lowers the
whole tone of the organism, uniformity of performance ill mncl!ill
es
and standardizatioll of the product works in the oppo,.ite din'dio .
n
The dangers of standardized products have in fact hecl] OYcr.ra ted
by peoplc ·who llUve applied the same criterion to macilines as lh('y
would to the behavior of living beings. This danger has ))('CI1 furt her
over-:-;tressed by those who look L1pon uniformity as in itself bad ,
and upon variation as in itself good: \, hereas monotony (uniformi ty)
and variety are in reality polar characteristics, neither of which can
or should be eliminated in the conduct of life. Standardization and
repetition have in fact the part in our social economy that habit
has in the human organism: by pushing belo\\ the level of conscious.
ness certain rccurrent clements in our experience, tll(,y free attention
for the non·mechanical, the ullexpected, the prrsona1. (I shall deal
with the social and e-.thetic importance of tbi::. fact when I discu~!:) the
assimilation of our machille culture.)
4: Co-operation lersus Slavery
One of the by·product:. of the dl'velopment of mechanical devices
and m('chauical standa rd has hCt'1l the n ullificH lion of !'k ill: VI hat
lIa., takt-n place here within the factory hai' al..,o taken place in the
filial utilization of it::- product .... The :--(1 rety razor, for example, has
dWlIged the opcration of shm"illg from a haz.udous one, best left
to a trained harlH'f, to a rapid cOllllllonplacc of the day which even
the most illt'pt mall':; can perform. Tlw automobile has transformed
engine-driving from the specialized ta!:'k of the locomotive engineer
to the occupation of millions of amateurs. The camera has in part
transfofmed the artful reproductions of the wood engraver to a rela·
tively simple photo-chemical proCf" S in which anyone can al'<]uife
at least the rudiments. As in nWllufactuft ' the human function fir .. t
becomes spf'l'ializl'd, then nH'chanizeo, and final1v. automatic or at
least semi·automatic.
When the last ~tage i:, reached. 'hI" fUllction again tab. s

(In

some
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f ·ts original non·specialized character: photography helps reculti.
ovateI t11e eye , the telephone the voice, the radio the ear, just as the
motor ca r has restored some
. . of the manual and operative . skills
that the machine was bamshmg from other departments of eXIstence
of power
at the sa me tIme that it has given
. to the driver a sense
.
. and
autonomo us direction-a feelmg of firm command m the mIdst of
". 11 constant danger-that had .been taken awayh from
him in
potentIa Y
. . b
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of work, uch n in alidi III and Jlt'urosi . Hut work in the f
orm of
u~~i1IiJlg dru~Jgel'Y or of Ih It 'C~t'"tury roulillc which, as Mr. Alfred
Zlmmem J'enllnd~ u , IIH' AllteulUJI::S .0 propc rly ue pi eu-work .
the e degrading fOl'llIS i tII IrUt, provilll'C' 01' machines, Instead l~
reducing human Leing to work·1ll challi. m~, we can now transf:r
the main pari of hurden to automati machine. This potentialit
till 0 far from efT tive 3chicw'ment for mankind at large 1'. P y,
,
er·
hap the large t justification of Ute mechanical developments of the
]a t thou and years.
From th ociaI tandpoint, one fin I haracterization of the rna.
chine, perhap the mo~t important of all, mu~t he noted: the machine
imposes tile ne('e~ ity for colIerlive effort and widens its range. To
the extent tIlat men have es aped the control of nature they must
.ubmit to the control of society. As in a serial operation every part
mu't func60n moothly and be geared to the right speed in order
to en ure the effective working of the process as a whole, so in society
at large there mu t be a clo e articulation between all its elements.
Individual self- ufficiency is another way of saying technological
crudene s: as our technics becomes more refined it becomes impossible to work the machine without large-scale collective cooperation,
and in the long run a high technic is possible only on a basis of
worldwide trade and intellectual intercour e. The machine has broken
down the relative i olation-never complete even in the most primitive societies--of the handicraft period: it has intensified the need
for collective effort and collective order. The efforts to achieve collective participation have been fumbling and empirical: so for the
most part, people are conscious of the necessity in the form of limitations upon personal freedom and initiative-limitations like the
automatic traffic signals of a conge ted center, or like the red-tape
in a large commercial organization, The collective nature of the
machine process demands a special enlargement of the imagination
aad a special education in order to keep the collective demand
•
from becoming an act of external regimentation. To dle extent
the collective discipline becomes effective and the various groups
_ _yare worked into a nicely interlocking organization, special
M- III be made for isolated and anarchic elements that
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burden, the duty to consume machine.products, while it placed lIpon
dIe manufacturer and the engineer the duty of inventing products
weak enough and shoddy enough-like the safety razor blade or the
common run of American woolens-to lend themselves to rapid reo
placement. The great heresy to the machine was to believe in an
institution or a habit of action or a system of ideas that would lessen
this service to the machines: for under capitalist direction the aim
of mechanism is not to save labor hut to eliminate all labor except
that which can be channeled at a profit through the factory.
At the beginning, the machine was an attempt to suhstitute quantity
for value in the calculus of life. Between the conception of the machine and its utilization, as Krannhals points out, a necessary
psychological and social process was skipped: the stage of evaluation.
Thus a steam turbine may contribute thousands of horsepower, and
a speedboat may achieve speed: but these facts, which perhaps satisfy
the engineer, do not necessarily integrate them in society. Railroads
may be quicker than canalboats, and a gas-lamp may be brighter than
a candle: but it is only in terms of human purpose and in relation to
a human and social scheme of values that speed or brightness have
any meaning. If one wishes to absorb the scenery, the slow motion
of
. a canalboat may be preferable to the fast motion of a motor car',
and if one wi hes to appreciate the mysterious darkness and the
strange forms of a natural cave, it is better to penetrate it with uncertain steps, with the aid of a torch or a lantern, than to descend
into it by means of an elevator, as in the famous caves of Virginia,
and to have the mystery entirely erased by a grand display of electric
lights-a commercialized perversion that puts the whole spectacle
upon the low dramatic level of a cockney amusement park.
Because the process of social evaluation was largely absent among
the peopJe who developed the machine in the eighteenth and nineteen~ centuries the machine raced like an engine without a governor,
tendmg to overheat its own hearings and lower its efficiency without
any compensatory gain. This left the process of evaluation to groups
remained out ide the machine milieu, and who unfortunately
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lacked ~}~ .knowledge

and the understanding that would have
crltlCl1ID more pertinent.
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The important thing to bear in mind is that the failure to evaluate
the machine and to integrate it in society as a whole was not due
simply to defects in di~trillUting income, to errors of management, to
the greed and narrow-mindedness of the industrial leaders: it was
abo due to a weakness of the entire philosophy upon which the new
techniques and inventions were grounded. The leaders and enterprisers of the period believed that they.had avoided the .neces ity
for intro(ludng val lleS, except those whIch were automallcally reconled in profits and price~. They helieved that the problem of justly
d i :;\.1"il IUt iug goods cou 1d be !--idetracked by creating an abundance
of them: that the problcm of applying one's energies wi~ely could be
cancelled out simply Ity multiplying them: in short, that most.of the
difficulties that had hitherto vexed mankind had a mathematIcal or
mechanic-aI-that i:::. a qllantit~ltiH·-50lution. The helief that values
could he di~pemed with l'oll::;tituted the new sy tem of values. Values,
divorcell from the current pro('e~~es of life, remaine~ the concern of
tho~e who reacted aga in:-t the machine. Meanwhile: the eurr~nt
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table, so sound, that one cannot touch the future of the machine
without taking them into account. Similarly the compensations that
have arisen to overcome or mitigate the effects of the new routine of
life and work call attention to dangers in the partial integration that
now exists.
5: Direct Attack on the Machine
The conquest of Western Civilization by the machine was not
accomplished without stuLLorn resistance on the part of institutions
and habits and impulses which did not lend themselves to mechanical
organization. From the very beginning the machine provoked com.
pensatory or hostile reactions. In the world of ideas, romanticism
and utilitarianism go side by side: Shakespeare with his cult of
the individual hero and his emphasis of nationalism appeared at
the same time as the pragmatic Bacon, and the emotional fervor of
Wesley's Methodism spread like fire in dry grass through the very
depressed classes that were subject to the new factory r~gime. The
direct reaction of the machine was to make people materialistic and
rational: its indirect action was often to make them hyper-emotional
and irrational. The tendency to ignore the second set of reactions
because they did not logically coincide with the claims of the machine
has unfortunately been common in many critics of the new industrial
order: even Veblen was not free from it.
Resistance to mechanical improvements took a wide variety of
forms. The most direct and simple form was to smash the offending machine itself or to murder its inventor.
The destruction of machines and the prohibition of invention,
which so beneficently transformed the society of Butler's Erewhon,
might have been accomplished by the working classes of Europe but
for two facts. First: the direct war against the machine was an unevenly matched struggle; for the financial and military powers were
on the side of the classes that were bent on exploiting the machine,
and in a pinch the soldiery, armed with their new machines, could
demolish the resistance of the hand workers with a volley of musketry.
As long as invention took place sporadically, the introduction of a
ing1e machine could well he retarded by direct attack: once it ope-
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rated on a wide and united front no mere local rebellion could more
than temporarily hold up its advance: a successful challenge would
have needed a degree of organization which in the very nature of
the case the working classes did not have--indeed lack even today.
The second point was equally important: life and energy and
adventure were at first on the side of the machine: handicraft was
associated with the fixed, the ses ile, the superannuated, the dying:
it manifestly shrank away from the new movements in thought and
from the ordeal of the new reality. The machine meant fresh revelations, new possibilities of action: it brought with it a revolutionary
elan. Youth was on its side. Seeking only the persistence of old ways,
the enemies of the machine were fighting a rear-guard retreat, and
they were on the side of the dead even when they espoused the
organic against the mechanical.
As soon as the machine came to predominate in actual life, the
only place where it could be successfully attacked or re'isted was
in the attitudes and interest of tho~e who worked it. The extent to
which unmechanical ideologies and program have Houri hed since
the seventeenth century, despite the persistent habituation of the
machine, is in part a measure of the amount of resistance that the
machine has, directly or indirectly, occasioned.

6: Romantic and Utilitarian
The broadest general split in ideas occasioned by the. machine
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as much distance as possible between his own society of unfettered
money·making individuals and the ideals of a feudal and corporate
life. These ideals, with their traditions, loyalties, sentiments, consti.
tuted a brake upon the introduction of changes and mechanical irn.
pro\'emellts: the sentiments that clustered around an old house might
stand ill the way of opening a mine that ran underneath it, even as
the affection that often entered into the relation of muster and
servant under the more patriarchal older n;gime might stand in
the way of that enlightened self·interest which would lead to the
dismissal of the worker as soon as the market was slack. ~ll[lt most
obviously prevented a clean victory of capitalistic and mechanical
ideals was the ti~sue of ancient institutions and habits of thought:
the belief that honor might be more important than money or that
friendly affection and comradeship might be as powerful a motive
in life as profit making: or that present animal health might be
more preciolls than future material acquisitions-in short, that the
whole man might be worth preserving at the expense of the utmost
success and power of the Economic :l\1an. Indeed, some of the sharpest
criticism of the new mechanical creed came from the tory aristocrats
in England, France, and in the Southern States of the United States.
Romanticism ill all its manifestations, from Shakespeare to William Morris, from Coethe alld the Brothers Grimm to Nietzsche, from
Rousseau and Chateauhriand to Hugo, was an attempt to restore the
essential activities of human life to a central place in the new scheme,
instead of aecepting the machine as a center, and holding all its
values to be final and ahsolute.
In its animus, romanticism was right; for it represented those vital
and historic and organic attributes that had Leen deliberately eliminated from the concepts of science and from the methods of the
earlier technics, and it provided necessary c'hannels of compensation.
Vital organs of life, which have been amplltatl'd through hi~toric
accident. must be restored at least in fal't:l y. a-- preliminary to their
actual rebuilding in fact: a psychosis is sOllwlimps the only po~sihle
alternative to complete disruption and death. Unfortun:ltdy, in its
comprehension of the force!' that were at work in socit·ty the romantic
movement was weak: overcome by the callous destruction that at·
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tended the introduction ~f the ~achine, it did not distinguish between
the forces that were hostile to hfe and those that served it, but tended
to lump t?em all in the same co~partment, and to turn its back upon
them. In ~ts efIo~t to fin~ remedIes f~~ the dire weakness and perversions of mdustnal society, romanticism avoided the very energies
by which alone it could hope to create a more sufficient pattern of
existence--namely, the energies that were focussed in science and
technics and in the mass of new machine·workers themselves. The
romantic movement was retrospective, walled·in, sentimental: in a
word, regressive. It lessened the shock of the new order, but it was,
for the greater part, a movement of escape.
But to confess this is not to say that the romantic movement was
unimportant or unjustified. On the contrary, one cannot comprehend
the typical dilemmas of the new civilization unless one understands
the reason and the rationale of the romantic reaction against it, and
sees how necessary it is to import the positive elements in the
romantic attitude into the new social synthesis. Romanticism as an
alternative to the machine is dead: indeed it never was alive: but
the forces and ideas once archaically represented by romanticism
are necessary ingredients in the new civilization, and the need today
is to translate them into direct social modes of expre sion, instead
of continuing them in the old form of an unconscious or deliberate
regression into a past that can be retrieved only in phantasy.
.
The romantic reaction took many forms: and I shall con Ider
only the three dominant one : the cult of history and nationali~,
the cult of nature and the cult of the primitive. The same period
saw likewise the ~ult of the isolated individual, and the revival of
old theologies and theosophies and supernaturalisms, which owed
their existence and much of their strength no doub~ to thea:.:
denials and emptinesses that prompted the more speCIally ro
revivals: but it is next to impossible to distinguish clear~y " . .B
the continued interests of religion and their modem reVlV.....
shall confine this analysis to the romantic reactiOl1 proper
plainly accompanied and probably grew out of the D
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ult of th Pa t

The cult "of thc pl t. did not. immediately develop in re ponse

to tlll"' llld lUll; It wa • In Italy, lin atLempt to re',lIme thp it/ pas and
forms of del ic ci\·ilization. lind durillg the Ht lIa (,t'Il ('t lh~ cult
\a , in fact, a .ort of "e ret ally to til, muchill('. Did it not, lik,' the
machine, ch.dlellge the validity of the existillg traditions in Loth
philo ophy and daily life? Did it not give more authori ty to the
manu~ ript of. nrient authors, to Hero of Alexandria in physics,
to Yitruvill~ in architecture, to Columella in farming, than it did to
the existing body of tradition and the practices of contemporary
ma ten;? Did it not, by breaking with the immediate past, encourage
tll future to break with the present?
The recovery of the ("lassie past during thc Renascence caused
a break in the hLtoric l'ontinuity of We tern Europe~ and this gap,
which opened in education and the formal art', made a breach of
which the machine promptly took advantage. Dy the eighteenth cen.
tury tlle Rena rence culture itself was steri] ized: pedanticized, forma lized: it gave itself over to the recovery and reproduction of
d ea d forms; a nd though a Poussin or a Piranesi could revitalize
these form s with a little of the flair and confidence that the men of
the late fift eenth century had felt, the neo·classic and the mechanical
pla yed into each other's hands: in the Fense of being divorced from
life, the fir ~ t was even more mechanical than mechanism itself. It
is not perhaps altogether an accident that at a distance the palaces
of Versaille and St. P e tersburg have the aspect of modern factory
buildings. When the cult of the past revived again, it was directed
against both the arid huma nism of the eighteenth century and the
equally arid dehumani sm of the m echa n ical age. 'W illiam Blake,
with his usual true in stinct for f unda menta l differences, attacked
with equal vehemence Sir Joshua Reynold s a nd S ir Isaac Newton.
In the eighteenth century a cultured man wa s one who knew his
Greek and Latin classics; an enlightened man was one who regarded
any part of the globe as suitable for human habitation, provided
that its laws were just and their administration impartial; a man of
taste was one who knew that standards of proportion and beauty in
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a rcflitectu re alHl sculpture and painting had been fixed forever b
f customs and traditions, the
y
.
cl assic prece dent . '1'1I e 1"IVlllg tIssue
0
ve rna r:ular arc hitect ure, the folkways and the folk·tale , the vulgar
langllages anel d ialects that were spoken outside Paris and Londonall thebe things were looked upon by the eighteenth century gentleman
as a rna s of fo llies aud harbarisms. Enlightenment and progress
meant the spreadi ng of London, Paris, Vienna, Berlin, Madrid, and
St. Petershurg over wi der and wider areas.
Thank's to the domi nance of the machine, to books and bayonets,
to printed calicos and mi, sionary pocket.handkerchiefs, to brumma·
gem jewelry and cutlery and beads, a layer of this civilization began
to spread like a fi lm of oil over the planet at large: machine tex·
tiles supplanted hand·woven ones, aniline dyes eventually took the
place of vegetable dyes locally made, and even in distant Polynesia
calico dresses and stove·pipe hats and shame covered up the proud
bodies of the natives, while sy philis and rum, introduced at the same
time as the Bible, added a special physical horror to their degrada.
tion. Wherever this fi lm of oil spread, the living fish were poisoned
and their bloated bodies rose to the surface of the water, adding
their own decay to the stench of the oil itself. The new mechanical
civilization respected neither place nor past. In the reaction that it
provoked place and pa st were the two aspects of existence that were
over·stressed.
.
This reaction appea red definitely in the eighteenth century, JUst
at the moment that the paleotechnic revolution was gett~ng under w~y.
It began as an attempt to take up the old threads of hfe at the POlOt
where the Rena scence had dropped them: it was thus a return to
the 1\l iddle Ages and a re·reading of their significance, ahsu~dly by
Wal pole, coldly by Robert Adam, graphically by ~cott, falthf~!
by von Scheffel, esthetically by Goethe and Blake.' ~loulslYh by~
and the members of the Oxford movement, morahstIcal Yd Yrch'~.
. ,
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, ex t ra"'agant interest in classic forms and themes and its snobbish
Its
parade of classic allusions, while t~e ~ost poign~nt emotions Were

embod ied in the local ballads 111at stIlllmgered on III the countryside.
By 111is "gothic" revival a slight check was placed upon the centralizing, exploitative, and de-regionalizing processes of the machine
civilization. Local folk lore and local fairy tales were collected by
scholars like 11le Brothers Grimm and historically minded novelists
like Scott; local monuments of archaeology were preserved, and the
glorious stained glass and wall paintings of the medieval and early
Renascence churches were saved here and there from the glazier
and plasterer, still erasing these remnants of "gothic barbarity" in
the name of progress and good taste. Local legends were collected:
indeed, one of the most remarkable poems of the romantic movement, Tam O'Shanter, was written merely,to serve as letterpress for
a picture of Alloway's auld haunted kirk. Most potent of all, local
languages and dialects were pounced upon, in the very act of dying,
and restored to life by turning them to literary uses.
The nationalist movement took advantage of these new cultural
interests and attempted to use them for the purpose of fortifying the
political power of the unified nationalist state, that mighty engine
for preserving the economic status quo and for carrying out imperialistic policies of aggression among the weaker races. In this manner,
amorphous entities like Germany and Italy became self-conscious
and realized a certain degree of political self-sufficiency. But the
new interests and revivals struck much deeper than political nationalism, and were more concentrated in their sphere of action: moreover,
t~ey touched aspects of life to which a mere power politics was as in·
dIfferent as was a power economics. The creation of nationalist stales
w~s essenti,ally a movement of protest against alien political powers,
WIelded wI.thoul the consent and participation of the governed: a
~rotest ~gamst the largely arbitrary political groupings of the dynast~c p~nod. But the nations, once they achievecl independent na'
. , }'Ism
bonalIty, speedily bega n WI'th th
e 'mtro d
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of coal.mdustna
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growth of a more intensive and 'clf-eonscious regionalism that the
process began to work in the oppo. ite direction.
The revival of place interests and language interests, focusst'll
in the new appreciation of regional history, is one of the definite
characteristics of nineteenth century culture. Because it was in direct
couflict with the cosmopolitan free·trade imperialism of the leading
economic thought of the period-and politi<.:al economy had a hal·
lowed status among the social sciences during this period, because
of its useful mythological character-this new rt'gionalism was
never carefully appraised or sufficiently appreciated in the early
days of its existence. Even now it is still often looked upon as a
queer aberration: for plainly it doe not fit in altogether with the
doctrines of industrial world·conquest or with tho~e of ·'progress."
The movement did not in fact crystallize, despite the valuable preliminary wmk of the romantics, until the middle of the nineteenth
century; and instead of disappearing with the more universal triumph
of the machine it went on after that with accelerating speed and intensity. First France: then Denmark: now every part of t~le w~rld
has felt at least a tremor of the countering shock of regIOnalIsm,
sometimes a definite upheaval.
,
,
.
At the beginning, the main impub-e came from t~le lustonc re~l.ons
whose existence was threatened by the mechalllcal and .polttical
unifications of the nineteenth celltury, The movement had mdeed a
definite beginning in time. namely 1854; in that year occurred the
fir::-t meeting of the Felibrjgi~tes, who gatllered together for th~ pur. tI1e I anguage an d tl Ie autonomous cultural hfe bof
pose of restonng

Provence. The Provenc;al language had all but been destroyed ~
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to go through the same process of de-regionalization as those that
had had no separate national existence; and it was only with the

,.

TECHNICS AND CIVILIZATION

This movement has gone through a similar set of stages in every
country where it has taken place: in Denmark, in Norway, in Ireland,
in Catalonia, in Brittany, in Wales, in Scotland, in Palestine, and
similar signs are already visible in various regions in North America.
There is, as M. Jourdanne has put it, at first a poetic cycle: this
leads to the recovery of the language and literature of the folk, and
the attempt to use it as a vehicle for contemporary expression on
the basis of largely traditional forms. The second is the cycle of
prose, in which the interest in the language leads to an interest in
the totality of a community's life and history, and so brings the
movement directly onto the contemporary stage. And finally there is
the cycle of action, in which regionalism forms for itself fresh objectives, political, economic, civic, cultural, on the basis, not of a
servile restoration of the past, but of a growing integration of the
new forces that have attached themselves to the main trunk of tradi.
tion. The only places where regionalism has not been militantly self.
conscious are places like the cities and provinces of Germany in
which-until the recent centralization of power by the Totalitarian
State an autonomous and effective local life had never entirely
disappeared.
The besetting weakness of regionalism lies in the fact that it is in
part • blind reaction against outward circumstances and disruptions,
. . attempt to find refuge within an old shell against the turbulent
of the outside world, armed with its new engines: in short,
. _ . flom what is, rather than an impulse toward what may
• ..ely sentimental regionalist, the past was an absolute.
was to fix lOme definite moment in the past, and to keep
and over again, holding the "original" regioaaJ
bWln in fact merely the fashion of a certain cent!
forma of architecture, which were mn
eon1ely constructions at a certain mOl
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one of the worst blows to internationalism was that struck b th
pedants of the
when in their worship of the
abandoned scholastIc Latm, the universal language of the learned
classes.
But a!o~g with this pragmatic development of a common tongue
~ more mtimate l~ng~age is needed for the deeper sort of cooperatIon and commUnIcatIon. Languages equipped for this special cultural purpose have been spontaneously growing up or reviving all
over the Western World from the middle of the nineteenth centur
onwards. Welsh, Gaelic, Hebrew, Catalan, Flemish, Czech,
wegian, Landsm3al, Africaans are some of the languages that are
either new, or have been renovated and popularized recently for
combined vernacular and literary use. 'W hile the growth of travel
and communication will doubtless lead to a consolidation of dialects ,
reducing, say, the three hundred odd languages of India to a handful
of major languages, it is already being counteracted by the opposite
process of re-differentiation: the gap between English and American
is much wider now than it was when Noah Webster codified the
slightly more archaic American forms and pronunciations_
There is no reason to think that any single national language can
now dominate the world, as the French and the English people have
by turns dreamed: for unless an international language can be made
relatively fixed and lifeless, it will go through a babel-like differentiation in precisely the same faJlion as Latin did. It is much more
likely that bi-lingualism will become universal-that is, an arranged
and purely artificial world-language for pragmatic and scientific
uses, and a cultural language for local communication.
The revival of these cultural languages and literatures and the
stimulation of local life that has resulted from their use, must be
counted as one of the most effective measures society has taken for
protection against the automatic processes of machine civilization.
Against the dream of universal and complete standardiza tion, the
dream of the universal cockney, and of one long street, called the
Tottenham Court Road or Broadway threading over the globe, and of
one language spoken everywhere and on all occasions-against this
now archaic dream one must place the fact of cultural re-individua·
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8: The Return to Nature
The historical revival of regionalism was re-enforced by another
movement: the Return to Nature.
The cultivation of nature for its o\VIl sake, and the pursuit of
rural modes of living and the appreciation of the rural environment
became in the eighteenth century one of the chief means of escaping
the counting house and the machine. So long as the country was
uppermost, the cult of nature could have no meaning: being a part
of life, there was no need to make it a special object of thought. It
was only when the town~man found himself closed in by his methodical urban routine and deprived in his new urban environment of
the sight of sky and grass and trees, that the value of the country
manifested itself clearly to him. Before thi<:.. an occa ional rare
adventurer would seek the solitude of the mountains to cultivate his
soul: but in the eighteenth century J ean-J acques Rousseau, preaching
the wisdom of the peasant and the sanity of the simple rural occupations, led a whole succession of generations outside the gates of their
cities: they botanized, they climbed mountains, they sang peasant
song~, the;' swam in the moonlight. they helped in the harve t fiel~;
and tho~e who could afford to built themselves rural retreats. TIus
impulse to recapture nature had a powerful influence upon the cultivation of the environment as a whole and upon the development of
cities: hut I reserve this for discussion in another book.
The important thing is to realize that at the very moment life
was becoming more constricted and routinized, a great afety valve
for the ahoriginal human impulses had been found~the raw, u~e plored, and relatively uncultivated regions of America and Africa,
and even the less formidahle islands of the South Seas: abo e aD.
the most steadfast of primitive environments, the ocean h~~
thrown open to the discontented and the adven~urou 0. F~l
accept the destiny that the inventors and the IDduatriali
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one of the worst blows to internationalism was that struck by th
pedants of the Rella.::;cenc~ when in t~leir worship of the classics the;
abandoned scholastIc Lat1l1, the ulllversal language of the learned

tion. While the reaction has often been blind and arbitrary, it has
been no more so than the equally "forward·looking" movements it
was attempting to halt. Behind it lies the human need to control the
machine, if not at the point of origin, then at the point of application.

classes.
But along with tllis pragmatic development of a common tongue
a more intimate language is needed for the deeper sort of coopera.
tion and communication. Languages equipped for this special cuI.
tural purpose have been spontaneously growing up or reviving all
over the Western ~rorld from the middle of the nineteenth century
onwards. Welsh, Gaelic, Hebrew, Catalan, Flemish, Czech, Nor.
wegian, Landsm3al, Africaans are some of the languages that are
either new, or have been renovated and popularized recently for
combined vernacular and literary use. While the growth of travel
and communication will doubtless lead to a consolidation of dialects ,
reducing, say, the three hundred odd languages of India to a handful
of major languages, it is already being counteracted by the opposite
process of fe·differentiation: the gap between English and American
is much wider now than it was when Noah Webster codified the
slightly more archaic American forms and pronunciations.
There is no reason to think that any single national language can
now dominate the world, as the French and the English people have
by turns dreamed: for unless an international language can be made
relatively fixed and lifeless, it will go through a babel·like differen·
tiation in precisely the same fashion as Latin did. It is much more
likely that bi.lingualism will become univer aI-that is, an arranged
and purely artificial world·language for pragmatic and scientific
uses, and a cultural language for local communication.
The revival of these cultural languages and literatures and the
stimulation of local life that has resulted from their use, must be
counted as one of the most effective measures society has taken for
protection against the automatic processes of machine civilization.
Against the dream of universal and complete standardization, the
dream of the universal cockney, and of one long street, ca11ed the
Tottenham COUlt Road or Broadway threading over the globe, and of
one language spoken everywhere and on all occasions-against this
now archaic dream one must place the fact of cultural re·individua·
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8: The Return to Nature
The historical revival of regionalism was re·enforced by another
movement: the Return to ature.
The cultivation of nature for its own sake, and the pursuit of
rural modes of living and the appreciation of the rural environment
became in the eighteenth century one of the chief mean' of escaping
the counting house and the machine. So long as the country was
uppermost, the cult of nature could have no meaning: being a part
of life, there was no need to make it a special object of thought. It
was only when the town~man found him<:clf clo~ed in by his methodical urban routine and deprived in his new urhan environment of
the sight of sky and grass and trees, that the value of the country
manifested itself clearly to him. Before thi-.;, an occasional rare
adventurer would seek the solitude of the mountains to cultivate his
soul: but in the eighteenth century Jean·Jacques Rousseau, preaching
the wisdom of the peasant and the sanity of the simple rural occupa·
tions, led a whole succession of generations outside the gates of their
cities: they botanized, they climbed mountains, they sang peasant
songs, they swam in the moonlight. they helped in the harvest fiel~;
and thoe who could afford to built them!:ielves rural retreats. ThiS
impulse to recapture nature had a powerful influence upon the cultivation of the environment as a whole and upon the development of
cities: hut I reserve this for discussion in another book.
The important thing is to realize that at the very moment life
wa' becoming more constricted and routinized, a great safety valve
for the ahoriginal human impul-.es had been found-:-the raw, u~ex.
plmed, and relatively uncultivated region~ of Amenca and Africa,
and even the less fo~midahle islands of the South Sea : above all
the most steadfast of primitive environments, the ocean, h~~ been
thrown open to the discontented and the adventurou . Fallinl
.
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creating, failing to welcome the comforts and the conveniences of
civilized existence and accept the high value placed upon them by
the reigning bourgeoisie, those who possessed hardier virtues and
a quicker sense of values could escape from the machine. In the
forests and grasslands of the new worlds they could wring a living
from the soil, and on the sea they could face the elemental forces of
wind and water. Here, likewise, those too weak to face the machine
could find temporary refuge.
This solution was perhaps almost a too perfect one: for the new
settlers and pioneers not merely satisfied their own spiritual needs
by colonizing the less' inhabited areas of the globe, but in the act
of 80 doing they provided raw materials for the new industries,
they likewise afforded a market for their manufactured goods, and
they paved the way for the eventual introduction of the machine.
Rarely have the inner impulses of different parts of society balanced
80 neatly with the outer conditions of its success: rarely has there
been a social situation which was satisfactory to so many different
types of personality and so many varieties of human effort. For a
brief hundred years-roughly from 1790 to 1890 in North America,
aDd perhap. a little earlier and a little later for South America and
land piolleer and the industrial pioneer were in close
The thrifty, aggressive, routinized men built their fae_~ their workers: the tough, sanguine, spirited,
{ought the aborigines, cleared the land, scoured
a d clove the virgin soils with their plows. If
9PIJ0111mities were still too tame and respectable,
. . and solidarities were disregarded and old
were horses to be roped on the pampas,
ermeylvania, gold was to be found in
and tea to be planted in the ~
~..... of Africa or in the coldest ...AW'I
by bite men, seeking load
_leII from their 0

ing Nature. For millions of men and women, the new
the moment of submission. By accepting the shacklea
could evade for a brief while the complicated interet__
the machine civilization. The more humane or fanatic tw...\
company of their fellows, could even make an equally UHlII
to realize their dream of the perfect society or the Hea".,t.:
from the Shaker colonies in New England to the Motu."
there stretched a weak faint line of perfectionista, -ina to
vent both the aimless brutality of nature and the more
brutality of man.
Movements as vast and complex as the migration of 1*.....,
the seventeenth to the twentieth century cannot of coune . . . .for by a single cause or a single set of circumttaacu.
of population-growth by itself is not sufficient to expla
merely did the movement precede the growth, but
pressure was considerably eased in Europe by
the potato, the improvement of the winter cattle
overthrow of the three-field system, at tile ,.....
exodus to the new world was greatly accel._L
plained on purely political terms al an
ecclesiastical and political institutionl, or
Lreathe the free unpolluted air of
was it merely a practical workiac
Nature, although Rousseau had p •
Rousseau and acted Rousseau •
name. But all these moti
from social compulsion. the
to return to nature; and
provided both the excuee
the new mechanical ciYi
World. To shoot, to
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their plain animal vigor as men and women, temporarily freed from
the duties of a more orderly and servile existence.
Within a short century this savage idyll practically came to an
end . The industrial pioneer caught up with the land pioneer and the
latter could only rehearse in play what his forefathers had done out
of sheer necessity. But as long as the opportunities were open in the
unsettled cou ntries, people took advantage of them in numbers that
would be astounding if the blessings of an orderly, acquisitive, me·
chanized civilization were as great as the advocates of Progress
believed and preached. Millions of people chose a lifetime of danger,
heroic toil, deprivation and hardships, battling with the forces of
Nature, rather than accept life on the terms that it was offered alike
to the victorious and the vanquished in the new hives of industry.
The movement was in part the reverse of that great organizing effort
of the eleventh a nd twelfth centuries which cleared the forests and
marshes and erected cities from one end of Europe to the other: it
was rather a tendency to disperse, to escape from a close, systematic,
cultivated life into an open and relatively barbarous existence.
With the occupat ion of the remaining open lands, this modern
movement of population tapered off, and our mechanical civilization
lost one of its main safety valves. The most simple human reaction
that fear of the machine could provoke running away from it- had
ceased to be possible without undermining the basis of livelihood.
So complete has the victory of the machine been during the last gen·
eration that in the periodic exodus from the machine which takes
place on holidays in America the would-be exiles escape in motor cars
and carry into the wilderness a phonograph or a radio set. And ulti·
mately, then, the reaction of the pioneer was far less effective, though
it so soon found practical channels, than the romanticism of the poets
and architects and painters who merely crea ted in the mind the ideal
image of a more humane life.
Yet the lure of more primitive conditions of life, as an alternative
to t?e machine, remains. Some of those who shrink f r om the degree of
socIal ~ontrol necessary to operate the machine r ationally, are noW
busy. WIth plans for scrapping the machine and returning to a bare
subSIstence level in little island utopias devoted to sub-agriculture
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and sub·manufacture.
The advocates of these measures f or returning
. ,.
" IS not
to the pnmJtIve forget only one fact : what they are proposlI1g
an adventure, but
. a bedraggled retreat" not a release I)lit a con £,
eSSlOn
of complete
failure,
They propose to return to the ph YSlca
' 1 conUltlom;
.1' ,
.
"
of pwneer
.1
. , eXIstence
' . wllhout the positive spiritual I'ln pll1~e t1lat maue
the ongmal.
cond It10ns'
tolerable and the original effo 1-t S POSS}'bl e. 1£
wch defeatism hecomes v. Idesplead it would me"u n some tl1ll1g
' more
than the collapse of tlte machine: it would mean the end of tlIe present
cycle of Western Ci\ilizlltion.
9: Organic and "M echanical Polarities
DUling tl e century and a half tha t fo llowed Rou s~eau the cult of
the primitive took many forms. J oining up with hi storical romanti·
cism, which had other roots., it cxpre ... sed it... elf on the imaginative
level as an iJltere~t in the folk art-- and in the products of primitive
people, no longer di..,mis"ed a, crude and barLarou~. hilt valued
preci<;ely for thc ... e qual itie .... "hich \, ere oft en con~pi c llou"ly lacking
in more highly developed commun it ie ... ~ot bv accident "3 the in·
terest in the alt of the African negroe.;:. one of the manife!'-tations of
this cult in our century. the product of the same glOUp of Parisian
painters who accepted "i tb utmost heartincss the new forms of the
machine: Congo maintained the balance against the molor works
and the suhway.
Rut on the wider pla tfo rm of personal behuyior. the primitive
disclo",ed ibel£ during the twentieth century in the insurgence of :o'ex.
The erotic dances of the P olvnes
. ia ns. the erotic music of the Afri('an
negro tribe~, the~e ca ptmed the imagination and presided over the
recreation of the mecha nically disciplined urhan masse" of Western
Ci ilization, reach ing their swiftest de\'t'lopment ill the cnited State,
the country th at had mo~t illsi ~tently fostt'red mechanical gadgets
and mechanical rontines. To the once dominantly masculine rela .
a lioll of d runkennc~::; wa s added the h"tero-sexIIJ I relaxation of the
da nce a 1111 the erotic t'mhrac('. two pha ..t''' of tIlt' t'xual aet that "ere
now performed In public. The reaction ~re\\' in proportion to t~ ~.
lem al re~traint imposed by the day's grim): but in~lead of ennchmg
th f! erotic life alld providing deep organic .. ali~fadion ,the rom-
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pensatory measures tended to keep sex at a constant pitch of stimula.
tion and ultimately of irritation: for the ritual of 1'exual excitation
pervaded not merely recreation but business: it appeared in the oflice
and the advertisement, to remind and to tantalize without providing
sufficient occasions for active release.
The distinction between sexual expression as one of the modes of
life and sex as a compensating element in a monotonous and restricted existence must not be lost, even though it be difficult to define.
For sex, I need hardly say, manifested itself in hoth forms during
this period, and with the positive side of this development and its
many fruitful and far-reaching consequences, I purpose to deal at
length in another place. But in its extreme forms, the compensatory
element could easily he detected: for it was marked by an abstractness and a remoteness, derived from the very environment that the
populace was desperately trying to escape. The weakness of these
primitive compensations disclosed itself in the usually synthetic
obscenities of the popular joke, the remote glamor of the embraces
of moving picture stars, the voluptuous contortions of dancers on the
stage and of experiences taken in at second or third hand through the
bawdy mimicry of the popular song or, a little closer to reality,
snatched hastily and furtively at the end of an automobile ride or a
fatiguing day in the office or the factory. Those who escaped the
anxiety and frustration of such embraces did so only by deadening
their higher nerve-centers by means of alcohol or by the chemistry
of some form of psychal anesthesia which took the outward form of
coarseness and debasement.
In brief, most of the sexual compensations were little above the
level of abject fantasy; whereas when sex is accepted as an important
~ode of life, lovers reject these weak and secondary substitutes for
It, and devote their minds and energies to courtship and expression
themselves: necessary steps to those enlargements and enrichments
. . . IUblimations of sex that alike maintain the species and energize
entire cultural heritage. It was a miner's son, D. H. Lawrence,
;uilllled most sharply between the degradation of sex whieh
it il merely a means of getting away from the sordid
aad oppressive dullness of a low-grade industrial town
';;;':\:j~>,
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and the exhilaration that arilet
celebrated in its own right.
The weakness of the sexual reJla
indeed uulike that which overtook the
body through sport. The impulse that
justified; but the form it took did DOt
the original ('ondition: rather, it became
which the original condition wal realed1
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As the machine tended toward the pe1e
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The effect of this return to the absolute primitive, like ~o mally
other neurotic adaptations that temporarily bridge the l'ha~m, JeveL.
ops stresses of its own which tend to push the two side~ of exi~tellce
still further apart. That hiatus limits the efficiency of the cOl1lpcn~a.
tory reaction: ultimately it spells ruin for the civilization that seeks
to maintain the raw mechanical by weighting it with the raw prim.
itive. For in its broadest reaches, including all those cultural interests
and sentiments and admirations which su~tain the \,ork of thc sci.
entist, the technician, the artist, the philosopher, even \\ hen they do
not appear directly in the particular work it 'elf-in it~ broadest
reaches this civilization cannot be run by barbarians. A hairy ape
in the stokehold is a grave danger signal: a hairy ape on the britlge
means ~peedy shipwreck. The appearance of such apes, in the forms
of those political dictators who attempt to accomplish by calcula ted
brutality and aggression what they lack the intelligence and magnanimity to consummate by more humane direction, indicates on what
an infirm and treacherous foundation the machine at present rests.
For, more disastrous than any mere physical destruction of machines
by the barbarian is his threat to turn off or divert the human motive
power, discouraging the cooperative processes of thought and the
disinterested research which are responsible for our major technical
achievements.
Toward the end of his life Herbert Spencer viewed with proper
alarm the regression into imperialism, militarism, servility that he
sawall around him at the beginning of the pre~ent century; and in
truth he had every reason for his forebodings. But the point is that
these forces were not merely archaic survivals that had failed to be
extirpated by the machine: they were rather underlying human elements awakened into stertorous activity by the very victory of the
machine as an absolute and non-conditioned force in human life.
The machine, by failing as yet-despite neotechnic advances-to
allow sufficient play in social existence to the organic, ha ~ opened the
way for its return in the narrow and inimical form of the primitive.
Western society is relapsing at critical points into pre-eivilized
modes of thought, feeling, and action because it has acquiesced too
ealily in the dehumanization of society through capitali t exploitation
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anJ military conquest. The retreat into the primitl've 1'"'" In
•
sum a
maudlin errort to avoid the more basic and infinitely more diffie'ult
transformation which our thinkers and leaders and doers have lacked
the candor to face, the intelligence to contrive, and the will to effeetthe transition beyond the historic forms of capitalj~m and the equally
limited original forms of the machine to a life-centered economy.

10: Sport and the "Bitch-goddess"
The romantic movements were important as a corrective to the
machine because they called attention to essential elements in life
that were left out of the mechanical world-picture: they themselves
prepared some of the materials for a richer synthesis. But there is
within modern civilization a whole series of compensatory functions
that, so far from making better integration possihle. only serve to
stabilize the existing state-and finally they them!:-ehe ' become part
of the' very regimentation they exiH to combat. The chief of these
institutions is perhaps mass-sports. One may defme these sports as
those forms of organized play in which the spectator is more important than the player, and ill which a good part of the meaning is
lost when the game is. played for itself. Mass-sport is primarily a
spectacle.
Unlike play, mass-sport usually requires an element of mortal
chance or hazard as one of its main ingredient~: but instead of the
('hance's occurring spontaneou::-ly. as in mountain climbing, it must
take place in accordance with the rules of the game and must ~
increased when the spectacle begin~ to bore the spectators. Play 10
onc form or another i!:i found in every human society and among
a great many animal ~pel'ies: but spo11 in the sense of a mass-s~
tade, with death to add to the underlying excitement, comes mto
(>xj~tenec wlu>1l a population has been drilled and regimented ~
depres"ed to such an extent that it needs at least a vicari?us parta:
pation ill diflicult feat .. of strength or skill or h~roism 10 order
sustain its waning life-sense. The demand for Clrc~seS, and __
the mild<'f spectacles are still insufficiently life-arou a?g. the delllI
for 5adi~tic exploits and finally for blood is characterl&t1C of
tion that are losing their grip: Rome under the Caesars,
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the time of Montezuma, Germany under the Nazis. These forms of

surrogate manliness and bravado are the surest signs of a collective
impotence and a pervasive death wish. The dangerous symptoms of
that ultimate decay one finds everywhere today in machine civilization under the guise of mass-sport.
The invention of new forms of sport and the conversion of play
into sport were two of the distinctive marks of the last century: baseball is an example of the first, and the transformation of tennis and
golf into tournament spectacles, within our own day, is an example
of the second. Unlike play, sport has an existence in our mechanical
civilization even in its most abstract possible manifestation: the crowd
that does not witness the ball game will huddle around the scoreboard in the metropolis to watch the change of counters. If it does
not see the aviator finish a record flight around the world, it will listen
over the radio to the report of his landing and hear the frantic shouts
of the mob on the field: should the hero attempt to avoid a public
reception and parade, he would be regarded as cheating. At times,
as in horse-racing, the elements may be reduced to names and bettin'g
odds: participation need go no further than the newspaper and the
betting booth, provided that the element of chance be there. Since the
principal aim of our mechanical routine in industry is to reduce the
domain of chance, it is in the glorification of chance and the une'"(·
pected, which sport provides, that the element extruded by the machine returns, with an accumulated emotional charge, to life in
general. In the latest forms of mass-sport, like air races and motor
races, the thrill of the spectacle is intensified by the promise of
immediate death or fatal injury_ The cry of horror that escapes from
. . crowd when the motor car overturns or the airplane crashes ia
aot rme of surprise but of fulfilled expectation: is it not fund amen·
. .. the lake of exciting just such bloodlust that the competition
.II8Id and widely attended? By means of the talking picture
aad that thrill are repeated in a thousand thea
8"" mrld .1 a mere incident in the presentation of
dy habituation to blood·letting and
accompanies the spread of the ...
in it milder forma,
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the demand for more massive and desperate exhibition. of
Sport presents three main elements: the spectacle, the com li". .
and the personalities of the gladiators. The spectacle itself introcl
the esthetic element, so often lacking in the paleotechnic indubrial
environment itself. The race is run or the game is played within a
frame of spectators, tightly massed: the movements of this ma...
cries, their songs, their cheers, are a constant accompaniment of
spectacle: they play, in effect, the part of the Greek chorua .
new machine-drama, announcing what is about to occur and.__
lining the events of the contest. Through his place in the cho
spectator finds his special release: usually cut off from cloee ph_1ft
associations by hi impersonal routine, he is now at one with. p
tive undifferentiated group. His muscles contract or relax .
progre'<s of the game, his breath comes quick or slow, hheighten the excitement of the moment and increase hi D·aterBal._:',
of the drama: in moments of frenzy he pounds hi nei&Jabor'
emhrace him. The spectator feels himself contributina
ence to the victory of his side, and sometimes, more
to the enemy than encouragement to the friend, he
exercize a visible effect on the contest. It is a relief from
role of taking orders and automatically illinl them. of
by means of a reduced "I" to a mapi&ed "It,tt
arena the spectator has the illusion of heiDI
and utilized. Moreover, the spectacle itae1f is one
factions for the esthetic sense that the IIUl
those that have no key to any other fo
knows the style of his favorite COIIlteltad"
knows the characteristic line or pa
to the bowler, the pitcher,
a view, not only to hi succell·
itself. This point has
applies to every form of IDOl
between the d . for
outcome: the macuatiC.
•
ow JD
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of the spectator and increases his zest for gambling: whippet.racing
and horse-racing are as effective in this relation as games where a
greater degree of human skill is involved. But the habits of the
mechanical regime are as difficult to combat in sport as in the realm
of sexual behavior: hence one of the most significant elements in
modern sport is the fact that an abstract interest in record.making
has become one of its main preoccupations. To cut the fifth of a
second off the time of running a race, to swim the English channel
twenty minutes faster than another swimmer, to stay up in the air
an hour longer than one's rival did-these interests come into the
competition and turn it from a purely human contest to one in which
the real opponent is the previous record: time takes the place of a
visible rival. Sometimes, as in dance marathons or flag-pole squatlings, the record goes to feats of inane endurance: the blankest and
dreariest of sub-human spectacles. With the increase in professionalized skill that accompanies this change, the element of chance is
further reduced: the sport, which was originally a drama, becomes
an exhibition. As soon as specialism reaches this point, the whole
performance is arranged as far as possible for the end of making
possible the victory of the popular favorite: the other contestants
are, so to say, thrown to the lions. Instead of "Fair Play" the rule
now becomes "Success at Any Price_"
Finally, in addition to the spectacle and the competition, there
GOIDeI onto the stage, further to differentiate sport from play, the
DeW type of popular hero, the professional player or sportsman. He
AI specialized for the vocation as a soldier or an opera singer: he
"en1~8 virility, courage, gameness, those talents in exercizing
....maDding'the body which have so small a part in the new
regimen itself: if the hero is a girl, her qualities must
iD character. The sports hero represents the masculine
complex, .1 the popular motion picture actress or
represents Venul. He exhibits that com1&te1U' vainly aspires. Instead of beinI
iptbhJe beiDa, because of the

reet_
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the summit of the amateur's effort, not at pleasure but at
eflieielll'Y. The hero is handsomely paid for his efforts, as well as
heing rewarded by praise and publicity, and he thus further restores
to :-;port il~ ('onllcdion with the very commercialized existence from
which it is SlI pposed to provide relief-re~tores it and thereby sanctifies it. Tile few heroes who resist this vulgarization-notably LindLergh-fall into popular or at least into journalistic di favor, for
they are only playing the less important part of the game. The really
l"Ut'!'C ::-flll sports hero, to sati::-fy the rna s·demand, must be midway
between a pander and a prostitute.
Sport, then, in this mechanized society, is no longer a mere game
empty of any reward other than the playing: it is a profitable bU8i·
ne~s: millions are invested in arenas, equipment, and players, and
the ma intenance of sport become as important as the maintenance
of any other form of profit.making mechani'lll. And the technique of
mass,spo11 infects other activities: scientific expeditions and I'll"
graphic explorations are conducted in the manner of a speed
or a prizefight-and for the same reasoll. Bu iness or ~reatiOD
mass spectacle, sport is alway a means: even when it i reduced
athletic and military exercizes held with grent pomp within the IDC.~··.~.
arenas, the aim is to gather a record-breaking crowd of penon ~~'!.'9'i
and spectators, and thus testify to the ucce or impoirtaliCe
movement that is repre ented. Thus port, which begaa
perhaps, as a spontaneous reaction against the madU
one of the ma.s-duties of the machine age. I
versal regimentation of life-for the sa of_HI
alistic exploit-from which its e cit lIleat
only a superficial release. Sport ha turned
of the least effective reactions again
other 'reaction Ie 8 effective in '
well as the most di a trou 1 __
rt'pn'~ ellts

_lit

on_
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of conflict would presume .a unanimity that exists only in placentals
between embryos and theIr female parents. The desire to achieve
that kind of unity is one of the most patently regressive characteristics
of totalitarian states and other similar attempts at tyranny in smaller
groups.
But war is that special form of conflict in which the aim is not
to resolve the points of difference but to annihilate physically the
defenders of opposing points or reduce them by force to submission.
And whereas conflict is an inevitable incident in any active system of
cooperation, to be welcomed just because of the salutary variations
and modifications it introduces, war is plainly a specialized perversion of conflict, bequeathed perhaps by the more predatory hunting
groups; and it is no more an eternal and necessary phenomenon in
group life than is cannibalism or infanticide.
War differs in scale, in intention, in deadliness, and in frequency
with the type of society: it ranges all the way from the predominantly
ritualistic warfare of many primitive societies to the ferocious slaug4ters instituted from time to time by barbarian conquerors like
Ghengis Khan and the systematic combats between entire nations
that now occupy so much of the time and energy and attention of
"advanced" and "peaceful" industrial countries. The impulses
toward destruction have plainly not decreased with progress in the
means: indeed there is some reason to think that our original collecting and food-gathering ancestors, before they had invented weapons to aid them in hunting, were more peaceful in habit than their
more civilized descendants. As war has increased in destructiveness,
the sporting element has grown smaller. Legend tells of an ancient
conqueror who spurned to capture a town by surprise at night because
it would be too easy and would take away the glory: today a wellorganized army attempts to exterminate the enemy by artillery fire
before it advances to capture the position.
In almost all its manifestations, however, war indicates a throwback. to an infantile psychal pattern on the part of people who can
no longer stand the exacting strain of life in groups, with all the
neeeuities for compromi&e, give-and-take, live-and-Iet-live, under~""" _adi. and Iympathy that such life demands, and with all the com-
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plexities of adju5tment involved. They seek by the knife and the
gun t~ unravel the social knot. But whereas national wars today are
essentlally collective competitions in which the battlefield takes the
~lace of the market, the ability of war to command the loyalty and
lIlterests of the elltire underlying population rests partly upon its
peculiar p"ychological reactions: it provide an outlet and an emotional release. "Art degraded, imagination denied," as Blake says,
"war governed the nation ."
For war is the supreme drama of a completely mechanized society;
and it has an elemclIt of advantage that puts it high above all the
other preparatory forms of ma -sport in which the attitudes of war
are mimicked: war is real, while in all the other mass-sports there
is an element of make-believe: apart from the excitements of the
game and the gains or losses from gambling, it does not really matter
who is victorious. In war, there i no doubt as to the reality: success
may bring the reward of death just as surely as failure, and it
rna y bring it to the remote't pectator as well as to the gladiators in
the center of the vast arena of the nations.
But war, for tho'e actually engaged in combat, likewise brings
a release from the sordid motives of profit-making and self-seeking
that govern the prevailing forms of business enterprise, including
sport: the action has the significance of high drama. And while warfare is one of the principal sources of mechanism, and its drill
and regimentation are the very pattern of old-style industrial elort,
it provides, far more than the port-field, the necessary compenaatioaa
to thi routine. The preparation of the soldier, the parade, the ....ttness and polish of the equipment and uniform, the preciee molftll. .1l
of large bodies of men, the blare of bugles, the punctuation of
the rhythm of the march, and then, in actual battle itself.
explosion of effort in the bombardment and the charp,
esthetic and moral grandeur to the whole performuace.
or maiming of the body give the drama the
sacrifice , like that which underlies 10 many
rituals: the effort is sanctified and iDteMUIaU
holocaust. For peoples that have lost the - no longer respond with iDtere&t or
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culture, the abandonment of the whole process and the reversion to
crude faiths and non-rational dogmas, is powerfully ahetted by the
processes of war. If no enemy really ~xisted, it would be necessary
to create him, in order to further this development.
Thus war breaks the tedium of a mechanizeu society and relieves
it from the pettiness and prudence of its da il y efforts, hy concentrat_
ing to their last degree both the mechanization of the means of
production and the countering vigor of desperate vital outbursts.
War sanctions the utmost exhibition of the primitive at the same
time that it deifies the mechanical. In modern war, the raw primitive
and the clockwork mechanical are one.
In view of its end products-the dead, the crippled, the insane,
the devastated regions, the shattered resources, the moral corruption,
the anti-social hates and hoodlumisms-war is the most disastrous
outlet for the repressed impuhes of society that has been devised.
The evil consequences have increased in magnitude and in human
distress in proportion as the actual elements of fighting have become
more mechanized: the threat of chemical warfare against the civilian
population as well as the military arm places in the hands of the
armies of the world instruments of ruthlessness of which only the
most savage conquerors in the past would have taken advantage. The
difference between the Athenians with their swords and shields fighting on the fields of :l\Iarathon, and the soldiers who faced each other
with tanks, guns, flame-throwers, poison gases, and hand-grenades
on the Western Front, is the differenre Letween the ritual of the dance
and the routine of the slaughter house. One is an exhibition of skill
and courage with the chance of death present, the other is an exhibition of the arts of death, with the almost accidental hy-product
of skill ann courage. Rut it is in death that these repressed and regimented populations have their first glimpse of effective life; and the
cult of death is a sign of their throwhack to the corrupt primitive.
As a back-fire against mechanism, war, even more tlwn mass-sport,
has increased the area of the conflagration without f'temming its advance. Still, as long as the machine remains an absolutf>, war will
represent for this society the sum of its values and comp(,llsations:
for war brings people hack to the earth, makes tlwl11 face th~ hattIe
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with the elements, unleashes the brute forces of their own nature,
releases the normal restra ints of social life, and sanctions a return
to the primitive in thought and feeling, even as it further sanctions
infalltility in the blind personal obedience it exacts, like that of the
archetypal father with the archetypal son, which divests the latter of
the need of behaving like a respon ible and autonomous personality. Savagery, which we have associated with the not-yet-civilized, is
equally a reversionary mode that arises with the mechanically overcivilized. Sometimes the mechanLm against which reaction takes
place is a com pulsive morality or social regimentation: in the case of
Western peoples it is the too-closely regimented environment we a sociate with the machine. War, like a neurosis, is the destruetivc solution of an unbearable ten"ion and conflict between organic impuhes
and the code and circum~tances that keep one from satisfying them.
This destructive union of thc mechanized and the savage primitive
is the altemative to a mature, humanized culture capable of directing
the machine to the enhancement of communal and personal life. If
our life were an organic whole thi - split and thi perversion would
not be possible, for the order we have embodied i~l machines wo~ld
be more completely exemplified in our personal life, and the pn.m".
.
l-es
u'hich we have diverted or repres~ed by excessive
Impu
S , "
1
Illve

preoccupation with mechanical dey ices, ;,,"ould ha~e llatura~ out e~s
'n their appropriate cultural forms. Until we begm to achIeve thiS
:ulture, however, war will probably remain the con tant
"ne' tIle ,\"a r of national armies, the wars of gangs,
t 1le macI11 •
•
d '11 d
. of cla""es' heneath all, the incessant preparatIOn by n an
wa 1 s
"...
1 . l' f 1
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shadow~!

:~rship-a religion not less grateful because it satisfi~s the mo,":~

' acs and sadists such a disrupted society nece•• rl y
num Ilcr a f pa ranol
produces.

12: The Minor Shock-Absorbers
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reactions would probably have been more numerous and more de·
cisive had it not been for the fact that old haLits of thought and old
ways of life continued in existence: this bridgetl the gap between the
old and the new, and kept the machine from dominating life as a
whole as much as it controlled the routine of industrial activity.
In part, these existing institutions, while they staLilized society, prevented it from absorbing and reacting upon the cultural elements
derived from the machine: so that they lessened the valuable offices
of the machine in the act of mitigating its defects.
In addition to the stabilizing inertia of society as a whole, and to
the many-sided attempts to combat the machine by the force of ideas
and institutional contrivances, there were still other reactions that
served, as it were, as cushions and shock-absorhers. So far from
stopping the machine or undermining the purely mechanical program, they perhaps decreased the tensions that tlte machine produced.
Thus the tendency to destroy the memorials of older cultures, exhibited by the utilitarians in their first vigor of self-confidence and
creative effort, was met in part among the very classes that were most
active in this attack, by the cult of antiquarianism.
This cult lacked the passionate conviction that one period or another of the past was of supreme value: it merely held that almost
anything old was ipso facto valuable or beautjf~l, whether it was
a fragment of Roman statuary, a wooden image of a fifteenth century
.aint, or an iron door knocker. The exponents of this cult attempted
create private environments from which every hint of the machine
... alaent: they burned wooden logs in the open fireplaces of imitaN~ manor houses, which were in reality heated by steam,
"With the help of a camera and measured dra wings, and
where the architect was a little uncertain of his skill
with concealed steel beams. When handicraft articles
from the decayed buildings of the past, they
eilort by belated handworkers: when the dew
down through the middle classes, they
of power machinery in a fashiOli
and iporant: a double prevari-
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Oppressed Ly a mechanical environment they had neither mastered
nor humanized nor succeeded e thetically in appreciating, the ruling
classes and their imitators among the lesser bourgeoisie retreated
from the factory or the office into a fake non-mechanical environmen~
in which the past was modified Ly the addition of physical comforts,
such as tropical temperature in the winter, and springs and padding
on sofas, lounges, Led . Each successful individual produced his own
special antiquarian environment: a private world.
This private world, as lived in Suburbia or in the more palatial
country houses, is not to be differentiated by any objective standard
from the world in which the lunatic attempts to live out the drama in
which he appears to himself to be Lorenzo the Magnificent or
Louis XIV. In each case the difficulty of maintaining an equilibrium
in relation to a difficult or ho tile external world is solved by withdrawal, pe,rmanent or temporary, into a private retreat, untainted
by most of the conditions that public life and effort lay down. These
antiquarian stage-settings, which characterized for the most part the
domestic equipment of the more successful members of the bourgeoisie from the eighteenth century onward-with a minor interlucie
of self-confident ugliness during the high paleotechnic period
these stage-settings were, on a strict psychological inte~
cells: indeed, the addition of "comforts" made them paclded
Those who lived in them were stable, "nonnal," "&dju"'"
In relation to the entire environment in which they
thought and lived, they merely behaved til if they .... ,
neurotic collapse, as if there were a deep conflict
drive and the mechanical environment they
as if they had been unable to reaolve tIaeir
single consistent pattem.
The other side of this co,naerva:a-.
recognize natural chanle w ••
for its own sake, and to haI_
by the machine. Cha",i,.
ficial shape or cob!»". ·~
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mentation came in through an equally heightened and over-stimulated
demand for novelties. In the long run, unceasing change is as monotonous as unceasing sameness: real refreshment implies both uncertainty and choice, and to have to abandon choice merely because
for external reasons a style has changed is to forfeit what real gain
has been made. Here again change and novelty are no more sacred,
no more inimical, than stability and monotony: but the purposeless
materialism and imbecile regimentation of production resulted in the
aimless change and the absence of real stimuli and effective adjustments in consumption; and so far from resolving the difficulty the
resistance only increased it. The itch for change: the itch for movement: the itch for novelty infected the entire sy. tern of production
and consumption and severed them from the real standards and
norms which it was highly important to devise. ~'hen people's work
and days were varied they were content to' remain in the same place;
when their lives were ironed out into a blank routine they found it
necessary to move; and the more rapidly they moved the more
standardized became the environment in which they moved: there
was no getting away from it. So it went in every department of life.
Where the physical means of withdrawal were inadequate, pure
fantasy flourished without any other external means than the word
or the picture. But these external means were put upon a mechanized
collective basis during the nineteenth century, as a result of the cheapened processes of production made possible by the rotary press, the
camera, photo.engraving, and the motion picture. With the spread of
literacy, literature of all grades and levels formed a semi-public
world into which the unsatisfied individual might withdraw, to live a
life of adventure following the travellers and explorers in their
memoirs, to live a life of dangerous action and keen ohservation by
participating in the crimes and investigations of a Dupin or aSherleek Holmes, or to live a life of romantic fulfillment in the love stories
«otic romancel that became everyone's property from the eightC!Dt.l!fyonward. Most of these varieties of day-dream and prihad of course exLted in the pa!;t: now they became part
ebUective apparatus of escape. So important was the
literature al escape that many modern psychol-
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ogists have treated literature as a whole as a mere vehicle of withdrawal from the harsh realities of existence: forgetful of the fact
that literature of the first order, so far from being a mere pleasuredevice, is a supreme attempt to face and encompass reality-an attempt beside which a busy working life involves a shrinkage and
represents a partial retreat.
During the nineteenth century vulgar literature to a large extent
replaced the mythological con tructions of religion: the austere cosmical sweep and the careful moral codes of the more sacred religions
were, alas! a little too much akin to the machine itself, from which
people were trying to escape. This withdrawal into fantasy was immensely re-enforced from 1910 on, by the motion-picture, which
came into existence jU::it when the pressure from the machine was
beginning to bear down more and more inexorably. Public daydreams of wealth, magnificence, adventure, irregularity and spontaneous action-identification with the criminal defying the forces of
order-identification with the courtesan practicing openly the allurements of sex-these scarcely adolescent fantasies, created and projected with the aid of the machine, made the machine-ritual tolerable
to the vast urban or urbanized populations of the world. But these
dreams were no longer private, and what is more ~ey. were no
longer spontaneous and free: they we~~ promptly.capltalIzed on a
the "amusement bu ine s, and established as a vested
vas t sea1e a
d
.h
ell
interest. To create a more liberal life that might O.Wlt out 11
anodyne was to threaten the safety of investments, bUilt on the certainty of continued dullness, boredom and d~feat.
.'
Too dull to think, people might read: t?~ tIred t? read, th~
look at the moving pictures: unable to VISit th~ PIC~:~ eIIl.'.l
might turn on the radio: in any case, they might •
action: surrogate lovers, surrogate heroe~ and ~rollRll"
wealth filled their debilitated and impoverished livea
perfume of unreality into their dwellings. And
became, as it were, more active and human, re)ftIproperties of eye and ear, the huma~
machine as a mode of escape ~a e ten
and mechanical. Unsure of thell' 0
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they carry a phonograph or a radio set with them even on a pIcnic:
afraid to be alone with their own thoughts, afraid to confront the
blankness and inertia of Uleir own minds, they turn on the radio and
eat and talk and sleep to the accompaniment of a continuous stimulus
from the outside world: now a band, now a bit of propaganda, now
a piece of public gossip called news. Even such autonomy as the
poorest drudge once had, left like Cinderella to her dreams of Prince
Charming when her sisters went off to the ball, is gone in ulis mechanical environment: whatever compensations her pre~ent-day counterpart may have, it must come through the machine. Using the machine
alone to escape from the machine, our mechanized populations have
jumped from a hot frying pan into a hotter fire. The shock-absorbers
are of the same order as the environment itself. The moving picture
deliberately glorifies the cold brutality and homicidal lusts of
gangsterdom: the newsreel prepares for battles to come by exhibiting
each week Ule latest devices of armed comhat, accompanied by a few
persuasive bars from the national anthem. In the act of relieving
psychological strain these various devices only increase the final tension and support more disastrous forms of release. After one has
lived through a thousand callous deaths on the screen one is ready
for a rape, a lynching, a murder, or a war in actual life: when the
surrogate excitements of the film and the radio hegin to pall, a taste
of real blood becomes necessary. In short: the shock-absorber prepares one for a fresh shock.
13: Resistance and Adjustment
In all these efforts to attack, to resist, or to retreat from the
machine the observer may be tempted to see nothing more than
the phenomenon that Professor W. F. Ogburn has described as the
"cultural lag." The failure of "adjustment" may be looke'd upon as
a failure of art and morals and religion to change with the same
degree of rapidity as the machine and to change in the same direction.
Thi~ seems to me an essentially superficial interpretation. For
one
l' ~ a d"lTectlOIl opposlte
'h
. may be as
to t e machIne
. thIng' change
.
unport~nt In ensurIng adjustment as change in the same direction,
when It happens that the machine is taking a course that would,
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unless compensated, lead to human deterioration and collapse. For
another thing, this interpretation regards the machine as an independent structure, and it holds the direction and rate of change
assumed by the machine as a norm, to which all the other aspects of
human life must conform. In truth, interactions between organisms
and their environments take place in both directions, and it is just
as correct to regard the machinery of warfare as retarded in relation
to the morality of Confucius as to take the opposite position. In his
The Instinct of Workmanship Thorstein Veblen carefully avoided
the one-sided notion of adjustment: but later economists and sociologists have not always been so unparochial, and they have treated the
machine as if it were final and as if it were something other than the
projection of one particular f'i.de of the human personality.
All the arts and institutions of man derive their authority from
the nature of human life as such. Thi5 applies as fully to technics
as to painting. A particular economic or technical regime may deny
this nature, as some particular social custom, like that of binding
the feet of women or enforcing virginity, may deny the patent facts
of physiology and anatomy: but such erroneous views and usages
do not eliminate the fact they deny. At all events, the mere bulk of
technology, its mere power and ubiquitousness, give no proof whatever of its relative human value or its place in the economy of an
intelligent human society. The very fact that one encounters re~ist
ances, reversions, archaicisms at the moment of the greatest techmcal
achievement--even among those classes who have, from the standpoint of wealth and power, benefited most by the victory o~ the
machine--makes one doubt both the effectiveness and the SuffiCIency
of the whole scheme of life the machine has so far brought ~nto
existence. And who is so innocent today as to think that mala~Just
ment to the machine can be solved by the simple process of Introducing greater quantities of machinery?
.
Plainly, if human life consisted solely In adjustment to the dominant physical and social environment, man would. have left ~
world as he found it, as most of his biological compamons ~av~ done.
the machine itself would not have been invented. Man a 8~r
ability consists in the fact that he creates standards and enda of hie
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own. not given directly in the externa 1 scheme of thing:-., and in ful.
filling his own nature in cooperation with the environment, he creates
a third realm, the realm of the arts, in which tlte two are harmonized
and ordered and made significant. Man is that pali of nature in
which causality may, under appropriate circumstances, give place to
finality: in which the ends condition the means. Sometimes man's
stand ..~rds are grotesque and arbitrary: ulltempered by positive
knowledge and a just sense of his limitations, man is capahle of
deforming the human anatomy in pursuit of a barbarous dream of
beauty, or, to objectify his fears and his tOItured desires, he may
resort to horrihle human sacrifices. But even in these perversions
there is an acknowledgment that man himself in palt creates the
conditions under which he lives, and is not merely the impotent
prisoner of circumstances.
If this has been man's attitude toward N atnre, why shonld he
assume a more craven posture in confronting the machine, whose
physical laws he discovered. whose hody he created, whose rhythms
he anticipated by external feats of regimentation in his own life?
It is absurd to hold that we mu . . t continue to accept the bourgeoisie's
overwhelming concern for power, practical success, above all for
comfort, or that we must passively ab-,orL. without discrimination
and selection-which implies. where necessary, rejection-all the
new products of the machine. It is equally foolish to believe that we
must conform ollr living alld thinking to the antiquated ideological
system which helped create the J1ump.rous brill iant short cuts that
attended the early development of the machilH'. The fl'al question
before us lies here: do these instruments fllrther life and enhance
its values, or not? Some of the results, as I ~hall show in the next
chapter, are admirable, far more admirable even than the inventor
and the industrialist and the utilitarian permiUf'd himself to imagine.
Other aspects of the machine are on the contrary trifling, and still
others, like modern mechanized warfare. are delilwrately antagoni tic to every ideal of humanity-even to the old.fashioned ideal
of the soldier who once risked his life in equal combat. In these latter
caseR, our proLlem is to eliminate or subjugate the machine, unless
e ourselves wi h to he eliminated. For it is not automatism and
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standardization and order that are dangerous: what is dangerous
is the restriction of life that has so often attended their untutored
acceptance. By what inept logic must we bow to our creation if it
be a machine, and spurn it as "unreal" if it happens to be a painting
or a poem? The machine is just as much a creature of thought as
the poem: the poem is as much a fact of reality as the machine.
Those who u~e the machine when they need to react to life directly
or employ the humane arts, are a completely lacking in efficiency
as if they studied mctaphy ics in order to learn how to hake bread.
The question in eat:h case is: what is the appropriate life·reaction?
How far does this or that in~trument further the biological purposes
or the ideal ends of life?
Every form of life, as Patrick Geddes has expressed it, is marked
not merely by adju~tment to the environment, but by insurgence
against the environment: it i both creature and creator, both the
victim of fate and the master of destiny: it lives no less by domination
than by acceptance. In man this insurgence reaches its apex, and
manifests itself most completely, perhaps, in the arts, where dream
and actuality, the imagination and its limiting conditions, the id~al
and the means, are fused together in the dynamic act of expreSSlOn
and in the resultant body that is expressed. As a being with a social
heritage. man belongs to a world that includes the past and the future,
in which he can by his selective efforts create passages ~nd e~d8 ~ot
derived from the immediate situation, and alter the blmd direction
of the senseless forces that surround him.
.
To recognize the:;e facts is perhaps the first step t~ward de::
. 11 .th the mach ine We must abandon our fUlile and lame
ratlOnn y WI
' .
l'f .
1
iDto
able dodges for resisting the machme by stu tl ymg re apsel_ •
savagery, by recour e to anesthetics ~nd .shock-absorbers. 'l"Iwu.r
they temporarily may relieve the stram, 111 the end ~Y .dD
harm than they avoid. On the other hand, the m~8t ob~~.
cates of the machine mu t recognize the .underlYlDI hum
of the Romantic protest against the machme: ~ el_embodied in literature and art in the romantiC
tial parts of the human heritage that can not be
they point to a synthesis more comprehenai:
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throuP the organs of the machine itself. Failing to create thie
synthesis, failing to incorporate it in our personal and communal life,
the machine will be able to continue only with the aid of shock.
absorbers which confirm its worst characteristics, or with the com·
pensatory adjustment of vicious and barbaric elements which will,
in all probability, ruin the entire structure of our civilization.

CHAPTER VII.

1: New Cultural Values
The tools and utensils used during the greater put of
were, in the main, extensions of his own orp.;,.:
have--what is more important they did DOt .. e• .
independent existence. But though they were aD iDtiI
worker, they reacted upon his capacities,
his skill, teaching him to respect the natal'f ..
which he was dealing. The tool broqbt m.R
with his environment, not merely beca...
it, but because it made him lecopi. . .
In dream, he was all powerful: ita leU
weight of stone and cut ltenea DO
In the book of wisdom tile
peasant wrote, if they did
sense, technica has he n,-·
cipline and ed1lCltMm.
vent his anpr OR •
wheelt, in the

aha._

mow: hut tile
oftho
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Because of their independent sonrce of power, and their semi.
automatic operation even in their cruder forms, machines have
seemed to have a reality and an independent existence apart from
the user. Whereas the educational values of h:1J1dicrafl were mainlv.
in the proce:"s, those of the machine were largely in the preparatory
design: hence the process iLt;elf was understood only by the machin·
ists and technicians responsible for the design and operation of the
actual machinery. As production became more mechanized and the
discipline of the factory became more impl'l'~onal and the work itself
became less rewarding, apart from such slight opportunities for social
intercourse as it furthered, attention was centered more and more
upon the product: people valued the machine for its external achieve·
ments, fur the number of yards of cloth it wove, for the number of
miles it carried them. The machine thus appeared purely as an
external instrument for the conquest of the environment: the actual
forms of the products, the actual collaboration and intelligence manifested in creating them, the educational possibilities of this impersonal
cooperation it-;elf-all these elements were neglected. We assimilated
the objects rather than the spirit that produced them, and so far
from respedillg that spirit, we again and again attempted to make
the ohjef·ts themselves seem to be something other than a product
of the machine. We did not expect heauty through the machine any
more than we expected a higher ,;;tandard of moral ity from the
laboratory: yet the fact remains that if we seck an authentic sample
?f.a new ~sthetic or a higher ethic during the nineteenth century it
IS In tcchmcs and science that we will perhaps m05t easily find them.
The practical men themselves were the very persons who stood in
the ~ay of our recognizing that the significance of the machine was
?ot hmited to its practical achievements. For, on the terms that the
Inventors and industriali ts considered the machine, it did not carry
over from the factory and the marketplace into any other department beco
of human life ' except
I ' . . that techmcs
.
Juld
.
as a means. T
le pOSSILIllty
me a. creatIve force, carried on hy its own momentum,
:.,.11.. rapIdly ordering a new kind of environment and was pro-

itd

ate midway between nature and the humane arts
merely a quicker way of achieving old ends but a~
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effective ,:,ay of expressing new ends-the possibility in short that
the machillc furthered a ncw mode of living was far from the minds
of those who actively promoted it. The industrialists and engineers
themselves did not helieve in the qualitative and cultural aspects of
the machine. In their indifference to these a peets, they were just as
far from apprec.iating the nature of the machine as were the Romantics: only what the Romantic.s, judging the machine from the
standpoint of life, regarded as a defect the utilitarian boasted of
as a virtue: for the latter the absence of art was an assurance of
practicality.
If the machine had really lacked cultural values, the Romantics
would have been right, and their desire to seek these value, if need
be, in a dead past would have been ju tified by the very desperateness
of the case. But the intere::-ts in the factual and the practical. which
the industrialist made the ~ole key to intelligence, were only two in
a whole series of new values that had been called into existence by
the development ~f the new technics. l\1atters of fact and practice
had usually in previous civilizations been treated with snobbish contempt by the leisured classes: as if the logical ordering of propositions were any nobler a technical feat than the articulation of rna·
chines. The interest in the practical was symptomatic of that wider
and more intelligible world in which people had begun to live, a
world in which the taboos of class and caste could no longer be considered as definitive in dealing with events and experience. Capitali~m and technics had both acted as a solvent of these clota of
prejudice and intellectual confusion; and they were thus at fi
portant liberators of life.
From the beginning, indeed. the most durable conquetta of
machine lay not in the instruments themselves, which quickly • •
outmoded, nor in the goods produced, which quickly were _ ....
but in the modes of life made possible via the machine
machine: the cranky mechanical slave f t• •leo •
the machine increased the servitude of aeni1e . . .
promised the further liberation of relelled . .10
thought and effort as no previOUI •.,...
part of the environment, DO eocial
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granted, once the machine had shown how far orde~ and system and
intelligence might prevail over the raw n.atu~e of thmgs.
.
What remains as the permanent contnbutlOn of the machme, car·
ried over from one generation to another, is the technique of coop.
erative thought and action it has fostered, the esthetic excellence of
the machine forms, the delicate logic of materials and forces, which
has added a new canon-the machine canon-to the arts: above all,
perhaps, the more objective personality that has come into existence
through a more sensitive and understanding intercourse with these
new social instruments and through their deliberate cultural assimi·
lation. In projecting one side of the human personality into the
concrete forms of the machine, we have created an independent envi.
ronment that has reacted upon every other side of the personality.
In the past, the irrational and demonic aspects of life had invaded
spheres where they did not belong. It was a step in advance to dis·
cover that bacteria, not brownies, were responsible for curdling milk,
and that an air-cooled motor was more effective than a witch's broom·
stick for rapid long distance transportation. This triumph of order
was pervasive: it gave a confidence to human purposes akin to that
which a well·drilled regiment has when it marches in step. Creating
the illusion of invincibility, the machine actually added to the amount
of power man can exercize. Science and technics stiffened our morale:
by their very austerities and abnegations they enhanced the value of
the human personality that submitted to their discipline: they cast
contempt on childish fears, childish guesses, equally childish asser·
tiona. By means of the machine man gave a concrete and external
and impersonal form to his desire for order: and in a subtle way
he tina, set a new standard for his personal life and his more orgahic
adtlll. Unlen he was better than the machine he would only find
I8elf reduced to its level: dumb, servile, abject, a creature of
..... le8esee and passive un selective responses.
of the boasted achievements of industrialism are
wJille lD8Dy of the goods produced by the rnaevanetcent, its esthetic, its logic, and ita
a durable contribution: they are amonl
pradial results may be admirable
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or dubious: but the method that underlies them has a permanent
importance to the race, apart from its immediate consequences. For
the machine has added a whole series of arts to those produced by
simple tools and handicraft methods and it has added a new realm
to the environment in which the cultured man works and feels and
thinks. Similarly, it has extended the power and range of human
organs and has disc1o&ed new esthetic spectacles, new worlds. The
exact arts produced with the aid of the machine have their proper
standards and give their own peculiar satisfactions to the human
spirit. Differing in technique from the arts of the past, they spring
nevertheless from the same source: for the machine itself, I must
stress for the tenth time, is a human product, and its very abstractions
make it more definitely human in one sense than those humane arts
which on occasion realistically counterfeit nature.
Here, beyond what appears at the moment of realization, is the
vital contribution of the machine. What matters the fact that the
ordinary workman has the equivalent of 240 slaves to help him, if
the master himself remains an imbecile, devouring the spurious newa,
the false suggestions, the intellectual prejudices that play upon hia
in the press and the school, giving vent in tum to tribal alt.doD.
and primitive lusts under the impression that he is the final toII_>"',~~
of progress and civilization. One does not make a child ~. .
placing a stick of dynamite in his hands: one only adds to
of his irresponsibility. Were mankind to remain chUd
exercize more effective power by being reduced to
clay and an old·fashioned modelling tool. But if
of the a ids man has created toward aehieviDI
growth al!d attaining maturity, if he treatI
of his as a challenge to his own d.,.tt_.
fostered by the machine have their 0WIl eGId
mind, and are aids in the orderly
these contributions are vital cmea iI'J.de1lL
such overwhelming dimensiODl •
it sprang out of a disru~
..
help in enlarging the
•
ing a greater synthelia-

en-
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its own poison. So let us consider the mad~ine ~ore closely as an
instrument of culture and examine the ways 111 wluch we have begun,
during the last century, to assimilate it.
2: The Neutrality of Order
Before the machine pervaded life, order was the boast of the
gods and absolute monarchs. Both the deity and his representatives
011 earth had, however, the misfortune to be inscrutable in their
judgment and frequently capricious and cruel in their assertion of
mastery. On the human level, their order was represented by slavery:
complete determination from above: complete subservience without
question or understanding below. Behind the gods and the absolute
monarchs stood brute nature itself, filled with demons, djinns, trolls,
giants, contesting the reign of the gods. Chance and the accidental
malice of the universe cut across the purposes of men and the observable regularities of nature. Even as a symbol the absolute monarch
was weak as an exponent of order: his troops might obey with absolute precision, but he might be undone, as Hans Andersen pointed out
in one of his fairy tales, by the small torture of a gnat.
With the development of the sciences and with the articulation of
the machine in practical life, the realm of order was transferred
from the absolute rulers, exercizing a personal control, to the universe
of impersonal nature and to the particular group of artifacts and
customs we call the machine. The royal formula of purpose--"I
will"-was translated into the causal terms of science--"It must."
By partly supplanting the crude desire for personal dominion by an
impersonal curiosity and by the desire to understand, science prepared the way for a more effective conquest of the external environment and ultimately for a more effective control of the agent, man,
himself. That a part of the order of the universe was a contribution
by man himself, that the limitations imposed upon scientific research
by human instruments and interests tend to produce an orderly and
mathematically analyzable result, does not lessen the wonder and
the, beauty of the system: it rather gives to the conception of the
umverse itself some of the character of a work of art. To acknowl
ecIp the limitations imposed by science, to subordinate the wish to
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the fact, and to look for order as an emergent in
. observed relations,
rather than as an extraneous scheme imposed upon these relationsthese were the great contrihutions of the new outlook on life. Expressing regularities and recurrent series, science widened the area of
certainty, prediction, and control.
By deliberately cutting off certain phases of man's personality, the
warm life of private r-ensation and private feelings and private perceptions, the sciences asj ~ ted in building up a more public world
which gained in acce siLility \\hat it lost in depth. To mea ure a
weight, a distance, a charge of electricity, by reference to pointer
readings establi::.hed within a mechanical system, deliberately constructed for this purpose, was to limit the possibility of errors of
interpretation, and cancel out the differences of individual experience
and private hi::.tory. And the greater the degree of ab,traction and
limitation, the greater was the accuracy of reference. By isolating
simple systems and simple causal sequence the ciences created confidence in the possibility of finding a similar type of order in every
aspect of experience: it was, indeed, by the success of science in the
realm of the inorganic that we have aC(luired whatever belief we may
legitimately entertain in the possibility of achieving similar understanding and control in the vastly more complex domain of life.
The first ~teps in the phy::ical sciences did not go very far. Compared to organic behavior, in which anyone of a given set of stimuli
may create the same reaction, or in which a sin~le stimulus .may
under di fTerent conditions create a number of dtfferent reactIOns,
in which the organi~m as a whole responds and changes at the same
time as the isolated part one seeks to investigate, ~ompared. to
behavior within this frame the mo t complicated phYSical reactIon
is gratifyingly simple. But the point is that by means of the analy~
and instruments developed in the physical sciences and embodl~
in technics, some of the necessary preliminary instrument for bIOlogical and social" exploration have been created. All m~a urement
leBClJII
involve the reference of certain parts of a complex phenom
to a simpler one whose characteristics are relatively indepell.delg _• . ,..",'7
fixed and determinable. The whole personality wa a u
ment for investigating limited mechanical phenomena
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. .,likewise useless for investigating organic systems,
- ·...were animal organisms or social groups. By a procell
. . . .II'III.ent science created a Inore useful type of order: an
to the self. In the long run that special limitation for.
as perhaps no other ~chi~vement in tho~gh~ had done.
the most intense applIcatIons of the SCIentIfic method
.... technology the interests that it satisfied and re-excited, the
'remfor order ~at it expressed, translated themselves in other
document, the exact
More and more factual research, the
•
IIsera
.
ea1oulation became a preliminary to expressIOn. Indeed, the respect
ffIr quantities became a new condition of what had hitherto been
crude qualitative judgments. Good and bad, beauty and ugliness, are
detetmined, not merely by their respective natures but by the quan·
tity one may assign to them in any particular situation. To think
elolely with respect to quantities is to think more accurately about
die uleadja] nature and the actual functions of things: arsenic is a
"ric painl and a poison in ounces: the quantity, the local com·
,.UtLm, aDd the environmental relation of a quality are as important,
10 . " at ita original sign as quality. It is for this reason that a
. . . . of ethical distinctions, based upon the notion of pure and
qualitiea without relation to their amounts, has been instinc·
~ by a considerable part of mankind: while Samuel
....m, tltat every virtue should be mixed with a little of
implyioa as it does that qualities are altered by their
~._i8a letml much closer to the heart of the matter.
has been grossly caricatured by dull
. . . . . by mathematical means to elimi·
. . of complicated social and esthetic situaItt Jed by their mistake into failing to
Il10D that our quantitative technique
remote from the machine.
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for us today nature is no longer an abl101:I_:.r'1
regard nature as if man himself wme DOl iMP
if his modifications of nature were not
natural order to which he is born. Even when ~....
sonality of the machine one must not forpt die
that goes on before man even half completea_
tive and indifferent nature. All the tools maB _ ..
their limited field of vision and their j'lIl&eIIU i,• • •i
and infra-red rays, his hands which can hold ad . _
a limited number of objects at one time, his • •
create categories of twos and threes because, withoul
ing, to hold as many ideas together as a musician . .
of the piano puts an excessive strain upon hie iDte
more his microscopes and balances, all bear the iI". . ._
character. as well as the general characteristict iI'
cal environment. It has only been by a prOC!" of ~_
inference-itself not free from the taint of hia
established the neutral realm of nature. Man . .
nature as that part of his experience which it
and interests: but he with his desires and u'. _. .
his chemical constitution, has been fOllned by
is part of the system of nature. Once he Ma
this realm, as he does in science, the . certainly it is no longer in a state of - ..
In 80 far as the cult of uatun _. :"",...
experience, to discover thlem._
ments, and to contriw DeW
enable them to make flll'l:ba..,
man should be at home
But although the new
intellectual atatu.
ity: it ext",.
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world of desire he carried within. But the new order, the new imper.
sonality, was but a fragment transplanted from the personality as a
whole: it had existed as part of man bdore he cut it off and gave
it an independent milieu and an independent root system. The comprehension and transformation of this impersonal "external" world
of technics was one of the great revelations of the painters and artists
and poets of the last three centuries. Art is the re-enactment of reality,
of a reality purified, freed from constraints and irrelevant accidents,
unfettered to the material circumstances that confuse the essence.
Tht' passage of the machine into art was in iLelf a signal of release-a ~;}gn that the hard necessities of practice, the preoccupation with the
immediate battle was over-a sign that the mind was free once more
to see, to contemplate, and so to enlarge and deepen all the practical
benefits of the machine.
Science had something other to contribute to the arts than the
notion that the machine was an absolute. It contributed, through
it effects upon invention and mechanization, a new type of order to
the environment: an order in which power, economy, objectivity,
the collective will playa more decisive part than they had played
before even in such absolute forms of dominion as in the royal
priesthood-and engineers-of Egypt or Babylon. The sensitive
apprehension of this new environment, its translation into terms
which involve human affections and feelings, and that bring into
play once more the full personality, became part of the mission of
the artist: and the great spirits of the nineteenth century, who first
fully greeted this altered environment, were not indifferent to it.
Turner and Tennyson; Emily Dickinson and Thoreau, Whitman and
Emerson, all saluted with admiration the locomotive, that symbol
of the new order in Western Society. They were conscious of the fact
that new instruments were changing the dimensions and to some
extent therefore the very qualities of experience; these facts were
just as clear to Thoreau as to Samuel Smiles; to Kipling as to H. G.
Wells. The telegraph wire, the locomotive, the ocean steamship, the
very shafts and pistons and switches that conveyed and canalized 01
controlled the new power, could awaken emotion as well as the harp
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and the war-horse: the hand at the throttle or the switch was no less
regal than tile hand that had ollce held a scepter.
The second contribution of the scientific attitude was a limiting
one: it tended to destroy the lingf'ring m)1hologies of Greek goddesses and Christian heroes and saints; or rather, it prevented a
naive aJl(I l'f>IH,titious use of the e symbol'. But at the same time, it
di!:>closecl new universal ymbol, and widened the very domain of
the symho1 il ~ elf. This proces. took place in all the arts: it affected
poetry as well a architecture. The pursuit of science, however, suggested new myths. The tran formation of the medieval folk-legend
of Dr. Fau ~ tu from Marlowe to Goethe, with Faust ending up as a
builder of canals amI a drainer of :,wamps and finding the meaning
of life in ~hecr activity, the tran formation of the Prometheus myth
in Melville's 't\loby Dick, te"tify not to the destruction of myths by
positive knowledge but to their more pre~nant application. I can only
repeat here what I have SLtid in another p1ace: "What the scientific
sp'irit ha actually done has bef'n to exerci!'e the imagination in finer
ways than the autistic wi h-the wi h of the infant po e~sed of the
illusions of power and domination-wa able to express. Faraday's
ability to conceive the lines of force in a magnetic field was quite
as great a triumph as the ahility to conceive of fairies dancing in
a ring: and, ::\lr. A. N. Whitehead has shown, the poets who sympa·
thized with this new ~ort of imagination. poets like Shelley. Wordsworth, 'Whitman, Melville, did not feel them elves robbed of their
specific powers. hut rather found them enlarged and refreshed.
"One of the finest love poem::- in the nineteenth century, Whitman's
Out of the CraJle Endle~:o.ly Rocking, is expressed in such an image
u, D~Hwin or Audubon mig}lt have used, were the scientist as capable
of expressing his inner feelings as of noting 'exte~nal' event :. the
poet haunting the sea hore and observing the matmg o! the b.rch.
day aftt'r day following their life, could scarcely have eXl ted before
the ninl'leenth century. In the early seventeenth century such a __
would have remained in the garden and written about a
ghost, Philome1. and not about an actual pair of bi,I'QIJ;
time the poet would have remained in the librar and
the birds on a lady's fan. Almost all the impo
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nineteenth century were cast in this lllode and expn . . ed. the Ilf'W
imaginative range: they respect the fad: they lire replete with oL {'rvation: they project an ideal realm in and through, n~t transc{'udentall over the landscape of actuality. Notre Dame nught It lYe been
y
,
. 1 . '1'1 1-1 .
written by an historian, War and Peace by a SOCIO Oglst, Ie Ulot
might have been created by a psychiatrist, and Salamrnbo might
have been the work of an archaeologist. I do not say that these
books were scientific by intention, or that they might be replaced
by a work of science without grave loss; far from it. I merely point
out that they were conceived in the same spirit; that they belong to
a similar plane of consciousness."
Once the symbol was focussed. the task of the practical art5
became more purposive. Science gave the artist and the technician
new objectives: it demanded that he respond to the nature of the
machine's functions and refrain from seeking to express his personality by irrelevant and surreptitious means upon the objective
material. The woodiness of wood, the glassiness of glass, the metallic
quality of steel, the movement of motion-these attributes had been
analyzed out by chemical and physical means, and to respect them
was to understand and work with the new environment. Ornament,
conceived apart from function, was as barbarous as the tattooing of
the human body: the naked object, whatever it was, had its own
beauty, whose revealment made it more human, and more close to
the new personality than could any amount of artful decoration.
While the Dutch gardeners of the seventeenth century had often,
for example, turned the privet and the box into the shapes of animals
and arbitrary figures, a new type of gardening appeared in the
twentieth century which respected the natural ecological partnerships, and which not merely permitted plants to grow in their natural
shapes but sought simply to clarify their natural relationships: scientific knowledge was one of the facts that indirectly contributed to
the esthetic pleasure. That change symbolizes what has been steadily
happening, sometimes slowly, sometimes rapidly, in all the arts.
For finally, if nature itself is not an absolute, and if the facts of
external nature are not the artist's sole materials nor its literal
imitation his guarantee of esthetic success, science n:vertheless gives
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him the assurance of a partly independent realm which defines the
limits of hi OW1I working powers. In creating his union of the
inner world and the outer, of his passions and affections with the
thing that exi ts, the artiH need not remain the passive victim of his
lwurotic caprices and hallucinations: hence even when he departs
from some external objective form or some tried convention, he still
has a common measure of the extent of his deviation. While the
determinism of the object-if one may coin a phrase--is more emphatic in the mechanical arts than in the humane ones, a binding
thread runs through both realms.
Co-ordinate with the intellectual a~5imilation of the machine by
the technician and the artist, which camf! partly through habit, partly
through workaday experience, and partly through the extension of
systematic training in science, came the esthetic and emotional apprehension of the new environment. Let us consider this in detail.
3: The Esthetic Experience of the Machine
The developed environment of the machine in the twentieth century has its kinship with primitive approximations to this order in
the castles and fortifications and bridges from the eleventh to the
thirteenth centuries, and even later: the bridge at Toumay or the
brickwork and vaults of the Marienkirche at Lubeck: these earliest
touches of the practical have the same fine characteristics that the
latest grain elevators or steel cranes have. But the new characteristics
now touch almost every department of experience. Observe the derricks, the ropes, the stanchions and ladders of a modern steamship,
close at hand in the night. when the hard shadows mingle obliquely
with the hard white shapes. Here is a new fact of esthetic experience;
and it must he transposed in the same hard way: to look for gradation
anJ atmosphere here is to miss a fresh quality that has emerged
through the use of mechanical forms and mechanical modes of lighting. Or stand on a deserted subway platform and conte~plate the
low cavity becoming a black disc into which, as .the t.ram ~let
toward the station, two green circles appear as pm-polDlS Wlden_..
into plates. Or follow the spidery repetition of boundary
defining unoccupied cubes, which make the skeleton of I
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skyscraper: an effect 110t given even in wood befo~e machine-sawed
beams were possible. Or pass along the waterfront 111 Hamburg, say,
and review the line of gigantic steel birds with spread legs that
preside over the filling and emptying of the vessels in the basin:
that span of legs, that long neck, the play of movement in this vast
mechanism, the peculiar pleasure derived from the apparent lightness combined with enormous strength in its working. never existed
on this scale in any other environment: compared to these cranes
the pyramids of Egypt belong to the order of mud-pies. Or put your
eye at the eyepiece of a microscope. and focus the high-powered
lens on a thread, a hair, a section of leaf, a drop of blood: here is
a world with forms and colors as varied and mysterious as those one
finds in the depths of the sea. Or stand in a ,,,arehouse and observe
a row of bathtubs, a row of siphons. a row of bottles, each of identical size, shape, color, stretching away for a quarter of a mile: the
special visual effect of a repeating pattern, exhibited once in great
temples or massed armies, is now a commonplace of the mechanical
environment. There is an esthetic of units and series, as well as an
esthetic of the unique and the non-repeatable.
Absent from such experiences, for the most part, is the play of
surfaces, the dance of subtle lights and shadows, the nuances of
color, tones, atmosphere, the intricate harmonies that human bodies
and specifically organic settings display-all the qualities that belong
to the traditional levels of experience and to the unordered world
of nature. But face to face with t}lese new machines and in:-.truments,
with their hard surfaces, their rigid volume. their stark shapes, a
fresh kind of perception and pleasure emerges: to interpret this
order becomes one of the new tasks of the arts. While these new
qualities existed as facts of mechanical industry, they were not generally recognized as values until they were interpreted by the pa inter
and the sculptor; and so they exi ted in an ilHlifferent anonymity
for more than a century. The new forms were sometimes appreciated,
perhap , as symbol of Progres : hut art, as Heh, is valued for
what it is, not for what it indicates, and the ort of att~ntion needed
for .the appreciation of art was largely lacking in the industrial
environment of the nineteenth century, and except for the work
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of an occasional engineer of great talent, like Eiffel, was looked
upon with deep suspicion.
At the very moment when the praise of industrialism was loudest
and most confident, the environment of the machine was regarded
as inherently ugly: so ugly that it mattered not how much additional
ugliness was created by litter, refuse, slag-piles, scrap metal, or reo
movable dirt. Just as Watt's contemporaries demanded more noi 'e
in the steam engine, as a proclamation of power, so did the paleotechnic mind glory, for the most part, in the anti-esthetic quality
of the machine.
The Cubists were perhaps the fir. t school to overcome this association of the ugly and the mechanical: they not merely held that
beauty could be produced through the machine: they even pointed
to the fact that it had been produced. The fir:,t exprcs ion of Cubism
indeed dates back to the seYenteenth century: Jean Bapti~te Bracelle,
in 1624, did a series of Biza rrcrie~ which depicted mechanical men,
thoroughly cubi~t in conception. 'fhi anticipated in art, as Glanvill
did in science, our latcr intere~t and inventioni'. \v1Hlt did the
modern Cubists do? They extracted from the organic environment
just those elements that could be stated in abstract geometrical symbols: they transposed and readju ted the content' of vision as freely
as the inventor readjusted organic fUllctions: they even created on
canvas or in metal mechanical equivalents of organic objects: Leger
painted human figures that looked as if they had been turned in a
lathe, and Duchamp-Yillon modeled a horse as if it were a machine.
This whole proce-.;s of rational experiment in ab. tract mechanical
forms was pushed fUl1her by the constructivists. Arti t like Graho
and Moholy-Nagy put together pieces of abstract sculpture, compo d
of gla s, metal plates, spiral ~prings, wood, which w~re th~ no~.
utilitarian equivalents of the apparatus that the phy lcal SClentt
was u ing in his laboratory. They created in fonn the emblance of
the mathematical equation and phy ical formulae that bad produced om new environment, seeking in this new sculpture to ob
the phy ical laws of equipo e or to evolve dynamic equi at
the c:olid culpture of the past by rotating a part of the ob1.."
through space.
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The ultimate worth of such efforts did not perhaps lie in the art
itself: for the original machines and instruments ~ere often just as
stimulating as their equivalents, and the new pIeces of sculpture
were just as limited as the machines. No: the ~orth o~ these efforts
lay in the increased sensitiveness to the mechanIcal. envlrol~ment that
was produced in those who understood and apprecIated tlus a~·t. ~he
esthetic experiment occupied a place compara~le ~o the sClen~lfic
t'xperiment: it was an attempt to use a celtam k1ll~ of phY,slcal
apparatus for the pmpose of isolating ~ phello~enon Ul ex p el:lence
and for determining the values of celtam relatIOns: the experIment
was a guide to thought and an approach to action. Like the abstract
paintings of Braque, Picasso, Leger, Kandinsky, these constructivist
experiments sharpened the response to the machine as an esthetic
ohject. By analyzing, with the aid of simple constructions, the effects
produced, they showed what to look for and what values to expect.
Calculation, invention, mathematical organization played a special
role in the new visual effects produced by the machine, while the
constant lighting of the sculpture and the canvas, made possible by
electricity, profoundly altered the visual relationship, By a process
of abstraction the new paintings finally, in some of the painters like
Mondrian, approached a purely geometrical formula, with a mere
residue of visual content.
Perhaps the most complete as well as the most brilliant interpretations of the capacities of the machine was in the sculpture of Brancusi: for he exhibited both form, method, and symbol. In Brancusi's
work one notes first of all the importance of the material, with its
specific weight, shape, texture, color, finish: wIlen he models in
wood he still endeavors to keep the organic shape of the tree, emphasizing rather than reducing the part given by nature, whereas when
he models in marble he brings out to the full the smooth satiny
texture, in the smoothest and most egg-like of forms. The respect
for material extends further into the conception of the subject treated:
the individual is submerged, as in science, into the das : instead
of representing in marble the counterfeit head of a mother and child,
he lays two blocks of marble side by side with only the faintest depreesion of surface to indicate the features of the face: it is by
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relations of volume that he presents the generic idea of mother and
child: the idea in its most tenuous form, Again, in his famous bird
he treats the object itself, in the hrass model, as if it were th;
pis~on, of an engine: the t~pering is as delicate, the polish is as high,
as if 1t were to he fitted mto the most intricate piece of machinery,
in which so much as a few specks of dust would interfere with its
perfect action: looking at the bird, one thinks of the shell of a
torpedo. As for the bird itself, it is no longer any particular bird,
but a generic bird in its most birdlike aspect, the function of flight.
So, too, with his metallic or marble fish, looking like experimental
forms developed in an aviation laboratory, floating on the flawless
surface of a mirror. Here is the equivalent in art of the mechanical
world that lies about us on every hand: with this further perfection
of the symbol, that in the highly polished metallic forms the world
as a whole and the spectator himself, are likewise mirrored: so that
the old separation between suhject and object is now figuratively
closed. The obtuse United States customs officer who wished to
classify Brancusi's sculpture as machinery or plumbing was in fact
paying it a compliment. In Brancusi's sculpture the idea of the machine is objectified and assimilated in equivalent works of art.
In this perception of the machine as a source of art, the new
painters and sculptors clarified the whole i sue and delivered art
from the romantic prejudice againi3t the machine as necessarily hostile to the world of feeling. At the same time, they began to interpret
intuitively the new conceptions of time and space that distinguish
the present age from the Renascence. The course of this development can perhaps be followed best in the photograph and the motion
picture: the specific arts of the machine.
4: Photography as Means and Symbol
The history of the camera, and of its product, the Db*
illustrates the typical dilemmas that have arisen in the dfn.IJ •. ,'<,,',
of the machine process and its application to objects of eldael
Both the special feats of the machine and ita
• -.
are equally manifest.
At first, the limitations of the camera WeJI1t
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. II' t se The photographer • still occupied with difficult photo.
mtc 1gen u, .
chemical and optical problems, did not attempt to ~xtract ,from the
photograph any other values than those rendered nIl.medIately by
the technique itself; and as a result, the grave port,fallure ~f some
of the early photographers, particularly that of Da:ld Oct~vlUS Hill
of Edinburgh, reached a high pitch of excellence: mdeed ~t has not
often been surpassed by any of the later work. As the techmcal prob.
lems were solved one by one, through the use of better lenses, more
!:>ensitive emulsions, new textures of paper to replace the shiny sur·
face of the daguerreotype, the photographer became more conscious
of the esthetic arrangements of the subjects before him: instead of
carrying the esthetic of the light.picture further, he returned timidly
to the canons of painting, and endeavored to make his pictures fit
certain preconceptions of beauty as achieved by the classical painters.
Far from glorying in minute and tangled representation of life,
as the mechanical eye confronts it, the photographer from the eighties
onward sought by means of soft lenses a foggy impressionism, or by
care of arrangement and theatrical lighting he attempted to imitate
the postures and sometimes the costumes of Holbein and Gains·
borough, Some experimenters even went so far as to imitate in the
photographic print the smudgy effect of charcoal or the crisp lines
of the etching. This relapse from clean mechanical processes to an
altful imitativeness worked ruin in photography for a full genera·
tion: it was like that relapse in the technique of furniture making
which used modern machinery to imitate the dead forms of antique
handicraft. In back of it was the failure to understand the intrinsic
esthetic importance of the new mechanical device in terms of its own
peculiar possibilities.
Every photograph, no matter how painstaking the observation of
the photographer or how long the actual exposure, is essentially a
snapshot: it is an attempt to penetrate and capture the unique
esthetic moment that singles itself out of the thous:1llcl of chance
compositions, uncrystallized and insignificant, that occnr in the course
of a day. The photographer cannot rearrange his material on his
own terms. He mu t take the world as he finds it: at mo t his rearrangement is limited to a change in position or an alteration of the
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direction and intensity of the light or in the length of the focus, He
must respect and understand sunlight
tl t'line 0 f d a y,
, , , ' atmo'phere
~
,Ie
the season
, of the year, the capabilities of the machille ' th e processes
of chemical development; for the mechanical devl'(,c does no t f unctIOn
'
automatically, and the resulti:i depend upon the exact correlation of
the e:"thetic moment itself with the appropriate physical means.
But whereas an underlying technitlUe conditions hoth pa inting and
photography-for the painter, too, must respect the chemical com.
position of his colors and the physical conditions which will give
them permanence and vi ibility-photography differs from the other
graphic arts in that the ploce"s is determined at every state by the
external conditions that pre!:>ent themselves: his inner impulse, in·
stead of spreading itself in subjective fantasy, mu~t always be in key
with outer circumstances. A· for the variou::> kinds of montage pho.
tography, they are in reality not photogra phy at all but a kind of
painting, in which the photograph is med-as patches of textiles
are used in crazy.quilts-to form a mo:-aic. Whatever value the
montage may have derive' from the painting rather than the camera.
Rare though painting of the fir~t order is, photography of the
first rank is perhaps even rarer, The gamut of emotion and :-ignifl·
cance represented in photography by the work of Alfred Stieglitz in
America is one that the photographer rardy spans. Half the merit
of Stieglitz' work is dne to his rigorous re:-pect for the limitations
of the machine and to the subtlety with which he effects the com·
hination of image and paper. He plays no trick •• he has no affecta·
tions, not ewn the affectation of being hard·boiled, for life and the
object have their soft moments and their tender aspects. The mi ... ion
of the photograph is to clarify the ohject. This objectification, thi'
clarification, are important developments in the mind it~el£: it i
perha p the prime psyclwlogieal fact that emerges with our rational
a~::.imilatioll of the machine. To see as they are, as if for the first
time, a boatload of immigrant..;, a tree in Madison Square Park, a
woman's breut;t, a cloud lowering over a black mountain--that requires patience and understanding. Ordinarily we kip over and
schematize these objects, relate them to some practical need. or
subordinate them to some immediate wish: photography Ii
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the ability to recognize them in the independent for~ created by
light and shade and shadow. Good photography: then, IS ~ne of the
best educations toward a rounded sense of reaht~. Restormg to the
eye, otherwise so preoccupied with t!le abstractIOns of print, the
stimulus of things roundly seen as tlungs, shapes, colors, textures,
demanding for its enjoyment a previous experience of light and
shade, this machine process in itself counteracts some of the worst
defects of our mechanical environment. It is the hopeful antithesis
to an emasculated and segregated esthetic sensibility, the cult of pure
form, which endeavors to hide away from the world that ultimately gives shape and significance to its remotest symbols.
If photography has become popular again in our own day, after
its first great but somewhat sentimental outburst in the eighties, it
is perhaps because, like an invalid returning to health, we are
finding a new delight in being, seeing, touching, feeling; because in
a rural or a neotechnic environment the sunlight and pure air that
make it possible are present; because, too, we have at least learned
Whitman's lesson and behold with a new respect the miracle of our
finger joints or the reality of a blade of grass: photography is not
least effective when it is dealing with such ultimate simplicities. To
disdain photography because it cannot achieve what EI Greco or
Rembrandt or Tintoretto achieved is like dismissing science because
its view of the world is not comparable to the visions of Plotinus or
the mythologies of Hinduism. Its virtue lies precisely in the fact
that it has conquered another and quite different department of
reality. For photography, finally, gives the effect of permanence
to the tran ient and the ephemeral: photography-and perhaps photography alone-is capable of coping with and adequately presenting the complicated, inter-related aspects of our modern environment. As hi:;tories of the human comedy of our times, the photographs of Atget in Paris and of Stieglitz in New York are unique
both as drama and as document: not merely do they convey to us
the very shape and touch of this environment, but by the angle of
vision and the moment of observation throw an oblique light upon
our inner lives, our hopes, our values, our humours. And this art, of
all our arts, is perhaps the most widely used and the mo t fully
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. have all partlclpated in this eye-opell'mg expenence,
and Hl t}ll~ dl~covcry of that esthetic moment whl'ch IS
" t1 Ie common
property of all experience,
at all it::; various levels fro m ungoverne d
"
dream to brute actlOn and rational iuea.
What has.
been .
said of.
the photograph applies even mOl' e, perh a ps,
to the ~otlO~l p)ct~re. In It~ first exploitation the mol ion picture
emphaslz~d ltS, unJq~e qua,llty: the possibility of abstracting and
reproducmg obJects m motlOn: the simple races and dl<lSeS of the
early pictures pointed the art in the right direction. But in its sub~e
quent commercial development it was degraded a little by the attempt
to make it the vehicle of a short-story or a novel or a drama: a mere
imitation in vision of entirely different arts. So one mu:,t disthlguish
between the motion picture as an indifferent reproductive uevice,
less satisfactory in most ways than direct production 011 the stage,
and the motion picture as an art in it own right. The great achieve·
ments of the motion picture have been in the presentation of hi40ry
or natural history. the sequence of actuality, or in their interpretation of the inner realm of fanta~y, as in the pure comedies of Charlie
Chaplin and Rene Clair and Walt Di::ney. Unlike the photograph,
the extremes of subjectivism and of factualism meet in the motion
picture. Nanook of the North, Chang, the S.S. Potemkin-these pic.
tures got their dramatic effect through their interpretation of an
immediate experience and through a heightened delight in actuality.
Their e_'oticism was entirely accidental: an equally good eye would
ahstract the ame order of significant event::; from the day's routine
of a uLway guard or a factory-hand: indeed, the most consistently
interesting pictures have been those of the new reel--de pite the
insufferable banality of the announcers who too often accompany
them.
Not plot in the old dramatic sense, but historic and geographic
seqllences is the key to the arrangement of the e new kinetic compositions: the passage of objects, -organi~ms, dream image through
time and :space. It is an unfortunate social accident-as has happen (I in 50 many departments of technics-that this art should ba.ve
be '11 gro sly diverted from its proper function by the comrnercUlI
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nece:,;sity for creating sel~timen,ta! sh0:V s ~or an emotional,ly empty
metropolitanized populatlOn, lIvmg VlCanously on the kIsses and
cocktails and crimes and orgies and murders of their shadow-idols,
For the motion picture symbolizes and expre~ses. better than do any
of the traditional arts, our modern world pIcture and the essential
conceptions of time and ~pace which are already part of the unformu_
lated experience of millions of people, to whom Einstein or Bohr
or Bergson or Alexander are scarcely even names.
In Gothic painting one may recall time and space were successive
and unrelated: the immediate and the eternal, the near and the far ,
were confused: the faithful time ordering of the medieval chroniclers
is marred by the jumble of events presented and by the impossibility
of distinguishing hearsay from o,bservation and fact from conjecture.
In the Renascence space and time were co-ordinated within a single
:::ystem: but the axis of these events remained fixed, so to say, within
a single frame established at a set distance from the observer, whose
existence with reference to the system was innocently taken for
granted. Today, in the motion picture, which symbolizes our actual
perceptions and feelings, time and space are not merely co-ordinated
on their own axis, but in relation to an observer who himself, by his
position, partly determines the picture, and who is no longer fixed
but is likewise capable of motion. The moving picture, with its close·
ups and its synoptic vie",,''';, with its shifting events and its ever-present
camera eye, with its spatial forms alway,.; shown through time, with
its capacity for representing object that interpenetrate, and for
placing distant environments in immediate juxtapo~ition-as happens in instantaneolls communication-wilh its ability, finally, to
represent subjective elements, distortions, hallucinations, it i" today
the only art that can represent with any degree of concretenc"s
emergent world-view that differentiates our culture from everv pre·
ceding one.
Even with weak amI trivial suhjects. the art foell-- ec:; intcf(~~ts and
captures valu{'s that the traditional art~ leave ll11tollrhed, i\lu ic alolle
heretofore has represented movement through time: btlt the motion
picture synthe~izes movement through hoth time and PIH'C, and in
the very fact that it can co-ordiilate vi"ual image" with 'oulld and
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release hoth of these
,elements
' ,from the boundar'les 0 £ apparent l'pace
and a fixed , locatIOn, It contnbutes
something t 0 our pIcture
'
'
•
0 f the
world , not given completely
m direct experience • Ut'l'
, our d al'I y
"
1 lzmg
expenencf'
of motIOn In the
railroad train and th e motor car, t\ Ie
"
'
motlOn plcture" re-creates m symLolic form a world th a t'IS ot1lerWl~e
'
beyond our dIrect perceptlOn or grasp. Without any conscious notion
of its destination, the motion picture presents us with a world of
interpenetrating, counter-influencing organism: and it enable us
to think aLout that world with a greater degree of concreteness.
This is no mall triumph in cultural assimilation. Though it ha
been so stupidly misused, the motion picture nevertheless announces
itself as a major art of the neotechnic phase. Through the machine,
we have new possibilities of understanding the world we have helped
to create.
But in the arts, it is plain that the machine is an instrument with
manifold and conflicting possibilities. It may be u ed a a pa'sive
substitute for experience; it maybe used to counterfeit older forms
of a11; it may abo be used, in it, own right, to concentrate and
intensify and express new forms of experience. As substitutes for
primary experience, the machine is worthle'5: indeed it is actually
debilitating. Just as the microscope is u eless unless the eye itself is
keen, so all our mechanical apparatus in the art depends for its
success upon the due cultivation of the organic, phy iological, and
spiritual aptitudes that lie behind its use. The machine cannot be
used as a shortcut to escape the necessity for organic experience.
Mr. W<1ldo Frank has put the matter well: "Art," he says, "cannot
become a language, hence an experience, unless it is practiced. To
the man who plays, a mechanical reproduction of music may mean
much, since he heady has the experience to assimilate. But where
reproduction becomes the norm, the few music makers will grow more
isolate and sterile, and the ability to experience music will di ppear.
The same is true with the cinema, dance, and even sport."
'Whereas in industry the machine may properly replace the hUmI"
heing when he has been reduced to an automaton, in the ...
machine can only extend and deepen man's original full,.·.. "I'
intuitions. In so far as the phonograph and the

radio do 11
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the impulse to sing, in so far as the camera does away with the impulse to see, in so far as the automobile does away with the impulse
to walk, the machine leads to a lapse of function which is but one
step away fro\11 paralysis. But in the application of mechanical
instruments to the arts it is not the machine itself that we must fear.
The chief danger lies in the failure to integrate the arts themselves
with the totality of our life-experience: the perverse triumph of tht'
machine follows automatically from the abdication of the spirit. Consciously to assimilate the machine is one means of reducing its
omnipotence. We cannot, as Karl Buecher wisely said, "give up the
hope that it will be possible to unite technics and art in a higher
rhythmical unity, which," ill restore to the spirit the fortunate serenity
and to the body the harmonious cultivation that manifest themselves
at their be!'\t among primitive peoples." The machine has not destroyed that promise. On the contrary, through the more conscious
cultivation of the machine arts and through greater selectivity in
their use, one sees the pledge of its wider fulfillment throughout
civilization. For at the bottom of that cultivation there must be the
direct and immediate experience of living itself: we must directly
see, feel, touch, manipulate, sing, dance, communicate before we
can extract from the machine any further sustenance for life. If we
are empty to hegin with, the machine will only leave us emptier; if
we are passive and powerless to begin with, the machine will only
leave us more feeble.

5: The Growth of Functionalism
But modern technics, even apart from the special arts that it fostered. had a cultural contribution to make in its own right. Just as
science underlined the respect for fact, so technics emphasized the
importance of function: in this domain, as Emerson pointed out, the
heautiful rests on the foundations of the necessary. The nature of
~his c~mtribution can best be shown, perhap , by descrihing the way
m whIch the prohlem of machine design was first faced, then evaded,
and finally solved.
One of the fir.;;t products of the maehine was the machine itself.
As in the organization of the first factories the narrowly practical
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considerations
were uppermo..,t, and all the other nee d,~ 0 £ teperh
,
sonalIty" were firmly shoved to
. one side . The maCll'l)Ie was a d'Irect
the first cannon ' tlIe fi't 8t crossexpreSSiOn of Its own functIOns:
,
bows, the fi~:,t steam engmes were all nakedly built for action. But
once the prImary problems of organization and operation had been
. ture,
solved, the human factor, • which had been left out of tl Ie pIC
nee (led somehow to be re-lllcorporated. The only precedent for this
fuller integration of form came naturally from handicraft: hence
over the incomplete, only partly realized forms of the early cannon,
the early bridges, the early machine, a meretricious touch of decoration was added: a mere relic of the happy, semi-magical fantasies
that painting and carving had once added to every handi.craft object.
Because perhaps the energies of the eotcchnic period were so completely engrossed in the technical prohlems, it wa5, from the standpoint of design, amazingly clean and direct: ornament flourished
in the utilities of life, flourished often perversely and extravagantly,
but one looks for it in vain among the machine pictured by Agricola
or Besson or the Italian engineers: they are as direct and factual as
was architecture from the tenth to the thirteenth century.
The worst sinners-that is the most obvious sentimentalistsl..were
the engineers of the paleotechnic period. In the act of recklessly deflowering the environment at large, they sought to expiate their failures by adding a few sprigs or po~ies to the new engines they were
creating: they embellished their steam engines with Doric columns
or partly concealed them hehind Gothi.c tracery: they decorated the
frames of their presses anJ their automatic machines with cast-iron
arahesque, they punched ornamental holes in the iron framework of
their new structures, from the trusses of the old wing of the Metropolitan Museum to the base of the Eiffel tower in Paris. Everywhere
similar habits prevailed: the homage of hypocrisy to art. One notes
identical efforts on the original steam radiators, in the floral decorations that once graced typewriters, in the nondescript ornament that
still lingers quaintly on shotguns and sewing machines, even if it has
at length disappeared from cash registers and Pullman cars ~ !~DI
before, in the first uncertainties of the new technics, the same dlVllaoD
had appeared in armor and in cro shows.
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The second stage in machine design wase compromi.se. The ~hject
was divided into two parts. One of them was to be precIsely de Igned
[or mechanical efficiency. The other was to be de igned for look ..
While the utilitarian claimed the working parts of the structure the
e thele wa , so to speak, permitted sligbtly to modify the urfuces
with his unimportant patterns, his plutonic flower..:., hi~ aimle . filigree, provided he did not seriously weaken the ~tructllre or cOlldemn
the function to inefficiency. Mechanically utilizing the rnachin(" thi
type of de ign -hamefully attempted to conct'al the origill that Were
still felt a:; low and mean. The engineer had the ul1easine .;; of a parvenu, and the same impulse to imitate the mo ~t archait' pattcm ' of his
betters.
Naturally the next stage was soon reac11eu: the utilitarian and
the ethete withdrew again to their re~pcelive field~. The ethete,
in i ling with ju:stice that the. trudure wa' intcg r • I with th decoration and that art was something more fundamental th.m the icing
the pa trycook put on the cake, ought to make the old d coralion
real hy altering the nature of the tructurc. Taking hi pInel' a
workman he hegan to revive the purely handicraft method of the
r the abinet maker, the printer, art that had III 'iv d for
rt only in the more backward part of the world, Ilntou hed
and the commercial traveller. TIle old work. h p and
and dying out in the ninpte nth century
England and in America, when new on
der
illiam de lorgan in Englan
1IIt'Pi."., and Lalique in France, or to a mi
t of
illiam 10rri in Engl
ample that the art of
uf ctur r i olated from
I
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esthete ' were logically compelled to restore a medieval ideology ill
order to provid> a social backing for their anti·maeh ill~ b ia . III
a word, the arts and crafts movement d id not grasp tilt; fact that
the new technics, Ly expanding the r 6] of the machine, had ultered
the entire relation of handwork to p rod uction, and that th e exact
processes of the ma chine 'were not necessari ly hosti~e to handicraft
and fine workmanship. In its modern form hUlHhcra ft could no
longer serve as in the past when it had worked under the form of
an inten:;ive caste.special iza tion. To :;urvive, hand icruft would have
to adapt itself to the amateur. and it " as bound to call into existence,
even in pure handwork, those forms of economy and simplicity
which the mach ine was claim ing for its own, and to which it was
adapting mind and hal1l1 and eye. I n this process of re·integration
certain "etf'rnal" form s would be r ecovered: there are hand icraft
forms dating Lack to a distant past which so completely fulfill their
functions that no amount of further calculation or experiment will
alter them for the better..oJ. These type·forms appear and rea ppear
from civiliz:ltion to civilization ; and if they had not been discovered
by handicraft. the machine would have had to invent them.
The ne~ handicraft wa s in fact to receive presently a powerful
lesson from the machine. For the forms created by the machine,
when they no longf'r sought to imita te old superficial patterns of hand·
work, were clo:,er to tho e that could IJe p roduced by the a mateur
than were, for example, the intrica cies of special joints, fine inlays,
matched woods, heads and carvings, complicated forms of metallic
ornament, the boast of handicraft in the past. Wh ile in the fa ctory
the machine was often reduced to producing fak e h andicraft, in the
workshop of the amateur the rever se process could take place with
a real gain: he was liherated by the very simplicities of good machine
forms. Machine technique as a means to achieving a s impl ifi ed and
purified form relieved the amateur from the need of r esp ecting and
imitating the perversely complicatpd patterns of t.he past- patterns
whose complications were partly the re, ult of con piClIOllS waste,
partly the outcome of technical virtuo, ity, and partly the result of
a different state of feeling. But before handi(,raft could thus be
restored as an admirable form of play and an efficacious relief from
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practIcal deSIgn has been completed: it is~nfu~ed into it at every
stage in development. The mind works through the medium of the
machine directly, respect the conditions imposed upon it, and-not
content with a crude qua ntitati ve a pproximation-seeks out a more
positive esthetic fulfillment. This must not be confused with the
dogma, so often current, that any mechanical contraption that works
necessarily is esthetically inte re~ting. The source of this fallacy is
plain. In many cases, indeed , our eyes have been trained to recog.
nize beauty in nature, and with certain kinds of animals and birds
we have an especial sympath y. \\"hen an airplane becomes like a
gull it has the advantage of this long as!3ociation and we properly
couple the beauty with the mechanieal adequacy, since the poise and
swoop of a gull's flight casts in addition a reflective beauty on its
animal structure. H aving no :;uch association with a milkweed seed,
we do not feel the same beauty in the autogyro, which is kept aloft
by a similar p rinciple. 'W hile genuine beauty in a thing of use must
always be joined to mechanical adequacy and therefore involves
a certain a m ount of intellectual recognition and appraisal, the relation is not a simple one t.Jt points to a common source rather than an

(f]

.

.

..

identity.
In the conception of a machine or of a product of the machine
there is a point where one may leave off for parsimonious reallODl
wi th o ut h aving reached esthetic perfection:fat this point perhapa
every mechanical factor is accounted for, a~d the sense of iJJcom.
plctene s is due to the failure to recognize the claims of the buman

a gent. E sthetics carries with it the implication of alte~?ftI hetwren a number of mechanical solutions of equal validity"
unle. s this awareness is present at every stage of the precen.
!:ima Her matters of finish, fineness, trimness, it is not likely
ont with any success in the final stage of design[!orm
IOWI
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tion, underlining it, crystallizing it, clarifying it, making it real to
the eve. Makeshifts and approximations express themselves in incomplete forms: forms like the absurdly cumbrous and ill-adjusted
telephone apparatus of the past, like the old-fashioned airplane,
full of ~truts, wires, extra supports, all testifying to an anxiety to
cover innumerable UnknOl\11 or uncertain factors; forms like the
old automohile in which part after part had been added to the
effective mechanism without having been absorbed into the body
of the design as a whole: forms like our oversized steel-work which
",cre oue to our carelessness in using cheap materials and our desire
to avoid the extra expense of calculating them finely and expending
the necessary lahor to work them up. The impulse that creates a
complcte mechanical object is akin to that which creates an esthetically fini~hed object; and the fusion of the two at every stage in
the process will neces"arily be effected by the environment at large:
who can gauge how much the slatternliness and disorder of the paleotechnic environment undermined good design, or how much the order
and beauty of om neotechnic plants-like that of the Van Nelle
factory in Rotterdam-will eventually aid it? Esthetic interests can
not suddenly be introduced from without: they must be constantly
operative, cOI1-.tantly vi ible.
Expres.ion through the machine implies the recognition of relatively new esthetic terms: precision, calculation, flawlessness, simplicity, economy. Feeling attaches itself in these new forms to
different qualities than those that made handicraft so entertaining.
Success here consists in the elimination of th~ non-esscntia1, rather
than, as in handicraft decoration, in the willing production of
superfluity, contributed hy the worker out of his own delight in the
wo~k. The e1e g.ance of a mathematical equation, the inevitability of a
~enes of phYSIcal inter-relations, the naked quality of the material
Itse~f, the tight logic of th~ whole-these arc the ingredients that
go mto the design of machines: and they go equally into products
that. have
.
In handi-.
. . been proper! )"d'
eSlgneu.J f or mac h'me production.
craft It IS the worker who IS
. representeeI: 'm mac Iline
.
. .It,IS t h e
deSIgn
workJln
handicraft ,ersona
the I)
I touch IS
. emph
'
.
aSlzed,
and the 1m.
prmt of the worker and h'IS t 00 I are b oth"mevltable: In
. machme
.

ASSIMILATION OF THE MACHIN

E

351

work
. the impersonal
. .prevails, and if the worker 1eaves any te1I-tale
eVIdence of hIS part. m the" operation
r. ' it is a defect or a fl a w. Hence
burden of
machme deSIgn IS m the making of t11e ongma
.. 1 pattern:
the
. .
'
It IS here that, tnals are made, that errors are discovered and buried,
that the creatIve process as a whole is concentrated . 0 nee th e masterpattern is set, the rest is routine: he yond the de igning room and
the laboratory there is-for goods produced on a serial basis for a
mass market-no opportunity for choice and per onal achievement.
l Hence apart from those commodities that can be produced automatically, the effort of sound industrial production mu~t be to increase
the province of the designing room and the laboratory, reducing
the scale of the production, and making possible an easier passage
back and forth between the designing and the operative sections of
the plant.
Who discovered these new canons of machine design? Many an
el:3ineer and many a machine worker must have mutely sensed them
and reached toward ihem: indeed, one see~ the beginning of them in
very early mechanical instruments .. But only after centuries of more
or less blind and unformulated effort were the e canons finally demonstrated with a certain degree of completeness in the work of the
great engineers toward the end of the nineteenth century-particularly the Roeblings in America and Eiffel in France-and formulated after that by t eoreticians lik Riedler and Meyer 'n Germany.
The popularization of the new e etic awaited, as I have pointed
out, the post-impressionist painters. They contributed by breaking
away from the ya lues of purely associative art and by abolishing
an undue concern for natural objects as the basis of the painter's
interest: if on one side this led to completer subjectivism, on the
other it tended toward a recognition of the machine as both form
and symbol. In the same directiorl Marcel Duchamp, for example,
who was one of the leaders of this movement, made a collection of
cheap, ready-made articles, produced by the machine, and called
attention to their esthetic soundness and sufficiency. In many c....
the finest designs had been achieved before any consciou I'eCOI"

·th th

. g of a comm,~
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nition of the esthetic had taken pace.
e comm
cialized de. igner, seeking to add "art" to a product which
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the design has more often than 110t becn triflcd with and spoil >d. The
' 'bot.~·III'l10'
()f the kodak the hathroom fl ,'tun .. and the !itcam
st ttl·l lOU~
b
.
,
radiator under such stylicizing is a currcnt commonplace.
The key to this fresh appreciation of the machine as a source
of new es~hetic forms h3';; come through a formulation of its chi(·f
esthetic principle:~he principle of economy.] This pr~nci~)le is ?f
course not unknown in other phases of art: Lut the poml IS that m
mechanical forms it is at all times a controlling one, and it has for
its aid the more exact calculations and measurements that are now
possible. The aim of sound design is to remove from the object, be it
an automobile or a set of china or a room, every detail, every mould·
ing, every variation of the surface, e"ery extra part except that which
conduce:, to its effective functioning. Toward the working out of this
principle, our mechanical habits and our unconscious impulses have
been tending steadily. In departments where esthetic choices are
not consciously uppermo~t our ta~te has often been excellent and
sure. Le Corbusier has been very ingenious in picking out manifold
objects, buried from observation by their very ubiquity, in which thi~
mechanical excellence of form has mallifested itself without pretence
or fumbling. Take the smoking pipe: it is no longer carved to look
like a human head nor does it bear, except among college students,
any heraldic emblems: it has become exquisitely anonymous, being
nothing more than an apparatus for supplying drafts of smoke to
the human mouth from a slow.burning mass of vegetation. Take the
ordinary drinking glass in a chea presta urant: it is no longer cut or
cast or engraved with special designs: at most it may have a slight
bulge near the top to keep one glass from sticking to another in
stacking: it is as clean, as functional, as a high tension insulator. Or
take the present watch and its case and compare it with the forms
that handicraft ingenuity and taste and association created in the
8ixt~enth or seventeenth centuries. In all the commoner ohjeet~ of our
enVIronment the machine canons are instinctively accepted: even the
most sentimental manufacturer of motor cars has not Leen tempted
to paint his coach work to resemble a sedan chair in the style of
Watteau, although he may live in a house in which the furniture and
decoration are treated in that perverse fashion.

.
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Tills stnpplIlg
down to essentials has gone
.
on 10 every department
.
of maclllne work and has touched every aspe t f l'f I '
.1 }
,
C O l e. t IS a fust
step towaru t .lat completer
mtegration of the mac1line
' WIt, h human
"

needs and des1Ies whIch IS the mark
of the neote C,},
.
,
mlc phase, and wlll
be even more the mark
of the blOtechnic period ' <aI,I eauy
.1
"hIe over
' .
VlSl
the edge
" of the honzon. As In the social transition f rom t1Ie pa1eo.
technic to the neotechl1lc order, the chief obstacle to the fuller de.
velopment of the machine lies in the association of taste and fashion
with waste an~ comme:cial proflteering. For the rational develop.
ment of genume techmcal standards, based on function and per.
formance, can come about only by a wholesale devaluation of the
scheme of bourgeois civilization upon which our present system of
production is based.
.....
Capitalism, which along with war played such a stimulating part
in the development of technic , now remains with war the chief
obstacle toward its further improvement. The reason should be plain.
The machine devaluates rarity: in~tead of producing a single unique
object, it is capable of producing a million others just as good as
the master model from v.'hich the rest are made. ,The machine de·
valuates age: for age is another token of rarity, and the machine,
by placing its emphasis upon fitness and adaptation, prides itself on
the brand·new rather than on the antique: instead of feeling comfortably authentic in the mid~t of rust, dust, cobwebs, shaky parts, it
prides itself on the opposite qualities-slickness, smoothness, gloss,
cleanness. The machine devaluates archaic taste: for taste in the
bourgeois sense is merely another name for pecuniary reputability,
and against that standard the machine sets up the standard. of
function and fitlless. The newest, the cheapest, the commonest objects
may, from the standpoint of pure esthetics, be immensely superior
to the rarest, the most expensive, and the most antique. To .uy aU
this is merely to emphasize that the modem technics, .by Its 0 •

'!:

essential nature, imposes a great purification of e~~:
it strips off from the object all the barnacles of ~8SOClatlon.
sentimental and pecuniary values which have nothlDg ,,:haleftl'
with esthetic form, and it focusses attention upon the object
The social devaluation of caste, enforced by the proper
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first introduced I beheve, by La Ique. or tIllS
tena S III Jewe ry,
.
•
.
.
implied a recognition of tIle fact that an esthetlcal!y appropn~te
form even in the adornment of the body, 113s nothIng to do WIth
rarit;. or expense. but is a matter of color, shape, line. texture, fitness,
svml;of The use of cheap cottons in dress by Chanel and her imita.
t~rs, which was another post-war phenomenon, was an equally happy
recognition of the essential values in our new economy: it at last
put our civilization, if only momentarily, ~ll the level o! thosp- primitive cultures which gladly bartered theIr furs and IVOry for the
white man's colored glass beads, by tIle adroit use of which the
savage artist often proved to any disinterested observer that theycontrary to the white man's fatuous conceit-had gotten the better
of the bargain. Because of the fact that~oman's dress has a peculiarly
compensatory role to play in our megalopolitan society, so that it
more readily indicates what is absent than calls attention to' what
is present in it, the victory for genuine esthetics could only be a
temporary one. But these forms of dress and jewelry pointed to the
goal of machine production: the goal at which each object would be
valued in terms of its direct mechanical and vital and social function,
apart from its pecuniary status, the snobberies of caste, or the dead
sentiments of historical emulation.
This warfare between a sound machine estIIetic and what Veblen
has called the "requirements of pecuniary reputability" has still another side. Our modem technology has, in its inner organization,
produced a collective economy and its typical products are collective
products. ~atever the politics of a country may be, the machine is
a communist: hence the deep contradictions and conflicts that have
kept on developing in machine industry 'incc the end of the eighteenth
century. At every stage in technics, the work represents a collahora~ion of innum~rable workers, themselves utilizing a large and ramify109 technologIcal heritage: the most ingenious inventor, the most
brilliant individual scientist, the most skilled designer contributes
but a moiety to the final result. And the product itself necessarily
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bears t he same Impersona Imprmt: it either funct'
. d
" ,
Ions or It oes not
.
functIOn on qUIte Impersonal hnes. There can be no
1"
.

,.
qua IlatlVe dIffer.
d1
ence between a poor man 5 electnc bulb of a given
.
,
. d'
"
can epower and
,
a nch man s, to m lcate theIr dIffering pecuniary t t '
s a us In SOCIety
although there was an enormous difference bet"'ce
'
.. n tllC rushor
stinking tallow of the peasant and the wax. candles or s perm 01'1 use d
by the upper clas. es b~fore ~he coming of gas and electricity.
In so far as pecumary dIfferences are permitted to count in the
machine economy, they can a1ter only the scale of thing~-not, in
terms of present production, the kind. What applie to electric Ii ght
bulbs applies to automobiles: what applies there applies equally to
every manner of apparatus or utility. The frantic attempts that have
been made in America by adverti iog agencies and "designers" to
stylicize machine-made objects have been, for the most part, attempts to pervert the machine process in the interest of caste and
pecuniary distinction. In money-ridden societies, where men play
with poker chips instead of with economic and esthetic realities,
every attempt is made to disguise the fact that the machine has
achieved potentially a new collective economy. in which the posses·
sion of goods is a meaningless distinction, since the machine can
produce all our essential goods in unparalleled qualities, falling on
the just and the unjust, the foolish and the wise, like the rain itself.
The conclusion is obvious: we cannot intelligently accept the
practical benefits of the machine without accepting it moral imp~ra
live" and its esthetic forms. Otherwise both ourselves and our oCIety
will be the victims of a shattering disunity, and one set of purpo es,
that which created the order of the machine, will be con~tantly at
war with trivial and inferior personal impulses bent on working out

in covert ways our psychological weaknesses. Lacking on the w~ole
.
.
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d part of the practlCal
thIS ratIOnal acceptance, we ave os a g o o .
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omy. Its ultimate aim is leisure--that is, the release of other organic
ca pacities. 1
. "
The powerful esthetic side of thIs ~ocla~ process has been o~scured
by speciously pragmatic and pecul1lary 1I1.tercsts that have Ulsertcd
themselves into our technology and have Imposed them-.;elves Upon
its legitimate aims. But in spite of this deflection of effort, we have
at last begun to realize these new value~, these new forms, these new
modes of expression. Here is a new environment-man's extension
of nature in terms discovered by the close observation and analysis
and abstraction of nature. The elements of this environment are hard
and crisp and clear: the steel bridge, the concrete road, the turbine
and the alternator, the gla:.s wall. Behind the fa<;ade are rows and
rows of machines, weaving cotton, transporting coal, assembling
food, printing books, machines with steel fingers and lean muscular
'afms, with perfect reflexes, sometimes even with electric eyes. Along.
side them are the new utilities-the coke oven, the transformer,
the dye vats-chemically cooperating with these mechanical pro·
cesses, l!ssembling new qualities in chemical compounds and rna·
terials.rEvery effective part in this whole environment represents an
effqrt of the collective mind to widen the province of order and con·
trol and provision. And here, finally, the perfected forms begin to
hold human intere"t even apart from their practical performances:
they tend to produce that inner composure and equilibrium, that
sense of balance between the inner impulse and the outeI environ·
ment, which is one of the marks of a work of art. The machines,
even when they are not works of art, underlie our art-that is, our
organized perceptions and feelings-in the way that Nature under·
lies them, extending the basis upon which we operate and cOllfmning
our own impulse to order. The economic: the objective: the collective:
and finall! the integration of these principles in a new conception of
the orgamc--these are the marks, already discemible, of our as imi·
lation of the machine not merely as an instrument of practical action
but as a valuable mode of life.
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6: The Simplification of the Environment
As a practical
instrument, the machine ha s enormousIy compli
"
.
•
cateo the enVIronment.
. I I Wllcn one compares the she11 0 f an eighteenth
will
t Ie tangle of .water·pipes,pIpes,
gas· .
. WlIes
.
century house
"
e1ectnc
. 1
sewers, aena s, ventIlators, heatmg and cooling sy st ems th at compose'
a modern
IlOuse, or when
.
. one compares the cobbl es tones 0 f th e old.
faslll
. oned . street, ~('t dn('ctly on the earth ' with th e cave 01t cahIes,
that run under the a ~'phalt,one h as no
pIpes, and suhway svstems
.
doubt aLout the mechanical intricacy of modern existence.
But preci ely because there are so many physical organs, and
because
many parts of our environment compete con tantly for
our attentlOn, we need to guard our elves against the fatigue of deal·
ing with too many objects or heing timulated unneces arily hy their
presence, as we perform the numNOU offices they impo e. Hence a
simplification of the external of the mechanical world is almost a
prerequi site for dealing 'with it internal complicationso To reduce
the constant succession of stimuli, the environment itself must be
made as neutral as pos ib1e. This, again, is partly in opposition to
the principle of many handicraft arts, where the effort is to hold the
eye, to give the mind something to play with, to claim a special
attention for itself. So that if the canon of economy and the respect
for function were not rooted in modern technics, it would have to be
derh"ed from our psychological reaction to the machine: only by
esthetically observing these principles can the chaos of stimuli be
reduced to the point of effective assimilationo
Without tandnrdization, without repetition, without the neutra1.izing effect of hahit, our mechanical environment might well,
reason of its tempo and its continuous impact, be too fonnildal.',j
departments which have not been sufficiently simplified it • •
the limit of toleration. The machine has thus, in it esthetic
tations, something of the same effect that a conveDti°.al·
manners has in social intercour e: it removes the . . .
and adjustment. The standardization of manneH •
shock.ab orher: it permits intercourse between
to take place without the preliminary eXl~ratl"
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for an ultimate adjustment. In the. province
of
s
.
t h at are re qUI"I'te
esthetics, this simplification has still a further use: It gIves small
deviations and variations from the prevalent norm the psychological
refreshment that would go only with much larger changes under a
condition where variation was the expected mode and standardization
N Whitehead has pointed out that one of
was th e exc eptI'on.Mr
.A
..

our chief literary sins is in thinking of past and future in terms
of a thousand years forward and backward, when really to experience the organic nature of past and future one should think of time
in the order of a second, or a fraction of a second. One can make a
similar remark about our esthetic perceptions: those who complain
about the standardization of the machine are used to thinking of
variations in terms of gross changes in pattern and structure, such
as those that take place between totally different cultures or generations; whereas one of the signs of a rational enjoyment of the machine and the machine-made environment is to be concerned with
much smaller differences and to react sensitively to them.
To feel the difference between two elemental types of window,
with a slightly different ratio in the division of lights, rather than to
feel it only when one of them is in a steel frame and the other is
surmounted by a broken pediment, is the mark of a fine esthetic
consciousness in our emerging culture. Good craftsmen have always
had some of this finer sense of form: but it was confused by the snobbish taste and arbitrary literary standards of form that came into
court life during the Renascence. As the various parts of our environment become more standardized, the senses must in turn become
more acute, more refined: a hair's breadth, a speck of dirt, a faint
wave in the surface will distress us as much as the pea hurt Hans
Andersen's princess, and similarly pleasure will derive from deli·
cacies of adaptation to which most of us are now indifferent. Stand·
ardization, which economizes our attention when our minds have
other work to do, ~erves as the substratum in those depaltments where
we deliberately seek esthetic satisfaction.
In creating the machine. we have set hefore ourselves a positively
inhuman standard of perfection. No matter what the occasion, the
criterion of successful mechanical form is that it should look as if
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no human hand had touched it. In that effort . th I
.
,In at )Ol'st, III that
'.
achievement t h e h uman hand shows itself perha
.
.'
. '
ps, In Its most cunmng mamfestatIOn. And yet ultImately it is to th h
.
.
e uman orgamsm
that we must return to achIeve the final touch of
f'
.
.
per ectlOn: the
.. I .
finest reproductIOn stIll lacks something that the
.
ongll1a pIcture
f
Possessed: the finest porcelaIn produced with the a'd
1 0 every mechanical accessory lacks the perfection of the great ChI' nese potter:'.'
the finest mechanical printing lacks that complete union of bla~k
and white that hand-printing produces with its slower method and
its dampened paper. Very frequently, in machine work, the best
structure is forfeited to the mere conveniences of produC'tion:
given equalJy high standards of performance, the machine can
often no more than hold its o'\vn in competition with the hand product.
The pinnacles of handicraft art set a standard that the machine
must constantly hold before it; but aga in~t this one must recognize
that in a hundred departments examples of supreme ~kill and refinement have, thanks to the machine, become a commonplace. And at
all levels, this esthetic refinement spreads out into life: it appears
in surgery and dentistry as well as in the design of houses and
bridges and high-tension power lines. The direct effect of these
techniques upon the designer.;;, workers, and manipulators cannot be
over-estimated_ Whatever the tag.;;, archaicisms, verbalisms, emotional
and intellectual mi:;chiefs of our regnant system of education, the
machine iLelf as a constant educator cannot be neglected. If during
the paleotechnic period the machine accentuated the hrutality of the
mine. in the llcoteclmic phase it promi. e~. if we usc it intelligently, to
restote the delicacy and sensitivi ty of the organism.
7: The Ohjective Per. anality
Granting these new instruments, this new environment, these new
perceptions and sensations and standards, this new daily routine
the~e new esthetic respon~es-what sort of man come out of mod~rn
technics? Lc Play once a~ked hi ' a~Iditors what wa the rno t
portant thing that came out of the mille; and after one had gu
roal and another iron and another gold, he answered: 0, the m~
important thing that comes out of the mine is the miner. That
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true for every occupation. And today every type of work h as been
. . . .
affected by the machine.
I have already discussed, in terms of theIr 11mItatJOns und renun·
ciations, the type of man that influenced modern mechanization:
the monk, the soldier, the miner, the financier. But the fuller experi.
ence of the machine does not n ecessarily tend to produce a repetition
of these original patterns- althou gh there is plenty of evidence to
show that the soldier and the fin ancier occupy a larger position in
our world today than at perhaps any other time in the past. In the
act of expressing themselves wi th the aid of the machine, th e capa·
cities of these original types h ave been modified and their ch aracter
altered; moreover, what wa s once the innovation of a daring race
of pioneers has now become the settled routine of a vast mass of
people who have taken over the h ab its without having shared any
of the original enthusia sm, and many of the latter still perhap s have
no special bent toward the machine. It is difficult to analyze out such
a pervasive influence a s this: no single cause is at work, no single
reaction can be attributed solely to th e machine. And we who live
in this medium, and who have been fo rmed by it, who constantly
breathe it and adapt ourselves to it, cannot possibly measure the
deflection caused by the medium, still less estimate the drift of
the machine, and all it carries with it, f rom other norms. The only
partial corrective is to examine a more p rimitive cnvironmcnt, as
Mr. Stuart Chase attempted to do ; but even h ere one cannot correct
for the way in which our very questions a nd our scale of values have
been altered by our traffic with the machine.
But hetw'een the personality that wa s mo:-;t effective in the techni·
cally immature environment of the tenth centu ry and th e type that
is. ~ffective today, one may say that the fir't was suhjectively con·
d.ltIoll:d, and that the second is more directly influenced by objective
SItuatIOns. These, at all events, seem to be the tendencies. In both
types of personality there was an external standard of reference: hut
~vhereas the. medieval man determined reality hy the extent to which
It agreed WIth a complicated tis~ue of beliefs, in the ca se of modern
man the final arbiter of judgment is always a set of facts , recourse
to which is equally open and equally satisfactory to all normally
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constltuteu orgamsms.
.l
' It t ose that do not accept such a comm
substratum
nelt ler ra tlOnal argument
nor r a t"lona1 cooperatIOn
. onis
.
.
pOSSIble. Moreover, matters that lIe outside thi ~' vell"fi.·
. terms
catIon 10
of fact have for the modern
. mind a lower order of·lea l'Ity, no matter
how
. great th. e presum
A pt IOn, how strong the inner crt'
e amty, how pasSlOnate
n angel and
. are equally
.
. , the mterest.
. a hi,.,1drequency
c
wave
h
mVIsIble to the mass
. of
. mankll1d: Lut the reports- 0 f angc1save
come from only
a hmited number of human receptor"" \\'lJereas by
.
means of sUItahle appar atus communication bet'\'eell
a ~en
- d'lI1g an d
•
a receiving station can be inspected and checked up by any competent
human being.
The technique of creating a neutral world of fact as distinguished
from the raw data of immediate experience was the great general
contribution of modem anal ytic science. This contribution was pos·
sibly second only to the development of our original language concepts, which built up and identified, with the aid of a common
symbol, such as tree o r man, the thousand confu5ed and partial
aspects of trees and men that occur in direct experience. Behind
this technique, however, stands a !"pecial collective morality: a
r ational confidence in the work of olher men, a loyalty to the reports
of the senses, whether one likes them or not. a willingness to accept
a competent and unbiased interpretation of the re'ults. This recourse
to a neutral judge and to a constructed body of law was a belated
development in thought comparahle to that which took place in
morality when the blind conflicts between biassed men were replaced
by the civil proce!"ses of justice. The collective process, even allowing
for the accum ula tion of error and for the unconscious bias of the
Beutra 1 instrument ito;;elf, gave a higher degree of certainty than tbe
m ost forthrigh t a nd subjectively satisfactory individual judgment.
T he concept of a neutral world. untouched by man's effort, indif.
ferent to h is nc tivities, obdurate to hi wish and supplication, i one
of the grea t t r iumph:-; of man's imagination, ami in it elf it representt
a fre 'h hllmon va Ine. 1\lind;:; of the scientific order, even before
Pythagoras, must have had intuitions of this world; hut d.le habit of
thought did 110t spread ovcr allY wide a rea until the scienl1.fic method
and the machine technique had become common: indeed It does not
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begin to emerge with any clearness until the nineteenth century. The
recognition of this new order is one of the main elements in the new
objectivity. It is embodied in a common phrase which now rises to
the lips of everyone when some accident or breakdown Occurs in a
process which lies outside everyone's immediate control: a leak in
a gas tank in an airplane, a delay on a railroad: "That's that."
"C'est c;a." "So gehes." From machines that have broken down the
same impersonal attitude begins to extend itself to the result of
human negligence or human perversity: a badly cooked meal or the
elopement of one's sweetheart. These events naturally often provoke
stormy and uncontrollable emotional responses, but instead of magnifying ihe explosion and giving it more fuel, we tend to subject
the response as well as the event to a common causal interpretation.
The relative passiveness of machine-trained populations during
periods when the industrial system itself has been disrupted, a passiveness that contrasts at times with the behavior of rural populations,
is perhaps the less favorable side of the same objectivity.
Now in any complete analysis of character the "objective" personality is a:s much of an abstraction as the "romantic" personality.
What we tend to call objective are those dispositions and attitudes
which accord with the science and technics: but while one must take
care not to confuse the objective or rational personality with the
whole personality, it ~hould be plain that the area of the first has
increased-if only because it represents an adaptation indispensable
to the running of the machine itself. And the adaptation in turn has
further effects: a modulation of emphasis, a matter·of·factness, a
reasonableness, a quiet assurance of a neutral realm in which the
most ohdurate differences can be understood, if not composed, is a
mark of the emerging personality. The shrill, the violent, the vocifer·
ous, the purely animal tooth·haring and foot·stamping, paroxysms
of uncritical self-love and uncontrolled hate all the. e arehaic qualities, which once characterized the leaders of men and their imitators,
are now outside the style of our epoch: their recent revival and attempted sanctification is merely a symptom of that relap-e into the
raw primitive on which I dwelt a little while back. When one heholds
these savage qualities today one has the sense of beholding a back-
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CHAPTER VIII.

1: The Dissolution of "The Machine"
What we call, in its final results, "the machine" was not, we have
seen, the passive by-product of technics itself, develop.ing through
small ingenuities and improvements and finally spreadmg over the
entire field of social effort. On the contrary, the mechanical discipline
and many of the primary inventions themselves were the result of
deliberate effort to achieve a mechanical way of life: the motive in
back of this was not technical efficiency but holiness, or power over
other m;l. In the course of development machines have extended these
aims and provided a physical vehicle for their fulfillment.
Now, the mechanical ideology, which directed men's minds toward
the production of machines, was itself the result of special circumstances, special choices and interests and desires. So long as other
values were uppermost, European technology had remained relatively
stable and balanced over a period of three or four thousand years.
Men produced machines partly because they were seeking an i sue
from a burning complexity and confusion, which characterized both
action and thought: partly too hecause. their d £ire for power, lrustrated Ly the loud -;iolence of other men, tum ed finally toward
the neutral world of brute matt~r. Order had been sought hefore,
again and again in other civilizations, in drill , rcgimclltation inflexible social regulations, the discipline of ea te and custom: after the
seventeenth century it was sought in a serie of external instruments
and engines. The Western European conceived of the machine because he wanted regularity, order, certainty, hecause he wi~hf'd to
reduce the movement of his fellows as well as tile behavior of the
364
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gion .can one explain th~ compulsive nature of the urge toward me.
chameal deve~opment wIthout regard for the actual outcome of the
development 111 human ration' them elyes: even in departments
where the results of mechanizat ion were plainly disastrous, the mo t
reasonable apologists neverthelcs held that "the machine was here
to stay"-by which th~y meant, not that history was irreversible, hut
that the machine itself was unmodifiahle.
Today this UlHluestioncd faith in the machine ha been severely
shaken. The ab oillte valid it r of the machine has become a conditioned
validity: even Spengler, who has urged the men of hi generation
to hecom engineers and men of fact, regard that career as a sort
of honorable suicide and looks forward to the period when the monu·
ments of the machine civilization will he tangled masses of rustins
iron and empty concft'te shell. While for those of us who are more
hop ,ful hoth of man's de tiny and that of the machine, the machine
is no longer the paragon of progres and the final ex re .
~ ires: It 1 merely a serie of in truments, which we wil
far a they are ~ervi eable to liTh a arge, and which
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id impulses of a thwarted humamty?
to euth roBe th e Inorb
,
~- In the development of the neutral valueless w~rld of SCIence, ~nd
'th d
of the maclune,
111
e a vance of tlle adaptive ' instrumental functIOns
.
we have left to the untutored egoisms of man.kmd t~1e con~rol of the
gigantic powers and engines technics has conjured, mto eXIstence .. In
advancing too swiftly and heedlessly along the lme of mechalllcal
improvement we have failed to assimilate the machine and to co-or~i.
nate it with human calla cities and human needs ~ and by our SOCIal
backwardness and our blind confidence that problems occasioned by
1he. machine could be solved purely by mechanical means, we have
outreached ourselves. When one subtracts from the manifest bless·
ings of the machine the entire amount of energy and mind and time
and resources devoted to the preparation for war-to say nothing
of the residual burden of past wars-one realizes the net gain is
dismayingly f'mall, and with the advance of still more efficient
means of inflicting death is becoming steadily smaller. Our failure
here is the critical instance of a common failure all along the line.
The decay of the mechanical faith has, however, still another
source: namely, the realization that the serviceability of machines
has meant in the past serviceability to capitalist enterprise. We arc
now entering a phase of dissociation between capitalif'm and technics.;.
and we begin to see with Thorstein Veblen that their respective inter·
ests, so far from being identical, are often at war, aIHI that the
human gains of technics have heen forfeited hy pencrsioll in the in·
terests of a pecuniary economy. We see in addition that many of the
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. d~ 0 f
the
it is .
the biological
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' - " , al1d tl ie pohocal arts of .mdustnal planmng and regional planning and community planning that now most urgently need cultivation: once they
begin to flourish they will awaken new interests and "ct new problems
for the technologist. But the belief that the social dilemmas created
by the machine can be solved merely by inventing more machines is
--..J.oday a sign of half-baked thinking which verges close to quackery.
These symptoms of social danger and decay, arising out of the
very nature of the machine-its peculiar debL to warfare, mining,
and flnance-haye weakened the absolute faith in the machine that
characterized its earlier development.
At the same time, we have now reached a point in the development
of technology itself where the org3nic has begun to dominate the
machine. Instead of simplifying the organic, to make it intelligibly
mechanical, as was nece:'3sary for the great eotechnic and paleotechnic
inventions. "p have begun to complicate tlle mechanical, in order to
make it more organ ic: therefore more effective, more harmonious
with ollr living environment. For our skill, perfected on the finger
('Xt'l'ci,,('s uf the machine, would he bored by the mere repetition of
tllP. sf~alc and such childlike imbecilities: supported by the analytic
metllOd and th(' skills developed in creating the machine, e
now 3pproach the larger ta"ks of synthesis. In short, the machine
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. u,
as our machines and our apparatus become more subtle, anu the
knowledge derived with their aid bec,omes more ,delicate and pene·
trating, the simple mechanical analysIs of ~he ~lllver.se maue by the
earlier physicists ceases to represent ~nythIng In ,which. the, scientist
himself is now interested. The mechamcal worlJ-p1cture IS dIssolving.
The intellectual medium in which the machine once spawned so
rapidly is being altered at the same time that the social meJiUluthe point of application-is undergoing a parallel change. Neither
of these changes is yet dominant; neither is automatic or inevitable,
But one can now say definitely, as one could not fifty years ago, that
there is a fresh gathering of forces on the side of life. The claims of
life, once expressed solely by the Romantics and by the more archaic
social groups and institutions of society, are ,now beginning to be
represented at the very heart of technics itself. Let us trace out some
of the implications of this fact.
2: Toward an Organic Ideology
During the first period of mechanical advance, the application of
simple mechanical analogies to complex organic phenomena helped
the scientist to create a simple framework for experience in general,
including manifestations of life. The "real" from this standpoint was
that which could be measured and accurately defined ~ and the notion
that reality might in fact be vague, complex, undefinable, perpetually
a little obscure and shifty, did not go with the sure click and move·
ment of machines.
Today this whole abstract framework is in process of reconstruction. Provisionally, it is as useful to say in science that a simple element is a limited kind of organism as it once was to say that an
organism was a complicated kind of machine. "Newtonian phy~ics,"
a8 Professor A. N. Whitehead says in Adventures of Ideas, "is based
upon the independent individuality of every bit of matter. Each stone
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This world of separate bodies, unaffected by the accidents of history or of g,eogra phic location, underwent a profound change with
the elaboratIOn of the new concepts of matter and energy that went
forward from Faraday and von Mayer through Clerk-Maxwell and
Willard GiLbs and Ernest Mach to Planck and Einstein. The discovery
that solids, liquids, and gases were phases of all forms of matter
modified the very conception of sul)stance, while the identification of
electricity, light, and heat as aspects of a protean energy, and the
final break-up of "solid" matter into particles of this same ultimate
energy lessened the gap, not merely between various aspects of the
physical world, but between the mechanical and the organic. Both
matter in the raw and the more organized and internally self·sustaining organisms could be describeJ as systems of energy in more or less
stable, more or Ie, s complex, states of equilibrium.
In the seventeenth century the world was conceived as a series of
independent s),stem-. Fir-t, the dead world of physics, the world of
matter and motion, subject to accurate mathematical description.
Second, and inferior from the standpoint of factual analysis, was
the world of living organisms, an ill-defined realm, subject to the
intru~ion of a mysterious entity, the vital principle. Third, the world
of man, a trange being who was a mechanical automaton with referenre to the worlJ of physics, but an independent being with a destiny
in heaven from the standpoint of the theologian. Today, instead of
such a "erie of parallel systems, the world has conceptually ~
a single system: if it still cannot be unified in a single formula, it •
even less conceivable without positing an underlying order
threads through all its manifestations. Those parts of realitr
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be reduced to patent order, law, quantitative Ltatement ale 110 more
reill or ultimate than tho~c parts which remain ou purl' alltI illtl ive:
indeed, when applied at the wrong moment or in the wrong place
or in a false conte.'t tlle exactness of the de~ctiption may incrca,'
the error of interpretation.
All our really primary data are social and vital. One hegins
with life; and one knows life, not as a fact in the ra w, but only
a~ one is conscious of human society and u~('S the toolt> and ill~tru.
ments society has developed through history-words, symbols, gram·
mar, logic, in short, the whole technique of communication dllll
funded e_-perience. The most abstract knowledge, the most impersonal
method, is a derivative of tllis world of socially ordered values.
And instead of accepting the Victorian myth of a struggle for exist·
ence in a bliJ1li and meaningless unh-erse, one must, with Profes~or
Lawrence Henderson, replace this with the picture of a partnership
in mutual aid, in which the physical structure of matter itself, and
the very distribution of elements on the earth's crust, their quantity,
their solubility, their specific gravity, their distribution and chemical
combination, are life·furthering and life·sustaining. Even the most
rigorous scientific description of the physical basis of life indicates
it to be internally teleological.
Now changes in our conceptual apparatus are rarely important
or influential unless they are accompanied, more or less independ·
ently, by parallel changes in personal habits and social institutions.
Mechanical time became important because it was re·enforced by the
financial accountancy of capitalism: progress became important as
a doctrine because visible improvements were being rapidly made in
machines. So the organic approach in thought is important today because we have begun, here and there, to act on these terms even when
unaware of the conceptual implications. This development has gone
on in architecture fr')m Sullivan and Frank Lloyd "'right to the new
architects in Europe, and from Owen and Ebenezer Howard and
Patrick Geddes in city design to the community planners in Holland,
Germany, and Switzerland who have begun to crystallize in a fresh
pattern the whole neotechnic environment. The humane art of the
physician and the psychologist and the architect, the hygienist and
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The next machine that has the power to pass
TV ill get this plasm on its polished brass.
Hut in::.tead of heing confined to a resentment that destroys life in
tit!' ad ()f hmling defiance, we can now act directly upon the nature
of the> mHt:hine ittSelf, and create another race of these creatures,
more eO'ectivl'iy adapted to the environment and to the uses of life.
At this point olle ml1::-t go heyond Sombart's so far excellent analy i .
SOlllllart pointed out, in a long list of contrasting productions and
illVt'1l1 iOll<;. thnt the clue to modern technology was the displacelllt'lll of the organic and the living by the artificial and the mechanical.
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Within technology itself this process, il~ many departments, is being
reversed: we are returning to the orgal1lc: at all events, we no longer
regard the mechanical as all-embracing and all-suHicient.
Once the organic image takes the place of the mechanical one,
one may confidently predict a slowing down of the tempo of research,
the tempo of mechanical invention, and the tempo of social change,
since a coherent and integrated advance must take place more slowly
than a one-sided unrelated advance. Whereas the earlier mechanical
world could be represented by the game of checkers, in which a
similar series of moves is carried out by identical pieces, qualitatively
similar, the new world must be represented by chess, a game in
which each order of pieces has a different status, a different value,
and a different function: a slower and more exacting game. By the
same token, however, the results in technology and in society will
be of a more solid nature than'those upon which paleotechnic science
congratulated itself: for the truth is that every aspect of the earlier
order, from the slums in which it housed its workers to the towers
of abstraction in which it housed it::; intellectuals, was jerrybuilthastily clapped together for the sake of immediate profits, immediate
practical success, with no regard for the wider consequences and
implications. The emphasis in future must be, not upon speed and
immediate practical conquest, but upon exhaustiveness, inter-relationship, and integration. The co-ordination of our technical effort-such
co-ordination and adjustment as is pictured for
in the physiology
of the living organism-is more important than extravagant advances
along special lines, and equally ~xtravagant retardations along other
lines, with a disastrous lack of balance and harmony between the
various parts.
The fact is then that, partly thanks to the machine, we have noW
an insight into a larger world and a more comprehensive intellectual
synthesis than that which was originally outlined in our mechanical
ideology. We can now see plainly that power, work, regularity, are
adequate principles of action only when they cooperate with a humane
~ of living: that any mechanical order we can project must fit
the larger order of life itself. Beyond the necessary intellectual
IIClLltluction, which is already going on in both science and techniClt
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3: The Elements of Social Energetics
Let us examine
the implications of.
neotechnic
developments, WI'th·10
. .
'
the maclune Itself, upon our
economIc. objectives ' upon the orgamza.
.
..
tion of work, upon the dIrection of mdustry and the goals of con.
sumption, upon the emerging social purposes of the neotechnic phase
of civilization.
First: the economic objectives.
In the course of capitalistic enterprise, which accompanied the
widespread introduction of machines and machine·methods in the
fifteenth and sixteenth centuries, the focus of industry shifted from
the craft guild to the merchant guild or the livery company or the
company of merchant adventurers, or to the special organization for
exploiting patent mOllopolie . The means of exchange usurped the
function and meaning of the things that were exchanged: dIOIIeJ
itself became a commodity ann money-getting became a speeiaJini
form of activity. Under capitalism profit reigned as the maia ...
nomic objective; and profit became the decisive factor in all
trial ent rprise. Inventions that promised profits, induatriet
produced profits, were fostered. The reward of capital. if
first claim upon productive enterprise, was at all eveall
nating one: the service of the consumer and the support of
were entirely secondary. Even in a period of crisis .all
such as that capitalism is still in the midst of al
write, dividends continue to be paid to rentiel'l out
lation while the industry itself often operates at •
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of workers arc turned out to starv~. Sometimes profits ~ere oLtained
by lowering the costs and spreadmg the product: but d they could
be had only by offering inferior or adulterated goods-as in tl
sale of medical nostrums or tlle slum h?usillg of
worker-health and well-being were sacrIficed to gam. The com.
munity , instead of receiving a full return for . its goods and service s,
permitted a portion of the product to be dlvclted for the privat
gratification of the holders of land and capital. These holders
land and capital, backed up by the law and all the instruments of
government, determined privately and solely in accordance with
the canon of profit what should be produced and how much and
where and how and by whom and on what terms.
In the economic analysis of the society that grew up on this basis,
the three main terms in industrial activity were production, distribu·
tion, and consumption. Profits were to be increased by cheaper
production, by wider and multifold distribution, and by a steadily
rising standard of consumptive expenditure, with-sometimes in lieu
of that, sometimes accompanying it-an enlarging market of con·
sumers, Saving labor, or cheapening labor by a superiority of bargaining power-obtained by withholding land from the laborer and
monopolizing the new instruments of production-were the two chief
means, from the capitalist's standpoint, of increasing the margin of
profits. Saving labor by rationalization was a real improvement
which bettered everything but the position of the laborer. The
stimulation of the demand for goods was the chief means of increasing
the turnover: hence the problem of capitalism was essentially not to
satisfy needs but to create demands. And the attempt to represent
this process of private aggrandizement and class-advantage as a
natural and socially beneficent one was perhaps the main labor of
political economists during the nineteenth century.
When one examines economic activities from the standpoint of
the employment of energy and the service of human life this whole
financial structure oLproduction and consumption turns 'out to have
mainly a superst'lhous
.
b
' At the bottom of the structure are
aSIS.
farmer , and peasant,wh
'
' course of the mdustna
"
I
0 d
urmg
th
e entIre
revolutIon , which th elr
. mcrease
.
f
0 f tI
le ood supply
has made'
posslble,

t~e undcrpail~

o~

'd
d
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ave scarcely ever
receIve
an
a
equate
return
for
thel'r
d
. '
pro ucts-at
h
le ast on the baSIS of pecul11ary accountancy by which th e rest 0 f th'IS
society was run. Furthermore: what are called gains m
' capIta
'1'1St
economics often , tum out, from
'
" the standpoint of social energetICS,
to be losses; whIle the real gams, the gams upon which all th
'
. '1"
d I e actIvo
ities of life, CIVl lzatlOn, an. cu ture ultimately depend were either
counted as losses, or were Ignored, because they remained outside
the commercial scheme of accountancy.
What are, then, the essentials of the economic processes in rela.
tion to energy and to life? The essential processes are conversion
production, consumption, and creation, In the first two steps energ;
is seized and prepared for the sustenance of life. In the third stage,
life is supported and. renewed in order that it may wind itself up,
so to speak, on the hIgher levels of thought and culture, instead of
being short-circuited at once back into the preparatory functions,
Normal human societies exhibit all four stages of the economic
processes: but their absolute quantities and their proportions vary
with the social milieu.
Conversion has to do with the utilization of the environment as
a source of energy. The prime fact of all economic activity, from
that of the lower organisms up to the most advanced human cultures,
is the conversion of the sun's energies: this transformation depends
upon the heat-conserving properties of the atmosphere, upon the
geological processes of uplift and erosion and soil.building, upon
the conditions of climate and local topography, and-most important
of all-upon the green leaf reaction in growing plants. This seizure
of energy is the original source of all our gains: on a purely energetic
interpretation of the process, all that happens after this is a dissipation of energy-a dissipation that may be retarded, that may be
dammed up, that may be temporarily diverted by human ingenuity,
but in the long run cannot be averted. All the permanent monuments of human culture are attempts, by using more attentuated
physical means of preserving and transmitting this energy, to avert
the hour of ultimate extinction, The most important conquest of
energy was man's original discovery and utilization of fire; after that,
the most significant transformation of the environment came

thro
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the cultivation of the grain-bearing grasses, the vegetables, and the
domestic animals. Indeed, the enormous increase in population which
took place at the beginning of the ninetee~th ce~tury, before the
machine had made any appreciable change III agrIculture, was due
to the opening of immense areas of free land for grain cultivation
and cattle raising and the better provision of winter fodder crops,
combined with the addition of three new energy crops-sugar cane,
sugar beet, and potato-to the diet of the industrial population.
The mechanical conversion of energy is second in importance to
the organic conversion. But in the development of technics the inven.
tion of the water-wheel, the water-turbine, the steam engine, and
the gas engine multiplied the energies that were available to man
through the use of foods grown fo r h imself and his domestic animals.
Without the magnification of human energy made possible through
this series of prime movers, our ap paratus of production and trans·
port could not have reached the gigantic scale it attained in the
nineteenth century. All the further steps in the economic process
depend upon the original act of conversion: the level of achievement
can never rise higher than the level of the energy originally con·
verted, and just as only an insignificant part of the sun's energy
available is utilized in conversion, so only a small part of this, in
turn, finally is utilized in consumption and creation.
Conversion lifts the energy available to a peak: from that point on
energy runs down hill, in gathering and sh aping the raw materials,
in transporting supplies and products, and in the processes of con·
sumption itself. Not until the economic process reaches the stage of
creation-not until it supplies the human animal with more energy
than he needs to maintain his physical existence, and not until still
other energies are transformed into the more d urable media of art
and science and philosophy, of books, buildings and symbols-is
there anything that can be called, even within a limited span of
time, a gain. At one end of the process is the conversion of the free
energy of nature and its transformation into forms useable by ag ri.
culture and technology: at the other end of the process is the con·
venion of the intermediate, preparatory products into human
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subsistence, •and into
those cultural forms that are u seahIe by succeed.
3n
c
ing generatIons oJ. men.
The amount of energy available
for the final process depends upon
.
two facts: .
how
IS converted by agricultur e an d tech·
. muchd energy
h
mcs
at the begmnmg,. an
ow.much
of
.
E that energy is eflective1y app1·led
and conserve d m transmISSIOn.
ven the crudest soc·lety h as some
. .
~urplus.
But under the capItalIst
system .
the main
URe of thOIS surp1us
~
• •
.
is to serve as profits whIch are mcenbves to capI·tal 1·nvestInents
which in turn increase production. Hence two massive and recurren~
facts in modern capitalism: first, an enormous over-expansion of
plant and equipment. Thus the Hoover Committee on the Elimination
of Waste in Industry found, for example, that clothing factories in
the United States are about 45 per cent larger than necessary; printing establishments are from 50 to 150 per cent over-equipped; and
the shoe industry has a capacity twice that of actual production.
Second: an excessive diversion of energy and man-power into sales
promotion and distribution. Whereas only ten per cent of the work·
ing population in the United States wa engaged in transporting and
distributing the commodities produced in 1870, the proportion had
risen to 25 per cent in 1920. Other means of utilizing the sur·
plus, such as the cultural and educational bequests of various phi.
lanthropies, relieve some of the burden of inane waste from both
the individual and from industrial society: but there is no capitalist
theory of non-profit.making enterprises and non-consumable goods.
These {unctions exist accidentally, by the grace of the philanthropist:
they h ave no real place in the sy tern. Yet it should be plain that
as society becomes technically mature and civilized, the area occupied by the surplus must become progressively wider: it will be
greater than it occupied under capitalism or under those more
primitive non.capltali~t civilizations which-as was prep.nd
demonstrated by R adhakamal Mukerjee capitalist economica
inadequately describes.
•
The permanent gain that emerges from the whole eco~
is in the r elati ve1y non.material elements in culture
heritage itself, in the arts and sciences, in the tradition
of technology, or directly in life itself, in tho nIII~·
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that come from the free exploitation of organic energy in thought
and action and emotional experience, in p lay and adventure and
drama and personal development-gains that last through memory
and communication beyond the immedia te moment in which they
are enjoyed. In short, a s John Ruskin p ut it, There is no Wealth but
Life; and what we call wealth is in fact wealth only when it is a sign
of potential or actual vitality.
An economic process that did not produce this margin for leisure,
enjoyment, absorption, creative activity, communication and transmission would completely lack human meaning and reference. In
the histories of human groups there are of course periods, periods
of starvation, periods of flood and earthquake and war, when man
fights a losing fight with his environment, and does not even secure
bare physical survival ; and there are moments when the complete
social process is brutally cut short. But even in the most perverse
and degraded forms of life, there is an aspect that corresponds,
vitally and psychally speaking, to "creation," and even in the most
inadequate form s of production, such as that which prevailed during
the paleotechnie phase, there remains a surplus not arrogated by
industry. Whether this surplus goes to increase the prep aratory
processes, or whether it is to be spent on creation, is a choice that
cannot be automatically decided ; and the tendency in capitalist
society to put it back quickly into the p reparatory processes, and to
make possible increased production by applying pressure to consumption, is merely a further indication of its absence of social
criteria.
The real significance of the machine, socially speaking, does not
consist either in the multiplication of good s or the m ultiplication
of wants,. real or illusory. Its significance lies in the gai ns of energy
through mcreased conversion, through efficient production , through
balanced consumption, and through socialized crea tion. The test of
economic success does not, therefore, lie in the industrial process
alone, and it cannot be measured by the amount of horsepower con·
~erted or by the amount commanded hy an individual u~er: for the
.. I)ut ratIos
. : ratIOS
. of mec h an·
Important
factors here are. no t quantltu's
.
.
.
, productIon
.
Ical effort to social and cultura I resu I ts. A SOCiety
III whICh
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and consumption
completely cancelled out the gams
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nverSlOn_
.
. ffi"
0 wor -would
.
SOCIally me Clen t, even If the entire populat Ion
' were const tl
remam
an y employed, an~ adequately fed , clothed, and sheltered.
The ultimate test of an efficient indust ry IS
'the raho
. b t
productive means and the achieved ends. Henc
.
,e ween
. .
e a SOCIety WIth a low
scale .
of converSIOn
but WIth a high amount of creatIOn
' .IS humanly
'
speakIng superIor to a _SOCIety with an enormo us panop1y of converters
and a small and madequate
anny
of creato
.
.
,
.
rs. By the ruthless
food-pro
ducIng terntories of Asia an d Af flea,
'
p Illage of the
.
,
the
appropnated
far more energy than Greece, WIt
. h .ItS
Roman Empue
,
. .
sparse abstemIOUS dIetary and Its low standard o· f 11" vmg. But Rome
produced no poem, no statue, no original architecture, no work of
science, no philosophy comparable to the Odyssey, the Parthenon,
the works of sixth and fifth century sculptors, and the science of
P ythagoras, Euclid, Archimedes, Hero: and so the quantitative
grandeur and luxury and power of the Romans, despite their extraor.
dinary capacity as engineers, remained relatively meaningless: even
for the continued development of technics the work of the Greek
mathematicians and physicists was more important.
This is why no worki ng ideal for machine production can be
based solely on the gospel of work: still less can it be based upon an
uncritical belief in constantly ra ising the quantitative standard of
consumption. If we are to achieve a purposive and cultivated use of
the enormous energies now happily at our disposal, we must examine
in detail the processes that lead up to the final state of leisure, free
activity, creation. It is because of the lapse and mismanagement of
these processes that we have not reached the desirable end; and it is
because of our failure to frame a comprehensive scheme of ends
that we have not su cceeded in achieving even the beginnings of social
efficiency in the preparatory work.
How is this margin to be achieved and how is it to be applied?
Already we are faced with political and moral problems as well
technological ones. There is nothing in the nature of the IlIA
as such, nothing in the training of the technician as such, that
provide us with a sufficient answer. We shall of coune
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wise the possibility of applying on a WIde ~cale new types of wind
turbine like the rotor: indeed, once an effiCIent storage battery was
availabie the wind alone would be sufficient, in all probability, to
supply any reasonable needs for energy.
Along with the renewed use through electricity of wind and water
one must put the destructive distillation of coal, near the pitheads,
in the new types of coke-oven. This not merely saves enormous
amounts in energy now spent in transporting the fuel from the
place where it is mined to the place where it is used, but it also
conserves the precious compounds that now escape into the air in
the wasteful individual furnaces. Theoretically, however, such econ·
omies of energy only lead to wider consumption and so to more
rapid utilization of the very thing we wish to conserve: hence the
necessity for making a socialized monopoly of all such raw materials
and resources. The private monopoly o f coal beds and oil wells is
an intolerable anachronism-as intolerable as would he the monopoly
of sun, air, running water. Here the objectives of a pri(;e economy
and a social economy cannot be reconciled ; and the common owner·
ship of the means of converting energy, from the wooded mountain
regions where the streams have their sources down to the remoteet
petroleum wells is the sole safeguard to their e ffective use and COD-
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farming; and not until the community itself holds the land will the
position of the farmer be a desirable one. The negative side of
this socialization of the land-namely, the purchase of marginal
land, unfit for any other purpose than forest growth-has already
been taken up, for example, by the State of New York. It remains to
accomplish a similar end on the positive side by taking over and
appropriately planning for maximum cultivation and enjoyment the
good agricultural lands.
Such ownership and planning by the community do not necessarily
mean large-scale farming : for the efficient economic units differ with
the type of farming, and the large mechanized units suitable to the
cultivation of the wheatlands of the prairies are in fact inappropriate
to other types of fa rming. Neither does such a system of rationaliration inevitably mean the extinction of the small family farmma
group, with the skill and initiative and general intelligence that diltinguishes the fa rmer favorably from the over.specialized fadOl,
worker of the old style. But the permanent zoning of certain UIP.
for certain types of agriculture, and the experimental determi,lIi.
of the types of crop appropriate to a particular region or a
section a re matters that cannot be left to guess, chance, or
individual initiative: they are, on the contrary, complicated
questions in which objective answers are posaible. In
areas, like the various wine-growing sections of Franee.
tion surveys will probably only confirm existing
wherever there is a question of choice between

PII-
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"
cann ot be left to the chance interests of individuals, Th e
d eCISlOl1
fi 1'5t step t OW3 rd rationalization in" agriculture ,is the common own er.
ship of the land. Such ow~erslllp prevaIled ,m Eur~pe u~der Cus.
tomary f orms down to the nmeteenth century In certam regIons', and
its restoration involves no breach whatever with the essential founda.
tions of rural life.
The private appropriation an~ exploitation of ,the land, ~ndeed,
must be looked upon as a transItory state, peculIar to capltalism,
between customary local agriculture based upon the common needs
of the small local community and a rationed world agriculture,
based upon the cooperative resources of the entire planet, consid.
ered as a federation of balanced regions. The fact that, except in
times of extreme scarcity, the farmer is pauperized or ruined by the
abundance of his crops only emphasizes the point that a more stable
basis for agricultural production must be found: a basis that does
not rely upon the individual guesses of the farmer, the caprices of
nature, and the speculative fluctuations of the world market. Within
any given period price tends to vary inversely with the quantity
available: here as elsewhere monetary values disappear toward zero
as vital values and energies rise. Hence the need for rationing, for
stable crops, and for an altogether new system of determining price
and marketability. I shall go into this last point presently, It is
enough to point out here that with the development of balanced economic regions, agricultural production will be related to a stable
local market, the sudden gluts and shortages that arise with transportation to distant centers will disappea r, and further to regularize production, a good part of the more delicate crops will be grown in small
units, possibly, as in Holland, under glass, near the place of consumption.
To increase conversion, then, is no simple matter of merely mining
coal or building more dynamos. It involves the social appropriation
of natural resources, the replanning of agriculture and the maximum
utilization of tho e regions in which kinetic energy in the form of
sun, wind, and running water is abundantl y available. The sociali·
zation of these sources of energy is a condition of their effective and
purposive use.
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5: Economize Production!
The application of power to production and the e I
"
,
mp oyment of
quick and relatIvely tireless machmes to perform manu I
" ,
a movement
and the orgamzatIon of rapId transport and the concentration of
work into factories. were the chief m:ans adopted during the nineteenth century to mcrease the quantIty of commodities available.
And the goal of this development within the factory was the complete
substitution of non-human ,power for man power, of mechanical skill
for human skill, of automatons for workers, in every department
where this was possible. Where the absence of human feeling~ or
intelligence did not manifest itself in an inferiority of the product
itself, that goal was a legitimate one.
The mechanical elements in production were rationalized much
more rapidly than the human elements. In fact, one might almost
say that the human elements were irrationalized at the same time;
for the stimuli to production, human fellowship, an esprit de corps,
the hope of advancement and mastery, the appreciation of the entire
process of work itself, were all reduced or wiped out at the very
moment that the work itself, through its subdivision, ceased to give
any independent gratification. Only the pecuniary interest in production remained; and the majority of mankind, unlike the avaricious
and ambitious spirits who marched to the head of industry, are apparently so irresponsive to this pecuniary stimulus that the directing
classes relied upon the lash of starvation, rather than upon the
pleasures of surfeit, to drive them back to the machine.
.
Collective instruments of production were created and used, WIth·
out the benefit of a collective will and a collective interest. That, to
begin with, was a serious handicap upon productive efficiencY:L~
UlCIII
' appreel
workers grudged the efforts they gave to the machme,
I
•
selves with half a mind, loitered and loafed when there wa
, to escape the eye 0 f th e f oreman or the taskm••UI
opportumty
sought to give as little as they could in return for as much .pt
they could get. So far from attempting to comba~ ~ese 80
inefficiency, the enterprisers sa~~ti,oned it ~y rehev: the
of such autonomy and responSIbilIty as might natu
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the job, by insisting upon speed for t~e sake of cheapl~c~ s. without
regard for the excellence of workmanshIp, and by managmg Industry
with an eye solely upon the maxim~m cash retu~n. There ~ere. exceptions in every industry ; but they d Id not estabbsh the mam b ne.
Not appreciating the gain to efficiency f.rom collectiv~ loyah ! and
collective interest and a strong common dflve, the great mdustnalists
did their best to browbeat any of these incipient responses out of the
worker: by lockouts, by ruthless warfare in strikes, by hard bargains
in wages and by callous layoffs during periods of slack work the
typical employers of labor d id their ignorant best to decrease the
efficiency of the workers and throw sand in the works. These tactics
greatly increased the labor turnover and therefore lowered the
internal efficiency of operation : even such a moderate improvement
in the wage scale as Ford introduced in Detroit had a powerful
effect in lessening such losses. But what shall one say to the efficiency
of a productive system in which strikes and lockouts in the United
States, according to Polakov, at the beginning of the last decade,
averaged 54 million man-days of idleness per year? The loss and
inefficiency due to the failure to create a cooperative pattern of
human relations which would supplement that of the machine industry itself cannot be estimated: but the success of such occasional
mutations within the capitalist system as the Cadbury Cocoa works
at Bourneville, the Godin steel works at Guise-an adaptation of
Fourier's scheme for a cooperative phalanstery-and the Dennison
paper manufacturing works at Framingham, Massachusetts, gives a
slight indication of what our total efficiency would have been had
social relations themselves been rationalized at the time the machine
was introduced. It is eviden,t, at all events, that a good part of our
mechanical adroitness has been annulled by social fr iction, waste,
and unnecessary human wear and tear. Testimony to that effect
comes from the production engineers themselves.
At the end of the nineteenth century a new attack upon the problem
of efficiency in production was made within the factory: it was no
accident perhaps that the distinguished engineer who initiated it
was also the co-inventor of a new high-speed tool steel, a characteristic
neotechnic advance. Instead of studying the machine as an isolated
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unit, Taylor studied the worker himself as an e l e '
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·
ment m production
By a close f actua I stu d y of hiS. movements,Tayl
o r was abIe to add.
to the labor output per man WIthout adding to his h . 1 b
.
d
.
d'
h
P YSlca urden
.
.
The tIme an .motJOn stu Ies t at Taylor and his foIl owers mtroduced
have now,
. WIth the development of serial proces ses and greater
automatIsm, become
.somewhat
. outmoded : their importance l
ay'm the
fact that they directed attentIon to the industrial process as a whole
and treated the worker as an integral element in it. Tlleu
' wea k-ness
lay in the fact that they accepted the aims of capitall'st pro duchon
.
.
as fixed,
. and . they . were compelled to
. rely upon a narrow pecumary
incentIve WIth pIecework productlon and bonuses-to achieve the
mechanical gains that were possible.
The next step toward the genuine rationalization of industry lies
in widening the interests and increasing the social incentives to production. On one hand, this means the reduction of trivial and degrade
ing forms of work: it likewise means the elimination of pr~ducts
that have no real social use, since there is no form of cruelty for a
rational human being worse than making him produce goods that
have no human value: picking oakum is by comparison an edifying
task. In addition, the stimulation of invention and initiative within
the industrial process, the reliance upon group activity and upon
intimate forms of social approval, and the transformation of work
into education, and of the social opportunities of factory production
into effective forms of political action-all these incentives toward
a humanly controlled and effectively directed industrial production
await the formulation of non-capitalist modes of enterprise. Taylorism, though it had within its technique the germ of a revolutionary
change in industry, wa s reduced to a minor instrument in a1m.ott
every country except Russia. But it is precisely in the political
psychologi cal relations of the worker to the industry that tile
effective economies have still to be made. This has been
illustrated in an experiment in a Westinghouse plant del_
Professor Elton l\layo. By paying attention to the COD
work and by providing rest periods, the efficiency of
workers was steadily raised. After a certain period
the group was put back in the original collditiOD
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o d" tOll the output was greater th
an' l
It d
1a b een orIginally
re--t peno ~, s I
•
- h d }
ned? There was a feeling among the operatives
lUt
a
luppe
Wl
o t the observer that "better output IS m some way related
aceord mg 0 '
, 0
to the distinctively plea"anter. freer, and h~ppI~r, workmg condio _" This is a long stage beyond Taylor s ongmal mechanical
tlOm,
f ffi'
,
,
.
t d And l't points to a factor 0 e lclency In socIalized
motIOn s u y,
. d t
'n which the worker himself is fully respected, which capim us 1'), I
talism at its most enlightened best can scarcely more than touch. (Is
not this human factor perhaps one of the reasons why small scale
industry-in addition to its lower overhead-can still often com·
pete with large scale industry, where monopoly does not favor the
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latter?)
Meanwhile, modern production has added enormously to the productive output without adding a single horsepower or a single
machine or a single workman. What have been the means? On one
hand there have been great gains through mechanical articulation
within the factory, and through the closer organization of raw rna·
terials, transport, storage, and utilization in the factory itself. By
timing, working out economic sequences, creating an orderly pattern
of activity, the engineer has added enormously to the collective
product. By transferring power from human organisms to machines,
he has decreased the number of variable factors and integrated the
process as a whole. TIlese are the gains of organization and adminis·
tration, The other set of gains has come through standardization
and serial production. This involves the reduction of a whole group
of different articles, in which differences did not correspond to
essential qualities, to a limited number of types: once these types
can be established and suitable machines devised to processing and
manufacturing them the process can approach more and more closely
to automatism. The dangers here lie in premature standardization;
and in making assembled objects-like automohiles-so completely
st~ndardized that they cannot be improved without a wholesale scrap'
pmg of the plant. This was the costly mistake that was made in the
Ford
Model
T . But m11athe ranges 0 f
'
.
.
.
productIOn
where typt°fi catIOn
IS pOSSible large productive economies can be achieved by that
method alone.
0

One returns to the illustration originally
d b B
387
use
Y abba
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stone could be moved without skill or organized e ff b
~e. e
ounds of effort: or it might be moved by ad o~ Y exertmg 753
,
aptmg appr . 1
P
every part of the environment, by using onl twopnate Y
.
Y enty-two po d
In its crude state, mdustry prides itself upon it
un 8.
. '
s gross use of po
and maclllnery. In ItS advanced state it rests u
.
wer
1
"
pon ratIOnal organi
o
. I
zatlOn, SOCIa contro,
phYSIOlogIcal
and psycholo'
o.
,
gIca 1 un d
erstandmg
In the first case, It relIes upon the external exer ' f
. 0'
0'
I
I'
. d d"
Clse 0 power m Its
pohtlCa re atIOns: m ee , It pndes itself upo
.
"
"
" n surmountmg the
ffIctIOn whIch WIth such superb meptItude it creates. I n th e second
of the works can remain immune t0 entlclsm
.,
state,
no part
,
. , .
and
cntena:
the goal IS no .longer as much prod
'
ratIOnal.
,
uctlOn
as IS
compatIble
of pnvate enterprise a n d· pnvate
'
, ., WIth the canons
"
profit
' for
ando mdividual money·mcentives: it is rather efficient pro d uetlOn
SOCial
. uses no' matter how drastically these sacred ca nons must be
reVIsed or extnpated.
In a word, to economize production, we cannot begin or end with
the physical
.
. machines and utilities them~elves
~, nor can e ffi'
Clent productIon begm and end in the individual factory or industry. The
process involves a~ integr~ti,on of the worker, the industrial function,
and the product, Just as It 111volves a further co-ordination between
the sou~ces. of supply and the final consumptive outlets. At hardly
an,Y. pomt 111 our present system of production have we begun to
utIlIze ~le latent energies that are available through organization
and SOCIal control: at best, here and there, we have just begun to
sample such efficiencies.
0

0

, ~f we have only begun to utilize the latent energies of the personnel,
It IS equally true that the geogra phic distribution of industries
hitherto governed by accidental choices and opportunities, has still
to be worked out rationally in terms of the world's resources and
the re-settlement of the world's population into the areas marked
as favorable for human living. Here, through economic regionalism,
a new series of economies offers itself.
The accidents of original manufacture or of the original location
of resources cannot continue as guiding factors in growth when new
Sources of supply and new distribution of markets are ~
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Moreover the neotechnic distribution of power makes for economic
regionalis'm: the concentration of population in the coal towns and
the port towns was a mark of a haphaza~dly organized labor supply
and of the high cost of coal transportatIOn. One of the large possibilities for economy here lies in the abolition of cross-hauls: the
familiar process of carrying coals to Newcastle. Traders and middlemen gain by lengthening the distance in space and t~me between the
roducer and the ultimate consumer. Under a ratIonally planned
~istrjbution of industry, this parasitism in transit would be reduced
to a minimum. And as the knowledge of modern technics spreads,
the special advantages in skill and organization and sc:ience, once
enjoyed by a few countries alone, by England during the nineteenth
century above all, tend to become the common property of mankind
at large: for ideas are not stopped by customs barriers or freight
rates. Our modern world, transporting kno~ledge and skill, has
dimini hed the need for transporting goods: St. Louis's shoes are as
good a New England's, and French textiles are as good as Engli h.
In a balanced economy, regional production of commonplace commodities becomes rational production; and inter-regional exchange
becomes the export of the surplus from regions of increment to
regions of scarcity, or the exchange of special materials and skillslike Tungsten, manganese, fine china, lenses-not universally found
or developed throughout the world. But even here the advantages of
a particular place may remain temporary. While American and
German camembert cheese is still vastly inferior to the French
variety, the gruyere cheese produced in Wisconsin compares favorably with that produced in Switzerland. With th growth of economic
regionalism, the advantages of modern industry will be spread, not
chiefly by transport-as in the nineteenth century-but by local
development.
The prime examples of con~c.ious economic regionalism up to
the present have come from countries like lr land and D nmark,
or state' like Wisconsin, where the occupations were predominantly
agricultural, and where a flourishing economic life depended upon
•
an intelligent exploitation of al1 the r'gional resollrc ,. nut economIC
regionalism does not aim at complete self- uffici 'ney: even under the

l
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most primitive conditions no region has ever been economIcally
.
O n the other hand econom ·IC
•
l'Ism
self-sufficient in all respects.
.
.
'
regl0na
does aim at combatmg the eVIl
of over-specialization"• SlUce wh at.
ever the temporary commerclal advantages of such spec' l' . .
. '
.
la IzatlOn It
tends to ImpoverIsh the cultural lIfe of a region and b
l'
.
. ' y p acmg
precanous ultimately l'ts econonuc
.
all its eggs m one basket, to make
.
existence. Just as every regIOn has a potential balance of animal
life and vegetation, so it has a potential social balance between industry and agriculture, bet,;een ci~ies and f~r~s, between built-up spaces
and open spaces. A regIOn en~IIely speCIalIzed for a single resource,
or covered from boundary lIne to boundary line by a solid area
of houses and streets, is a defective environment, no matter how
well its trade may temporarily flourish. Economic regionali m is
necessary to provide for a varied social life, as well as to provide
for a balanced economy.
Plainly, a good part of the activity and business and power of
the modern world, in which the nineteenth century took 0 much
pride, was the result of disorganization, ignorance, inefficiency and
social ineptitude. But the spread of technical knowledge, standardized
methods, and scientifically controlled performances diminishes the
need for transportation: in the new economy the old system of regional over-specialization will become the exception rather than the
rule. Even today England is no longer the work:;hop of the world,
and New England is no longer the workshop of America. And as
mechanical indu,try become more highly rationalized and more
finely adapted to the environment, a varied and many- ided industrial life tend to develop within each natural human region.
To achieve all tl1ese possible gains in production takes us far
beyond the individual factory or industry, far beyond the current
task of the admini trator or engineer: it requires the service of the
geographer and the regional plann r. th pl')'chologist, the educator,
the ociologi t, the kill d political admini'4rator. Perhaps Ru ia
alone at pre 'nt has the 11 cessary fram work for this planning in
its fundam nlsl in titutions; hut to one dt gree or another, pu hed
hy the neces ity for cr'sting orJer out of the existing chaos and di
organization, other cOllntries are moving in the same direction: the
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profit by modem technics.
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6: Normalize Consumption!
, , converSIOn,
. •111 ord e r to have surplus
Whereas we must maXImIze
, ,
wants, an d to b e pre pared
" for unenergies ready to fulfill eXIstmg

expected needs, it does not follow that we must al so maxlmlz~ production along the existing lines of effort. The a imless expt~nS1On o,f
production is in fact the typical disease of capitalism in Its appl~
cation of modern technics: for since it failed to establish norms It
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had no definite measure for its productive achievement and no possible goals, except those erected by custom and accidental desire.
The expansion of the machine during the past two centuries was
accompanied by the dogma of increasing wants. Industry wa~ directed
not merely to the multiplication of goods and to an increase in their
variety: it was directed toward the multiplication of the desire for
goods. We passed from an economy of need to an economy of acquisition. TIle desire for more material sati factions of the nature furnished by mechanized production kept up with and partly cancelled
out the gains in productivity. Needs became nebulous and indirect:
to satisfy them appropriately under the capitalist criterion one must
gratify them with profitable indirectness through the channels of sale.
The symbol of price made direct seizure and gratification vulgar: so
that finally the farmer who produced enough fruit and meat and
vegetables to satisfy his hunger felt a little inferior to the man who,
producing these goods for a market, could buy back the inferior
products of the packing house and the cannery. Does that exaggerate
the reality? On the contrary, it hardly does justice to it, Money
became the symbol of reputable consumption in every aspect of
living, from art and education to marriage and religion.
Max Weber pointed out the extraordinary departure of the new
doctrines of industrialism from the habits and customs of the greater
part of mankind under the more parsimonious system of production
that prevailed in the past. The aim of traditional industry was not
to increase the number of wants, but to satisfy the standards of a
particular class. Even today, among the poor, the habits of this
past linger on along with relics of magic and primitive medicine:
for an increase in wages, instead of being used to raise the worker's
standard of expenditure, is sometimes used to secure respite from
work, or to p rovide the wh erewitl1al for a spree which leaves the
worker in exactly the same physical and social state he was in before
beginning it. The notion of employing money to escape one's class.
and of spending money conspicuously in order to register the fact
that one ha s esca ped, did not come into existence in society at larp
until a fairly late stage in the development of capitalism,

althouP
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.
'f t d I'tself in the upper ranks at the very beginning of the
It mall! es e
modern regime.
.
Th dogma of increasing wants, lIke so many other dogmas of
and democracy first appeared in the counting house
. de. I'
III ustna Ism
'
and the court, and then filtered down into the rest of society. When
abstract counters in gold or paper became the sy~bols of power
and wealth, men began to value a form of commodIty that had in
fact no natural limits. The absence of normal standards of acquisi·
tion first manifested itself among the successful bankers and mer·
chants; yet even here these standards lin~e~ed on far int~ the nine·
teenth century in the conception of retIrIng from b~sIness after
achieving a competence--that is, the standards of one s class. The
absence of a customary norm of consumption was most conspicuous
in the extravagant life of the courts. To externalize the desire for
power, wealth, and privilege, the princes of the Renascence lavished
upon private luxury and display enormous amounts of money. They
themselves, unless they happened to rise from the merchant class,
did not earn this money: they were forced therefore to beg, borrow,
extort, steal, or pillage it; and truth to tell, they left none of these
possibilities unexplored. Once the machine began to increase the
money.making capacities of industry, these limits were extended
and the level of expenditure was raised for the entire society. This
phase of capitalism was accompanied, as I have already pointed out,
by a widespread breakdown of social institutions: hence the private
individual often sought to compensate by egocentric getting and
spending for the absence of collective institutions and a collective
aim. The wealth of nations was devoted to the private gratification
of individuals: the marvels of collective enterprise and cooperation
that the machine brought into play left the community itself im·
poverished.
Despite the natural egalitarian tendency of mass production, a
great gap continued to exist between the various economic classes:
this gap was glibly accounted for, in terms of Victorian economics,
by a differentiation between necessities, comforts, and luxuries. The
bare necessities were the lot of the IIlass of workers. The middle
clalsel, in addition to having their necessities satisfied on an ampler
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scale than the workers, were supported by comforts: while the rich
ossessed in addition-and this made them more fortunateiux uries . Yet there was a contradiction. Under the doctrine of in·
creasing wants the mass of mankind was supposed to adopt for itself
the ultimate goal of a princely standard of expenditure. There existed
nothing less than a moral obligation to demand larger quantities and
more various kinds of goods-the only limit to this obligation being
the persistent unwillingness of the capitalist manufacturer to give
the worker a sufficient share of the industrial income to make an
effective demand. (At the height of the last wave of financial expansion in the United States the capitalist sought to solve this paradox
by loaning money for increased consumption-installment purchase
-without raising wages, lowering prices, or decreasing his own excessive share in the national income: a device which would never
have occurred to the more sober Harpagons of the seventeenth
century.)
The historic mistakes of men are never so plausible and so dangerous as when they are embodied in a formal doctrine, capable of
being expressed in a few catchwords. The dogma of increasing wants,
and the division of consumption into necessities, comforts, and
luxuries, and the description of the economic process as leading to
the universalizing of more expensive standards of consumption in
terms of machine-made goods-all these beliefs have been largely
taken for granted, even by many of those who have opposed the outright injustices and the more flagrant inequalities of the capitalist
economic system. The doctrine was put, with a classic fatuousness
and finality, by the Hoover Committee's report on Recent Economic
Changes in the United States. "The survey has proved conclusively,"
says the report, "what has long been held theoretically to be true, that
wants are almost insatiable; that one want makes way for another.
The conclusion is that economically we have a boundless field before
us; that there are new wants which will make way endlessly ior newer
wants, as fast as they are satisfied."
When one abandons class standards of consumption and eDmiMl
the facts themselves from the standpoint of the vital procenea

394

TECHNICS AND CIVILIZATION

are to he served, one finds that there is not a single element in these

doctrines that can be retained.
First of all: vital wants are all necessarily limited. Just as the
organism itself does not continue to ~row beyond the. norm of its
s ecies, a norm established within relatIvely narrow hmlts, so neither
c~n any particular function of life be sati:)fied by limitless indul·
gence. The body does not require more than a limited number of
calories of food per day. If it functions adequately on three meals a
day, it does not become three times as strong or effective on nine
meals: on the contl-ary, it is likely to suffer from indigestion and
constipation. If the intensity of amusement is tripled in a circus
by the use of three rings instead of one there are few other circum·
stances in which this rule holds: the value of various stimuli and
interests is not increased by quantitative multiplication, nor yet,
beyond a certain point, by endless variety. A variety of products
which perform similar functions is like omnivorousness in diet: a
useful factor of safety. But this does not alter the essential fact of
stability of desire and demand. A harem of a thousand wives may
satisfy the vanity of an oriental monarch; but what monarch is sufficiently well endowed by nature to satisfy the harem?
Healthy activity requires restriction, monotony, repetition, as well
as change, variety, and expansion. The querulous boredom of a
child that possesses too many toys is endlessly repeated in the lives
of the rich who, having no pecuniary limit to the expression of their
desires, are unable without tremendous force of character to restrict
themselves to a single channel long enough to profit by its trenching
and deepening and wearing through. While the man of the twentieth
century has use for instruments, like the radio and the phonograph
and the telephone, which have no counterpart in other civilizations,
the number of such commodities is in itself limited. No one is better
off for having furniture that goes to pieces in a few years or, failing
that happy means of creating a fresh demand, "goes out of style."
No one is better dressed for having clothes so shabbily woven that
they are worn out at the end of the season. On the contrary, such
rapid consumption is a tax on production; and it tends to wipe out
the gains the machine makes in that department. To the extent that
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develop personal and esthetic interests, they are immune t
peop le
.
.
0
trivial changes in style and they dlsdam to foster such low demands.
Moreover, as Mr. J. A. Hobson has wisely pointed out, "if an undue
amount of individuality be devoted to the production and consumption of food, clothing, etc., and the conscious, refined cultivation of
these tastes, higher forms of individual expression in work and life
will be neglected."
The second characteristic of vital wants is that they cannot be
restricted to the bare element::. of food enough to forestall starvation
and clothing and shelter enough to satisfy convention and to ward
off death by exposure. Life, from the very moment of birth on,
requires for its fulfillment goods and services that are usually
placed in the department of "luxuries." ~ong,. story, music, painting,
carving, idle play, drama-all these thmgs he outside the province
of animal necessities: but they are not things which are to be included
after the belly is satisfied: they are functions which must be included
in human existence even to satisfy the belly, to say nothing of the
emotional and intellectual and imaginative needs of man. To put
these functions at a distance, to make them the goal of an acquisitive
life, or to accept only so much of them as can be canalized into
machine goods and sold at a profit-to do this is to misinterpret
the nature of life as well as the possibilities of the machine.
The fact is that every vital standard has its own necessary luxuries;
and the wage that does not include them is not a living wage, nor is
the life made possible by bare sub istence a humane life. On the
other hand, to set as a goal for universal economic effort, or at least
to bait as a temptation, the imbecile standard of expenditure adopted
by the rich and the po\,'erful is merely to dangle a wooden carrot
before the donkey; he cannot reach the carrot, and if he could, it
still would not nourish him. A high scale of expense has no essential
relation whatever to a high standard of living; and a plethora of
machine-made goods has no essential relation, either, since one of
the most e"scntial elements of a good li£e-a pleasant and stimulating natural envi ronment, hoth cultivated and primitive-is not
a machine-made product. The notion that one implies the other is
a figment of the busine s man's will-to-believe. As for what is called
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obJ'ects that simulated them. The Renascence,
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,
which celebrated a vigorous sensual hfe, scarcely produced a com·
fortable chair in two hundred years: but one has only to look at
'nted by Veronese and Rubens to see how little such
th e women pal
inorganic upholstery was needed.
As mechanical methods have become more productive, the notion
has grown up that consumption should becom~ ~ore voracious. ,In
back of this lies an anxiety lest the productIvIty of the machme
create a glut in the market. The justification of labor.saving devices
was not that they actually saved labor but that they increased con·
sumption: whereas, plainly, labor·saving can take place only wh~n
the standard of consumption remains relatively stable, so that m·
creases in conversion and in productive facility will be realized
in the form of actual increments of leisure. Unfortunately, the capi.
talistic industrial system thrives by a denial of this condition. It
thrives by stimulating wants rather than by limiting them and satis·
fying them. To acknowledge a goal of consummation would be to
place a brake upon production and to lessen the opportunities for

,

,

•

i

I
•

profit.
Technically speaking, changes in form and style are symptom,s
of immaturity; they mark a period of transition. The error of capl'
talism as a creed lies in the attempt to make this period of transition
a permanent one. As soon as a contrivance reaches technical perfec·
tion, there is no excuse for replacement on the ground of increased
efficiency: hence the devices of competitive waste, of shoddy work·
manship, and of fashion must be resorted to. Wasteful consumption
and shoddy craftmanship go hand in hand: so that if we value sound·
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s and integrity and efficiency within the machine system, we must
nes
b'l'
,
,
corresponding
sta
1 Ity m consumptIOn.
crea te a
,
S eaking in the broadest terms thIS means that once the major
Pts of mankind are satisfied by the machine process, our factory
wan
.
.
system must be organized on a baSIS of regular annual replacement
instead of progressive expansion-not on a basis of premature reo
lacement through debauched workmanship, adulterated materials,
~nd grossly stimulated caprice. "The case," as Mr. J, A. Hobson
a ain puts it, "is a simple one. A mere increase in the variety of our
;aterial consumption relieves the strain imposed upon man by the
limits of the material universe, for such variety enables him to utilize
a larger proportion of the aggregate of matter. But in proportion as
we add to mere variety a higher appreciation of those adaptations
of matter which are due to human skill, which we call Art, we pass
outside the limit of matter and are no longer the slaves of roods
and acres and a law of diminishing returns." In other words: a
genuine standard, once the vital physical wants are satisfied, tends
to change the plane of consumption and therefore to limit, in a
considerable degree, the extent of further mechanical enterprise.
But mark the vicious paradox of capitalist production. Although
the factory system has been based on the doctrine of expanding
wants and upon an expanding body of consumers, it has universally
fallen short of supplying the normal wants of mankind. Horrified at
the "utopian" notion of limited and normalized wants, and proudly
proclaiming on the contrary that wants are insatiable, capitalism has

not come within miles of satisfying the most modest standard of
normalized consumption. Capitalism, with respect to the working
mass of humanity, has been like a beggar that flaunts a hand covered
with jewels, one or two of them genuine, whilst it shivers in rags and
grabs at a crust of bread: the beggar may have money in the bank,
too, but that does not improve his condition. This has been brought
out clearly in every factual study that has been made of "advanced"
industrial communities, from Charles Booth's classic survey of
London to the thoroughly documented Pittsburgh survey: it has been
re·enforced once more by Robert Lynd's study of the fairly representative community of "Middletown." What does one find? While
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, J'nhabitants of Middletown often boast a motor car or
poorel
.
.
.
"
a
. , t the houses they lIved m durmg theIr penod of putatl'
. '
.
Ve
ra d 10 ~e ,
prosperity often did not have even ordlllary samtary t?llet facilities,
while the state of the house and the general enVIronment Was,
t}If

,
•

I
•

•
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factuall y speaking, that of a slum.
When one says that the doctrine of increasing wants must he
thrown overboard and the standard of consumption normalized, one
does not in fact call for a contraction of our present industrial fa cil.
ities. In many departments, on the contrary, we are urgently in need
of an expansion of them. For the truth is that, despite all boasts of
progress and mechanical achievement, despite all fears of surpluses
and gluts, the mass of mankind, even in the countries that are tech·
nically the most advanced and financially the most prosperous, do
not have-and apart from the agricultural population never have
had-an adequate diet, proper facilities for hygiene, decent dwell.
ings, sufficient means and opportunities for education and recreation.
Indeed, in terms of vital norm a good part of these things have been
equally lacking in the spurious standard of expenditure secured by
the rich. In most great cities the urban dwellings of the upper classes,
for example, are lacking in sunlight and open spaces, and are almost
as inadequate as those of the very poor: so that, under a nonnalized
standard of life, they would in many cases be healthier and happier
than they are at present even though they would lack the illusion of
success and power and distinction.
To normalize consumption is to erect a standard that no single
class, whatever its expenditures, possesses today. But that standard
cannot be expressed in tenns of any arbitrary sum of money-the
five thousand dollars per individual yearly suggested by Bellamy
in the eighties, or the twenty thousand dollars suggested by a recent
group of technocrats : for the point is that what five or twenty thou·
sand dollars could purchase today for any single individual would
not necessarily fulfill the more exacting vital requ irements of this
standard. And indeed, the higher the vital standard, the less can it be
expressed adequately in terms of mOTley: the morc mu st it be ex·
pressed in terms of leisure, and health, and biological activity, and
esthetic pleasure, and the more, therefore, will it tend to be expressed
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of O'oods and environmental improvements that lie outside
In wrm s
~
.
of machine productIOn..
.
At the same time, the conceptIon of a normalIzed consumption
knowledges the end of those princely capitalistic dreams of limit·
ac
. '1 eges an d sensuous vu l gantles
' . wh ose possession
less incomes and pnvl
b the masters of ~ociety furnished endle~s vicarious gratifIcation to
t{eir lackeys and imitators. Our goal is not increased consumption
but a vital standard: less in the preparatory means, more in the
less in the mechanical apparatus, more in the organic fulfill·
ends,
ment. Wllen we have such a norm, our success in life will not be
'udged by the size of the rubbish heaps we have produced : it will
~e judged by the immaterial and non-consumable goods we have
learned to enjoy, and by our biological fulfillment as lovers, mates,
parents and by our personal fulfillment as thinking, feeling men
and women. Distinction and individuality will re ide in the per·
sonality, where it belongs, not in the size of the hou::-e we live in. in
the expense of our trappings, or in the amount of labor we can arhi·
trarily command. Handsome bodies, fine mind.;., plain living, high
thinking, keen perceptions, sen itive emotional responses, and a
group life keyed to make the~e things possible and to enhance
them-these are some of the objectives of a normal ized standard.
While the animus that led to the expansion of the machine was
narrowly utilitarian, the net result of such an economy is to create an
antithetical stage, paralleled by the slave civilizations of old, endowed with an abundance of lei.:ure. This le isure~ if 1I0t vilely
misused in the thoughtless production of more mechanical work,
either through misplaced ingenuity or a vain consumptive ritual,
may eventuate ill a non-utilitarian form of society, dedicated more
fully to play and thought and social intercourse and all those adventures and pursuits that make life m ore significant. The maximum
of machinery and organization, the maximum of comforts and luxuries, the maximum of consumption, do not necessarily mean a
~axi~u~ of life-efficiency or life-expression. The mistake consists
In thmkmg that comfort, sa fety, absence of physical disea:;e, a
plethora of goods are the greatest blessings of civilization, and in
believing that as they increase the evils of life will dissolve and
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disappear. But comfort and safety are not unconditioned 0 d .
I
g 0 s,
. l'f'
the vJ are capable 0 f de f eatmg
I e Just as t lOroughly
as hard sUp
·} ,
•
•
and uncertainty; and the notlOn that eve~y other mterest, art, friend,
ship, love, parenthood, must be subordma~ed ~o the production of
increasing amounts of comforts and luxunes IS merely one of th
superstitions of a money-bent utilitarian society.
e
By a'ccepting this superstition the utilitarian has turned an ele.
mentary condition of existence, the necessity for providing a physical
basis for life, into an end. As a result, our machine-dominated society
is oriented solely to "things," and its members have every kind
of possession except self-possession. No wonder that Thoreau observed that its members, even in an early and relatively innocent state
of commerce and industry, led lives of quiet desperation. By putting
business before every other manifestation of life, our mechanical
and financial leaders have neglected the chief business of life:
namely, growth, reproduction, development, expression. Paying infinite attention to the invention and perfection of incubators, they
have forgotten the egg, and its reason for existence.

7: Basic Communism
A normalized mode of consumption is the basis of a rationalized
mode of production. If one begins with production as an end in itself

there is nothing within the machine system or the price system to
guarantee a sufficient supply of vital goods. The capitalist economy
attempted to avoid the necessity for erecting a real standard of life
by relying upon the automatic operation of men's private interests,
under the spell of the profit motive. All the necessary gains in produc.
tion, along with a cheapening of the objects sold, were supposed to be
an inevitable by-product of the business of buying cheap and selling
where the demand was strongest and the supply scantest. The enlightened self-interest of individual buyers was the guarantee that
the right things would be produced, in the right order, at the right
time .
Lacking any standard for distributing income except on the basis
of the gross labor performed and on the bare subsistence necessary
to enahle the worker to return each day to his job, this system never
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d in its best days even on its own terms. The history of
succeede
.
.
.
italism is the hIstory of quantity productIOn, over·expansion,
cap
. 1"lzatIOn on t h e Lva SIS of an increasing
eedy private over-capIta
gr
'
.,
f profits and diviprospective income, th
e pnvate
appropnatIOn
0
dends at the expense of the workers and the vast body of noncapitalist ultimate consumers-aU followed, again and again, by a
lut of unbought goods, a breakdown, bankruptcy, deflation, and
;he bitter starvation and depression of the working classes whose
original inability to buy back the goods they had produced was
always the major factor in this debacle.
This system is necessarily unworkable upon its own premises
except perhaps under a pre-machine mode of production. For upon
capitalist terms, the price of any commodity, roughly speaking,
varies inversely as the quantity available at a given moment. This
means that as production approache._ infinity, the price of a single
article must fall correspondingly toward zero. Up to a certain point,
the fall in prices expands the market: beyond that point, the increase
in real wealth for the community means a steady decrease in profits
per unit for the manufacturer. If the prices are kept up without an
expansion of real wages, an overplus occurs. If the price is lowered
far enough, the manufacturer cannot, no mattel how great his turnover, produce a sufficient margin of profit. Whereas mankind as a
whole gains in wealth to the extent that the necessaries of life can,
like the air, be had for the asking, the price syc;;tem crashes into
disaster long before this ideal point has been reached. Thus the
gains in production under the price ~ystem must be diminished or
cancelled out, as Veblen mordantly pointed out, by deliberate
sabotage on the part of the financier and the business man. But this
s~rategy has only a temporary effect: for the burden of debt, espeCIally· wh en re,caplta
' l'Ize d on t1le baSIS
. of a prospective expansion
of the ~opulatlOn and the market, ultimately outruns the curtailed
productIve capacities and subjects them to a load they cannot meet.
N~w, the chief meaning of power conversion and mechanized produCtlOn
" lies in th e f ac t th at t h ey }lave created an economy of surplus
-whIch IS to say, an economy not a d apted to the price system. As
more and more wor·
k I' .," trans f erre d to automatic machines, the
J
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process of displacing workers from industry under this system is
the equlyalent of disfranchising them as consumers, since, unlike
the holders of stock, bonds, and mortgages, they have no claim upon
industry under capitalist conventions other than that resulting from
their labor. It is useless to talk about temporary absorptions of labor
by this or that industry: part of t~lis absorption by the industrie!l
concerned with distribution only mcreases the overhead and the
wa:-te. And apart from thi~, under the system itself labor has lost
both its bargaining power and its capacity to obtain subsistence: the
exi::'tence of substitute industries sometimes po~tpones the individual
but does not avert the collective day of reckoning. Lacking the power
to buy the necessaries of life for themselves, the plight of the dis·
placed workers reacts upon those who remain at work: presently the
whole structure collapses, and even financiers and enterprisers and
managers are sucked into the whirlpool their own cupidity, short.
sightedness and folly have created. All this is a commonplace: but it
rises, not as a result of some obscure uncontrollable law, like the
existence of spots on the sun, but as the outcome of our failure to
take advantage by adequate social provision of the new processes of
mechanized production.
The problem presses for solution: but in one sense it has already
been solved. For the better part of a thousand years, widows, orphans,
and prudent sedentary people have been living at ease, buying
food , drink, and shelter, without performing any work for th,e com·
munity. Their shares and their insurance payments constItute, a
first claim upon industry ~ and as long as there is a~y productl?n
of goods at all and as long as the present legal conventIOns are mam·
f ' ,t
No capitalist talks
,
f th '
tained they are sure 0
elr means 0 eXIs ence.
,
I'
d ' es the self·
about this system as one that demora Izes or un ermm
,
. d d th small mcomes
respect of those who are so supporte d : III ee, e
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distress, does not completely meet every economic requirement: so
in the case of the young and the ambitious, there is an incentive t~
productive and professional enterprise, even though the sting of
starvation be absent.
The extension of this system to the community as a whole is
what I mean .!>y basic communism. In recent time , it was first seri,
ously proposed by Edward Bellamy, in a somewhat arbitrary form
his utopia, Looking Backward; and it has become plain ouring t1i~
last fifty: years that an efficient mechanized ylitem of production can
be made serviceable to humanity at large in no other fashion. To
make the worker's share in production the sole basis for his claim
to a livelihood-as was done even by Marx in the lahor theory of
value he took over from Adam Smith-is, as power·production ap.
proaches perfection, to cut the ground from under his feet. In actu.
ality, the claim to a livelihood rests upon the fact that, like the child
in a family, one is a member of a community: the energy, the tech.
nical knowledge, the social heritage of a community belongs equally
to every member of it, since in the large the individual contributi()l1s
and differences are completely insignificant.
[The classic name for such a universal system of distributing the
essential means of life as described by Plato and More long before
Owen and Marx-is communism, and I have retained it here. But
let me emphasize that this communism is necessarily post·Marxian,
for the facts and vallies upon u:hich it is based are no longer the
paleotechnic ones upon 1( hich Marx founded his policies and pro·
grams, Hence communism, as llsed here, does not imply the partic.
ular nineteenth century ideology, the messianic absolutism, and the
narrowly militarist tactics to which the official commllTlist parties
usually cling, nor does it imply a slavish imitation of the political
methods and social institlltions of Soviet Russia, however admirable
soviet courage and discipline may be.]
Differentiation and preft>rence and special incentive should be
taken, into account in production and COIL umption only after the
secuntv• al It·1 contmUlty
' . 0 f 1'£
' If'IS assured, Here and there we
I e ltse
h~~e established the l)eginnings of a basic communism in the proVISIon of watt'r and education and books. There is llO rational
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reason for stopping
short any point this side of a normal st d
.
ard of consumptIOIl. Such a basis has no relation t . "an.
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f'l
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capacItIes an vIrtues: a amI
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0
SIX
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rougl
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1 Y tree ti
as much goods as a famIly of two, although there
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may e hut
one wage-earner In t erst group and two in the second W .
f f d d h I ' e gIVe. at
. .
1.east a nUl1lmum 0 00 an s e ter and. medical attenti on to CrIm.
Inals who have presumably behaved agaInst the interests of Society'
'
why then should we deny it to. the lazy and the stubborn?. To assume.
that the great mass of mankInd would belong to the latter category
is to forget the positive pleasures of a fuller and richer life.
Moreover, under a scientific economy, the amount of grain ,lUI,
rr 't
meat, milk, textiles, metals and raw materials, like the number of
houses needed annually for replacement and for the increase of popu·
lation, can be calculated in the gross in advance of production. It
needs only the insurance of consumption to make the tables of produc.
tion progressively more accurate. Once the standard was established,
gains beyond those calculated would be bonuses for the whole com·
munity: such gains, instead of stopping the works, as they do now,
would lubricate them, and so far from throwing the mechanism out
of gear they would lighten the load for the whole community and
increase the margin of time or energy available for the modes of life,
if

rather than for the means.
To speak of a "planned economy," without such a basic standard
of consumption and without the political means of making it prevail,
is to mistake the monopolistic sabotage of large.scale capitalist in·
dustry for intelligent social control.
The foundations of this system of distribution already, I repeat,
exist. Schools, libraries, hospitals, universities, museums, baths, lodg·
ing houses, gymnasia, are supported in every large center at th~ ex'
pense of the community as a whole. The police and the fire servl,c~S,
SImilarly, are provided on the basis of need instead of on the
to pay: roads, canals, bridges, parks, playgrounds, and even-In
.
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salutary. .
positive mechanism
'
' for rationalizing the p
ro d
uctlOn
and
nomlahzmg
the consumptIve
standards of the whole commumty.
.
'"
.
'
. tIe
1
A baSIC commUnIsm,
. whIch ImplIes the obligation to s'h are III
work of the commumty up to the amount required to furnish the
basis, does not .mean . the complete enclosure of every I) rocess an d
the complete satIsfactIOn
. of every want in the system of pI anne d pro·
duction. Caref~l .engmeers h~ve figured that the entire amount of
work of the eXIstIng communIty could be carried on with less than
twenty
every
exi ~ ting worker'. with compI ete
. hours
. . work per week for
.
.
rat~onahzatlOn al~ ~long the lmc, and wIth the elimination of duplicatIOns and paraSItIsms, probably less than twenty hour- would suffice
to p.ro~uce a far gre~t~r q~antity ?f goods than i~ produced at pre cnt.
As It IS, some 15 mIllIon mdu tnal workers supply the needs of 120
~illion inhabitan~s of the Unit:d State. Limiting rationed prpdu('t10n and communIzed consumptIOn to basic requiremenb, the amount
of compulsory labor would be even less. Under such provisions
technological unemployment would he a boon.
'
Basic communism would apply to the ~alculable economic needs
of the community. It would touch those goods and services which
can be standardized, weighed, measured, or about which a statistical
computation can he made. Above such a standard the desire for
leisure would compete with the desire for more goods: and here
fashion , caprice, irrational choice, invention, special aims, would
still perhaps have a part to play: for although all these elements
have been grossly o\'er-~timulated by capitali:;m. a residue of them
would remain and would have to be provided for in any conceivable
economic system. But under a hajc cornmunism, these special wants
w?uld. not operate so as to disorganize production and paralyze distrIbutlOn. With regard to the ha'ic commodities there would be complete equality of income: and as COILumption became normalized,
the basic processes would car, in all probability, for a larger and
larger part of the community" need~. On this basis-and 0 far as
I ('a~ see ?n no other hasis-can our gains in production and our
gro~mg dlsplacemt>nt of Imman lahor he realized in benefit for
socIety at large. The altemntive to basic communism'
.
of chaos: either tIle closing dO\m periodically of the producti
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and the destruction--quaintly called valorization--Qf essential a .1
. ' l'
f
g ous,
with .shifty, e ff orts at nnpena 1st conquest to orce open fa reI~
.
markets; eIther that or a complete retreat from the machine into
sub-agriculture (subsistence farming) and a sub-industry (subsistenc:
manufacture) which would be far lower in every way than what
handicraft industry had provided in the eighteenth century. If We
wish to retain the benefits of the machine, we can no longer afford to
deny its chief social implication: namely, basic communism.
Not the least advantage of basic communism would be the fact
that it would tend to put a brake upon industrial enterprise. But such
a brake, instead of being in the form of capitalist abotage, or in the
shocking dislocation of a commercial crisis, would be a gradual les·
sening of the speed of individual parts and a gearing of the whole
organization into a steady routine of productivity. Mr. J. A. Hobson
has again put this matter with his usual insight and wisdom: "Industrial progress," he says, "would undoubtedly be slower under Statecontrol, because the very object of such control is to divert a larger
proportion of human genius and effort from these occupations [pre.
paratory production] to apply them in producing higher forms of
wealth. It is not, however, right to assume that progress in the industrial arts would cease under state-industry: such progress would be
slower, and would itself partake of a routine character-a slow,
continuous adjustment of the mechanism of production and distribution to the slowly changing needs of the community." However forbidding such a prospect looks to the enterpriser of the old order,
humanly speaking it would represent a tremendous gain.

8: Socialize Creation!
During a great part of the history of mankind, from neolithic times
onward, the highest achievements of the race in art and philosopllY
and literature and technics and science antI rel igion were in the possession of a small caste of people. The technical means of multiplying these achievements were so cumbrous-the hieroglyphics of the
Egyptians, the baked slabs of the Babylonian texts, even the hand·
written letters on the papyrus or parchment of a later period-that
the mastery of the implements of thouJ!ht and
was the

expr~ssion

4{)7

of the better part ~f a lifetime. Those who had manual ta<:h
lk
to perform \'.;~re au~omatlcal1y excluded f:om most of the avenue' of
creation outsIde theIr ta:,ks, though they mIght eventually share in the
product created, at seco~d or thi,rd hand. 1.he lif,e ~f the potter or
the smith, as Jesus ben Sirach pomted out WIth pngglsh hut realistic
self_justification, unfitted him for the office::. of the creative life.
Thi.s caste-monopoly was seriously disrupted during the Middle
Ages, partly because Christianity iLelf was in origin the religion of
the lowly and the downtrodden. Not merely was every human creature
a worthy subject of salvation, hut within the mona:-tery and the church
and the university there was a steady recruitment of novices and
students from every rank in society; and the powerful Benedictine
order, by making manual work iLelf one of the obligations of a di ciplined life, broke down an ancient and crippling prejudice against
participation and experiment, as complementary to observation and
contemplation, in creative activity. 'Within the craft guild~ the same
process took place in reverse direction: not merely did the journeyman, in qualifying for his craft, get an opportunity to view critically
the arts and achievements of other cities, not merely was he encouraged to rise from the menial and mechanical operations of his
craft to such esthetic mastery as it offered, but in the performance
of the mysteries and the moralities the worker participated in the
esthetic and religious life of the whole community. Indeed the writer,
like Dante, could have a pol itical statu' in this ociety only as the

WO

member of a working guild.
The humanist movement, Ly placing an emphasis upon textual
scholarship ~nd the dead languages to which this scholarship applied,
re.enforced the widened separation of classes under capitalism.
Unable to obtain the nece. sary preparatory training, the worker was
excluded f,rom the higher culture of Europe: even the highest type
of eotechmc worker, the artist, and even one of the proudest figures
among th:se artists, Leonardo, felt ohliged in his private notes to
d~f~nd hImself against the assumption of the merely literate that
his lI1te rests '10 pamtmg
..
.
and sCIence
were somehow inferior
Indifferent t o tlle essentJa
. Il'f
.
leo f men as workers this culture
developed primal' I'IY as an mstrument
.
' and only in a
0 f caste-power,
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feeble and secondary way for the benefit of mankind as a wh Oe.
1
From one end to the other some 0 f the very best minds of the last
three centuries, in the midst of their most vigorous creative efforts
have been apologizing for the injustices and perversions of thei;
masters. Thorndike in his History of Science and Medicine in the
Fifteenth Century notes the degradation that overcame thought when
the free cities that Petrarch had known in his youth were enslaved
by conquering armies: but the same fact is equally plain in Macchiavelli, Hobbes, Leibniz, Hegel; and tbis tendency of thought reached
a certain climax in the misapplication of the Maltbus-Darwin theory
of the struggle for existence, to justify warfare, the nordic race, and
the dominant position of the bourgeoisie_
But while the humanist side of this new culture was fostered on
individualistic and caste lines, with a marked bias in favor of the
possessing classes, science worked in an opposite direction. The very
growth of scientific knowledge made it impossible to confine it, as a
secret, to a small group, as astronomy was maintained in earlier civilizations. Not merely this, but science, by systematically utilizing the
practical knowledge of artists and physicians in ar~tomy, of miners
and metallurgists in chemistry, kept in touch with the working life of
the community: was it not the predicament of vintners, brewers, and
silkworm growers that roused Pasteur to his productive researches
in bacteriology? Even when science was remote and by nature eso"
teric, it was not snobbish. Socialized in method, international in scope,
impersonal in animus, performing some of its most hazardous and
fruitful feats of thought by reason of its very divorce from immediate responsibility, the sciences have been slowly building up a grand
cosmogony in which only one element is still lacking-the inclusion
of the spectator and experimenter in the final picture.
~nfortunately, the dulling and depressing of the mind that ineVItably followed from the division of labor and the bare routine of
factory life, have opened an unnatural breach between science and
technics and common practice and all the arts that lie outside the rna·
chin~ system. ~e workers themselves were thrown back upon the
rubbIsh of earher cultures, lingering in tradition and memo~y, and
they clung to superstitious forms of religion which kept them in a
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state of emotional tutelage to the very forces that were exploiting
them, or else they forfeited altogether the powerful emotional and
moral stimulus that a genuine religion contributes to life. This applies
likewise to the arts. The peasant and handworker of the Middle Age
was the equal of the artists who carved and painted in his churches
and his public halls: the highest art of that time was not too high
for the common people, nor was there, apart from the affectations of
court poesy, one kind of art for the few and another kind for the
many. There were high and low levels in all this art: but the division
was not marked by status or pecuniary condition.
During the last few centuries, however, popular means "vul·
gar" and "vulgar" means not simply the broadly human, but some·
thing inferior and crass and a little dehumanized. In short, instead
of socializing the creative activities of society, we have socialized on
a great scale only the low counterfeits of those activities: counter·
feits that limit and stultify the mind. A Millet, a van Gogh, a Dau·
mier, a Whitman, a Tolstoy naturally seek the working class for com·
panionship: but they were actually kept alive and rewarded and ap·
preciated chiefly by the very bourgeoisie whose manners they loathed
and whose patronage they wished to escape. On the other hand, the
experience of New England and New York between 1830 and 1.860,
when there was still to the westward a great sweep of unappropruated
.
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at large, and neither tradition nor product can remain the !::01
.
f th
.'
h
.
I
h'I
. e pos·
seSSIOn 0
e SCIentIst or t e artIst or t le p 1 osopher, still less of
the privileged groupS that. under capitalist conventions, so lar el
suppol1 them. The addition to this heritage made by any
or even by any generation, is so small in comparison with the accu:
mulated resources of the pa"t that the great creative artists, like
Goethe. are duly humble about their personal importance. To treat
such activity as egoistic enjoyment or as property i~ merely to brand
it as trivial: for the fact is that creative activity is finally the onl
and the
important business of mankind, the chief
durable fruit of its sojourn on the planet. The essential task of all
sowld economic activity is to produce a state in which creation will
be a ('ommon fact in all experience: in which no group will be denied,
by reason of toil or deficient education, their share in the cultural
life of the community, up to the limits of their personal capacity.
Unless we socialize creation, unless we make production subservient
to education, a mechanized system of production, however efficient,
will only harden into a servile byzantine formality, enriched by

individ~la[

ju~tification

mo~

bread and circuses.
9: 'Work for Automaton and Amateur
Not work, not production for its own sake or for the sake of ulterior profit, but production for the sake of life and work as the
normal expression of a disciplined life, are the marks of a rational
economic 50ciety. Such a society brings into exi tence choices and pos·
sibilities that scarcely exi5ted so long as work was considered extraneous, and profit-or terror of starvation-was the chief impetus
to labor.
The tendency of mechanization, from the seventeenth century on,
has been to standardize the processes of work and to make them capa·
ble of machine operation. In power plants with automatic stokers, in
advanced textile mills, in stamping factorie , in various chemical
works, the worker has scarcely any direct part in the proce!'s of production: he is, so to say, a machine-herd, attending to the welfare of
a .flock of machines which do the actual work: at best, he feeds them,
oll them, mends them when they hreak down, while the work itself
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is as remote from his province as is the digestion which fattens the
sheep looked after by the shepherd.
Such machine-tending .often . calls for alertness ' non. re pet't'
1 10US
movement, and ~en~ral m~elhgence: in discussing neotechnics I
pointed out that m mdustnes that have advanced to this level the
worker has recovered some of the freedom and self-direction that
were frustrated in the more incomplete mechanical processes where
the worker, instead of being general mechanic and overseer, is merely
a substitute for the hand or eye that the machine has not yet de·
veloped. But in other processes, such as the straight line assemblage
of the motor factory, for example, the individual worker is part of
the process itself, and only a small fraction of him is engaged. Such
labor is necessarily servile in character, and no amount of apology
or psychological rationalization can make it otherwise: nor can the
social necessity for the product mollify the process itself.
Our disregard for the quality of work itself, for work as a vital
and educational process, is so habitual that it scarcely ever enters
into our social demands. Yet it is plain that in the decision as to
whether to build a bridge or a tunnel there is a human question that
should outweigh the question of cheapness or mechanical feasability:
namely, the number of lives that will be lost in the actual building or
the advisability of condemning a certain number of men to spend
their entire working days underground supervising tunnel traffic. As
soon as our thought ceases to be automatically conditioned by the
mine, such questions become important. Similarly the social choice
between silk and rayon is not one that can be made simply on the
different costs of production, or the difference in quality between
the fibres themselves: there also remains, to be integrated in the decision, the question as to difference in working-pleasure between
tending silkworms and assisting in rayon production. What the product contributes to the laborer is just as important as what the worker
contributes to the product. A well.managed society might alter
process of motor car assemblage, at some loss of speed and
ness, in order to produce a more interesting routine for the
similarly, it would either go to the expense of equippinl
cement making plants with dust removers or replaCe
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itself with a less noxious substitute. \V'hen none of these alternatives
was availahle, it would drastically reduce the demand itself to the
lowest possible level.
Now, taken as a whole, including the preparatory processes of
scientific investigation and mechanical dc~ign, to say nothing of the
underlying political organization, industry is potentially a valuable
instrument of education. This point, originally stressed by Karl :Marx,
was well put by Helen l\1arot when she said: "Industry offers Oppor.
tunities for creative experience which is social in its processes as
well as in its destination. The imaginative end of production does
not terminate with the possession of au article; it does not center in
the product or in the skill of this or that man, but iu the development
of commerce and technological processes and the evolution of world
acquaintanceship and understanding. Modern machinery, the division
of labor, the banking system, methods of communication, make possible real association. But they are real and possible only as the
processes are open for the common participation, understanding, and
judgment of those engaged in industrial enterprise; they are real
and possible as the animus of industry changes from exploitation to
a common and associated desire to create; they are real and possible
as the individual character of industry gives way before the evolution of social effort."
Once the objective of industry is diverted from profit-making, private aggrandizement, crude exploitation, the unavoidable monotonies
and restrictions will take a subordinate place, for the reason that the
process will be humanized as a whole. Thi . means that compensations
for the repressive elements in the industrial routine will take place
by adjustments within industry itself, in tead of heing permitted to
heap up there, and to explode disastrously and anti-socially in other
parts of society. To fancy that such a non-profit ystem is an impossi.
bility is to forget that for thousands of years the mass of mankind
knew no other system. The new economy of needs, replacing the
capitalist economy of acquisition, will put the limited corporations
and communities of the old economy on a broader and more in·
telligently socialized basis: but at bottom it wi1l draw upon and
canalize similar impulses. Despite all its cheque red features and in·
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ntradictions, this i~ to date perhaps the chief promise held
terna 1 co
out by Soviet Russia. .
.
To the extent that mdustry must stIll employ human beings as
machines, the hours of work must be reduced. We must determine the
number of hours of blank routine per week that is within the limits
of human tolerance, beyond which obvious deterioration of mind and
spirit sets in. The very fact that purely repetitious work, without
choices or variations, seems to agree with morons is enough to warn
us of its dangers in relation to human beings of higher grade. But
there remain occupations, machine-crafts as well as hand-crafts,
which are interesting and absorbing in their own right, provided that
they are not regimented too strictly in the interests of superficial
efficiency. In the act of rationalizing and standardizing the methods
of production, human engineering will have to weigh the social bene·
fits of increased production with automatic machinery, with ales·
sened participation and satisfaction upon the part of the worker,
against a lower level of production, with a larger opportunity for the
worker. It is a shallow technici::-m to enforce the cheaper product at
any price. "'here the product is socially valuable and where the
worker himself can be completely eliminated the answer will often,
perhaps, favor automatism: but short of this state the decision can·
not be lightly made. For no gain in production will justify the elimi·
nation of a humane species of work, unless other compensations in
the way of work itself are at the same time provided. Money, goods,
vacant leisure, cannot possibly make up for the loss of a life·work;
although it is plain that money and goods, under our present abstract
standards of success, are called upon often to do precisely this.
When we begin to rationalize industry organically, that is to say.
with reference to the entire social situation, and with reference to
the worker himself in all his biological capacities-not merely with
reference to the crude labor product and an extraneous ideal of
mechanica 1 efficiency-the worker and his education and his environment become quite as important 6S the commodity he produeeL
We already acknowledge this principle on the negative side wheD
prohibit cheap lead glazes in pottery manufacture becau
worker's health is undermined by their use: but it has a DOl
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plication as well. Not merely should we prohibit work that is had
for the health: we should prom~le work that is good for the health.
It is on these grounds that agrIculture and our mral regions rna
presently get back part of the population that was originally sucke~
into the villes tentaculaires by the machine.
Labor itself, from spading a garden to mapping the stars, is one
of the permanent joys of life. A machine economy that permitted
mankind the inane and trivial leisure Mr. H. C. Wells once depicted
in The Time Machine, and that most city dwellers are condemned to
under capitalist society, pa11icularly during periods of unemployment, would scarcely be worth the effort necessary to lubricate it:
such vacuity, such boredom, such debilitating lack of function do
not represent a gain of any kind. The chief benefit the rational use
of the machine promises is certainly not the elimination of work:
what it promises is something quite different-the elimination of
servile work or slavery:. those types of work that deform the body,
cramp the mind, deaden the spirit. The exploitation of machines is
the alternative to that exploitation of degraded men that was practiced throughout antiquity and that was challenged on a large scale,
for the first time, in the power economy evolved in the eotechnic
phase.
By the completion of our machine organization, we can recover
for work the inherent values which it was robbed of by the pecuniary
aims and class animosities of capitalist production. The worker,
properly extmded from mechanical production as slave, comes back
as director: if his instincts of workmanship are still unsatisfied by
these managerial tasks, he has by reason of the power and leisure
he now potentially commands a new status within production as an
amateur. The gain in freedom here is a direct compensation for the
pre:sure ~nd duress, for the impersonality, the anonymity, the collectIve umty of machine production.
Beyond the basic needs of production, beyond a normalized-and
therefore moralized-standard of life, beyond the essential communism in consumption I have posited, there lie wants which the
individ~al
the group has no right to demand from society at large,
and whIch, III turn, society has no need to curtail or arbitrarily reo
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press in the individual, so long as the motive of exploitation is removed. These wants may be satisfied by direct effort. To weave or
knit clothes by hand, to produce a necessary piece of furniture, to
experimentally build an airplane on lines that have not won official
approval-these are samples of occupations open to the individual,
the household, the small working group, apart from the regular channels of production. Similarly, while the great staples in agriculture,
like wheat, com, hogs, beef, will possibly tend to be the work of larg~
cooperatives, green vegetables and flowers may be raised by individuals on a scale impossible so long as land was privately appropriated and the mass of industrial mankind was packed together in
solid areas of home and pavement.
As our basic production becomes more impersonal and routinized,
our subsidiary production may well become more personal, more
experimental, and more individualized. This could not happen under
the older regime of handicraft: it was a development not possible
before the neotechnic improvements of the machine 'with electricity
as a source of power. For the acquisition of skill necessary for efficient
production on a handicraft basis wa a tedious process, and the slow
tempo of handicraft in the essential occupations did not give a sufficient margin of time for achievement along other lines. Or rather, the
margin was achieved by the subordination of the working class and
the elevation of a small leisure class: the worker and the amateur
represented two different strata. \\ ith electric power a small machine shop may have all the e sential devices and machine tools-apart from specialized automatic machines-that only a large plant
cO'tlld have afforded a century ago: so the worker can regain, even
within the machine occupations, most of the pleasure that the machine
itself, by its increasing automatism, has been taking away from him.
Such worbhops connected with schools should be part of the public
equipment of every community.
The work of the amateur. then, is a necessary corrective to the impersonality, the standardization, the wholesale methods and products
of automatic production. But it is likewise an indispensable educational preparation for the machine process itself. All the great advances in machines have been on the basis of the handicraft opera-
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tions or scientific thought-itself aided and corrected by small-seal
manual operations called experiments. As "technological tenuous~
ness" increases, the diffusion of handicraft knowledge and skill as a
mode of education is necessary, both as a safety device and as a
means to further insight, discovery, and invention. For the machine
cannot know more or do more than the human eye or hand or mind
that designs or operates it. Given knowledge of the essential operations, one could reconstruct every machine in the world. But let that
knowledge be cut off for so much as a single generation, and all the
complicated derivatives would be so much junk. If parts broke and
rusted without being immediately replaced, the whole fabric would
be in ruins. And there is still a further reason to give an important
position to the hand-crafts and machine-crafts, as subsidiary forms of
production, run on a domestic scale. For both safety and flexibility in
all forms of industrial production it is important that we learn to
travel light. Our specialized automatic machines, precisely because of
their high degree of specialization, lack adaptability to new forms of
production: a change in demand, a change in pattern, leads to the
wholesale scrapping of very expensive equipment. Wherever d"mand
for products is of an uncertain or variable nature, it is an economy
in the 1 3 run to use non-specialized machines: this decrea&es the
burden of wasted effort and idle machinery. What is true of the machine is equally true of the worker: instead of a high degree of specialized skill, an all-round competence is better preparation for
breaking through stale routines and for facing emergP'1cies.
It is the basic skills, the basic manual operations, the basic discoveries, the basic formulas which must be transmitted from generation to generation. To maintain the ~uperstructure whilst we let the
foundations moulder away is to endanger not alone the existence of
our complicated civilization but its further development and refinement. For critical changes and adaptations in machines, as in organisms, come not from the differentiated and specialized stock, but
from the relatively undifferentiated common ancestor: it was the
foot-tr(.adle that served Watt's need for transmitting power in a steam
engine. Automatic machines may conquer an ever-larger provincp. in
basic production: but it must be balanced by the hand-crafts and the
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Fascist countries. In short, our political orgamzatlOn IS elt er pa .eotechnic or pre-technic. Hence the hiatus between the mechamcal
achievements and the social results. We have now to work out the
details of a new political and social order, radically different by
reason of the knowledge that is already at our command from any
that now exists. And to the extent that this order is the product of
scientific thought and humanistic imagination, it will lea~e a p~ace
for irrational and instinctive and traditional elements m SOCIety
which were flouted, to their own ultimate peril, by the narrow forms
of rationali sm that prevailed during the past century.
The transformation of the worker's status in industry can come
about only through a three-fold system of control: the functional
political organization of industry from within, the organization of
. .
fonal
the consumers as active and self-regulating groups, gIvmg ra 1 •
. .
f . d strlel
expression to collective demands. and the orgamzatIon 0 10 U
as units within the political framework of cooperating states.
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The internal organization implies the transformation of tl
'f
b' ,
"
Ie trade
UnIon rom a argauung orgamzatIOn, seeking special pr'IVI'I eges
apart from the in d ustry or the working cIa:;;s as a whole, into a
' a standard f pro.
' orgal1lZatIOn,
"
d WIt'}I esta hI'ISIllng
concerne
ducmg
,
0 pro.
ductIOn, a humane system of management, and a collective disci Pl'
which will include every member, from such unskilled workers :~e
,
t1 d"
10
mar enter as apprentlces up to le a mllllstrators and engine ers. I n
the nineteenth century the mass of workers, cowed, uneducate (I, un·
skilled in cooperation, were only too willing to permit the capitali~ts
to retain the responsibilities for financial management and produc.
tion: their unions sought for the most part merely io obtain for the
worker a greater share of the income, and somewhat more favorabl
conditions of labor.
e
The enterpriser, in turn, looked upon the management of his indus.
try as a go~.given right of ownership: to hire and fire, to stop and
start, to bUIld and destroy were special rights which neither the
worker nor the government could encroach upon. The development
of laws restricting the hours of labor and establi~hing minimum
sanitary conditions, the development of public control of important
public utilities, the growth of cartels and semi·monopolistic trade
organizations under government supervision, have broken down this
self·sufficiency of the manufacturer. But these measures, though
struggled for by the worker, have done little to increase his dynamic
participation in the management of industry itself. While here and
there moves have been made toward a more po itive integration of
labor, as in the Baltimore and Ohio Railroad machine shops and in
certain sections of the Garment Industry in America, for the most part
the worker has no responsibility beyond his detailed job.
Until the worker emerges from a state of spiritless dependence
there can be no large gain either in collective efficiency or in social
direction: by its nature autonomy is something that cannot be handed
from above. For the functional organization of industry there must
be collective discipline, collective efficiency, above all collective responsibility: along with this must go a deliberate effort to produce
engineering and scientific and managerial talent from within the ranks
of the workers themselves, in addition to enlisting the services of
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'alized members of this group, who are already spiritually
more SOCI
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1 ed beyond the lures and opportullltles of the finanCIal system
deve op
'h'111 t h e f actory 0 f e ff ec·
, 1 they are attached. W'It h out growth WIt
to W}JlC 1
,
'ts for work the position of the worker, no matter what the
!lve unl
'
nature of the political system, must remain a precarious
tens
ib1e
:~d servile one; for the increase of mechanization vitiates his baraining power, the increasing ranks of the unemployed tend auto~aticallY to beat down his wages, and the periodical disorganization
of industry cancels out any small gains he may momentarily make.
Plainly, such control, such autoncmy, will not be achieved without
a struggle--intemal struggle for training and knowledge, and an external struggle against the weapons and the instruments handed do.wn
from the past. In the long run this struggle involves a fight not only
against a sessile administrative bureaucracy within the trade unions
themselves; more importantly, it involves an outright battle with the
guardians of capitalism. Fortunately, the moral bankruptcy of the
capitalist system is an opportunity as well as an obstacle: a decayed
institution, though more dangerous to live with than a sound one, is
easier to remove. The victory over the possessing classes is not the
goal of this struggle: that is but a necessary incident in the effort to
achieve a solidly integrated and socialized basis for industry. The
struggle for power is a futile one, no matter who is victorious, unless
it is directed by the will·to·function. Fascism has effaced the workers'
attempts to overwhelm the capitalist sy~tem in Italy and Germany because ultimately the workers had no plan for carrying the fight beyond the stage of fighting.
The point to remember, however, is that the power needed to
operate and to transform our modern technics is something other
than physical force. The whole organization of modern industry is
a complicated one, dependent upon a host of professionalized skills
that link into each other, dependent likewise upon the faith and good
will of those interchanging services, data, and calculations. Unless
there is an inner coherence here, no amount of supervision will ensure against knavery and non.cooperation. This society cannot be
~ by brute force or by servile truculent skill backed by brute force:
ll1 the long run such habits of action are self-defeating. The prineiple

420

o R lEN TAT ION

TECHNICS AND CIVILIZATION

of functional autonomy and functional responsibility must he oh.
served at every stage of the proc~s~, and the contrary principlt' of
clas:, domination, based uI~on a .pnvlle~ed status-whether that class
be aristocratic or proletanan-Is techmcally and socially inefficient
Moreover, technics and science demand autonomy and self.control·
that is, freedom, in the realm of thought. The attempt to limit thi~
functional autonomy by the erection of special dogmas, as the
Christians limited it in the early days of Christianity, will cause a
fall into cruder methods of thinking, inimical to the essential basis
of both techni cs and modern civilization.
As industry advances in mechanization, a greater weight of politi.
cal power must develop outside it than was necessary in the past. To
counterbalance the remote control and the tendency to continue along
the established grooves of industrial effort there must arise a collective organization of consumers for the sake of controlling the
kind and quantity and distribution of the product itself. In addition
to the negative check to which all industry is subject, the struggle for
existence between competing commodities, there must be a positive
mode of regulation which , ....ill ensure the production of desirable
types of commodities. Without such organization even our semi-competitive commercial r~gime is slow in adapting itself to demand: at
the very moment that it changes, from month to month and year to
year, the superficial styles of its products, it resi ts the introduction
of fresh ideas, as the American furniture industry for long and stubhomly resisted the introduction of non-period furniture. Undcr a
more stable noncompetitive organization of industry, consumers'
groups for formulating and imposing demands will he even more
important for rational production: without such groups any central
agency for determining lines of production and quotas must necessarily be arbitrary and inefficient. Meanwllile the erection of scientific scales of performance and material quality-so that goods will
he sold on the basis of actual value and service, rather than on the
basis of clever packaging and astute advertising-is a natural corollary on the consumer's side to the rationalization of industry. The
failure to use the existing laboratories for determin ing such standards-like the National Bureau of Standards in the Unitcd States-
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' 1 advanced stage of both mechanical improvement and
reac1Ie d ac
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. 1 organization, almost fifty per cent of the capItal Invested m
financIa
(
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and something over forty per cent of the income of the
In us ry,
.
I'S concentrated in two hundred corporations. These corporanatIO Il ,
'
..
.
.
re so huge and have their capital m so many shares, that in no
tIOnS a .
one of them does any particular person control by ownership more
than five per cent of the capital inve. ted. In other words, administration and ownership, which had a natural affiliation in small-scale
enterprise, are now almost completely divorced in the major industries. (This condition was astutely used during the last two decades,
by the bankers and administrators of American industry, for example, to appropriate for their private advantage a lion's share of the
income, by a process of s ~tematic pillage through recapitalization
and bonuses.) Since the present shareholders of industry have already been dispossessed by the machinations of capitalism itself,
there would be no serious jar if the system were put on a rational
basis, by placing the banking functions directly under the state, and
collecting capital directly out of the earnings of industry instead of
permitting it to be routed in a roundabout fashion through acquisitive individual s, whose knowledge of the community's needs is empirical and unscientific and who'c public interest is vitiated by private concems-if not by outright anti-social animus. Such a change
in the finan cial structure of our major in"truments of production is
a necessary prelude to humanizing the machine. Naturally, this means
a revolution: whether it shall be humane or bloody, whether it shall
be intelligent or hrutal, wllether it shall be accomplished smoothly,
or with a series of violent shocks and jerk~ and catastrophes, depends
to a large extent upon the quality of mind and the state of morals
that exi~ts among the present directors of industry and their oPPOnentl5.
Now, the necessary impulses toward such a change are already
apparent within the bankrupt structure of capitalist society: during
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two groups have broken out mto open warfare. Laissez.fair ' ,
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e IS 10
fact advocated and preached by capItalIsm only during those r
moments when it is doing well without the help of the state: buta;e
its imperialist phase, laissez·faire is the last thing that capitalis;
desires. What it means by that slogan is not Hands off Industry_
hut Hands off Profits! In concluding his monumental survey of
Capitalism Sombart looks upon 1914 as a turning·point for capi.
ta1ism itself. The signs of the change are the impregnation of
capitalistic modes of existence with normative ideas: the displace.
ment of the struggle for profit as the sole condition of orientation
in industrial relations, the undermining of private competition
through the principle of understandings, and the constitutional or.
ganization of industrial enterprise. These processes, which have ac.
tually begun under capitalism, have only to be pushed to their logical
conclusions to carry us beyond the capitalist order. Rationalization,
standardization, and above all, rationed production and consumption,
on the scale necessary to bring up to a vital norm the consumptive
level of the whole community-these things are impossible on a
sufficient scale without a socialized political control of the entire
process.
If such a control cannot be instituted with the cooperation and intelligent aid of the existing administrators of industry, it must be
achieved by overthrowing them and displacing them. The applica·
tion of ne'Y norms of consumption, as in the housing of workers, has
during the last thirty years won the passive support, sometimes subsidies drawn from taxation, of the existing governments of Europe,
from conservative London to communistically bent Moscow, But such
communities, while they have challenged and supplemented capitali~t
enterprise, are merely indications of the way in which the wind IS
"ronment
blowing. Before we can replan an d reor d er our entIre
envi I '
'
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commensurate with our human needs, the moral and legal
Ie
on a sea
' system WI'II h ave to b e sharply
olitieal basis of our pro d uctlve
an d, p d Unless such a reVISIOn
, , ta ke p 1ace, capIta
'1"Ism ltseIf WI'II be
reVIse
.
1
'II k
, ' 1 d by internal rot: lethal strugg es WI ta 'e place between
ehmma e
.
"
,
'ng
to
save
themselves
hy
ImperialIst
conquest,
as
they
wlll
kl e ·
states s e
, ,
"
between
classes
wlthm
the
tate,
JockeYIng
for a power
ta ke P1ae e
'h "II take the form of brute force just to th extent that society's
w1ue WI
•
,
•
,
the productive mecham::.m Itself IS weakened.
gnp on

- 11: The Diminution of the Machine

Most of the current fanta _ies of the future, v.,hic11 have been sug·
the triumph of the machine, are based upon the notion that
geste d b y
,
'
chanical envir.-onment WIll become more perva~Ive and oppres·
r
~~e~';ithin the past generation, th}s belief se,emed justified: Mr,
, H, G, Wells's earlier tales of The \\ ar of the \\ orlds and Wh n the
Sl~el?er Wake .... predicted horrors, great and littl~, from giga~tic
aerial combats to the blatant advertisement of salvatIOn by go·gettmg
Protestant churches-horrors that were realized almost before the
words had left his mouth.
The belief in the greater dominance of mechanism has been reo
enforced by a vulgar error in statistical interpretation: the be] ief that
curves generated by a past historic complex will continue without
modification into the future. Tot merely do the people who hold
these views imply that society is immune to qualitative changes: they
imply that it exhibits uniform direction, uniform motion, ano even
uniform acceleration-a fact which holo only for simple evt'nts in
society and for very minor spans of time. The fact is that social pre·
diction that are based upon past experience are always retrospective: they do not touch the real future. That such predictions have
a way of ju::.tifying themselves from time to lime is oue to another
fad: namely that in what Proft'.~or John Dewey calls judgments
of practice the hypothe::.is ilsel f hecomes one of the determining
elements in the working out of events: to the extent that it is seized
and acted upon it weights events in its favor. The doctrine of
A

echanical
centur .

ro L~SS doubtless had

uch a roleJinLD:J}i;e:iW"i£ifiiiilL::---
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'W'hat reason
is
'
. c .
,
' there to believe that the m ac IHue
wIll
mu Itlply: defixlltciy. at tlle.o-rate that characteri d I
onhnUe to
, 'II k
'
ze t Ie past
d
It WI ta e ov even more territory than it h
I ' an that
--Wh 'l th ·
,
as a ready cQI).
l e e mertIa of society is great the fac t f h
quered?
' .
'
s o t e matt 1
themselves to a dIfferent' mterpretation. The rate 0 f growth In
. erall end
th
o ld er, b ranc h es 0 f machme production has in f ac t b een gOIn
' d e
11 g own
steadIly: Mr. Bassett Jones even holds that this is
' d
'
genera y true f
a II m ustry smce 1910. In those departments of me cIlalllca
' I mdu
' st0
y
that were well-established by 1870, like the railroad dl
:
'II h' I '
,.,
an t Ie textIle
ml , t I S S owmg' down
apphes
lIkeWIse
to
the
crit"
'
,
,
lcaI lllVentlOns
forced and speeded tlle earl ler
' gro wtl'
H ave not the condItIOns
"that
,
1namely, the
expanSIOn of Western CivilizatI'on an d the tre,
, terntonal
"
mendous m crease m populatIOn-been diminishing since that ' ?
.
h'
pomt,
C,ertam mac mes, m~reover, have already reached the limit of
theIr development: certam areas of scientific investigation are already
compIe~ed . ~e. printing press, for example, reached a high pitch of
perfectIOn wIthm a century after its invention: a whole succession
of later inventions, from the rotary press to the linotype and mono·
type machines, while tlley have increased the pace of production have
,
'
not Improved the original product: the finest page that can be pro,
duced today is no finer than the work of the sixteenth century printers,
The water turbine is now ninety per cent efficient; we cannot, on any
count, add more than ten per cent to its efficiency. T elephone trans,
mission is practically perfect, even over long distances ; the best the
engineers can now do is to multiply the capacity of the wires and to
extend the inter-linkages. D istant speech and vision cannot be trammitted faster than tlley are transmitted today by electricity: what
gains we can make are in cheapness and uLiquity. In short: therl!-_
are bounds to mechanical IJrogre s within the nature of the physical
world itself. It is only by ignor ing these lim iting conditions that a be·
lief in the automatic and inevitable a nd Jim itless expansion of the
ma8hine can be retained.
And apart from any wavering of interest in the machine, a general
increase in verified knowledge in other departments than the phy ical
sciences already threatens a large curtailment of mechanical practices
and instruments. It is not a mystic withdrawal from the practical con·

O R I ENT ATION

425

world that ch allenges the machine so much as a more
t1
ce nlS 0 hf le've knowledge of phenomena to which our mechanic conens1re only partial and meffectIve
"
• •
cOlnpre
,
responses. Just as, wlthm
,
'
tnvances. 'weof engineering Itself,
there h as b een a growmg
tendency
aIn
the dom
ement and efficiency through a nicer inter-relation of
lin
toW ar d re
"
of the machme has
'n the environment at large the provmce
parts, so ] ink When we think and act in ter ms of an organic whole,
begun t0 shr •
rather than in terms o~ abstractions, whe~ we are concerned wi~h life
. its full manifestatlOn, rather than WIth the fragm ent of It that
::eks physical domination and that projects itself in purely mechanical systems, we will no longer require from the m achine alone what
we should demand through a many-sided adjustment of every other
aspect of life. A finer knowledge of physiology reduces the number
of drugs and nostrums in which the physician places confidence: it
also decreases the number and scope of surgical operations-those
exquisite triumphs of machine-technics!-so that although refil:ements
in technique have increased the number of potential operations that
can be resorted to, competent physicians are tempted to exhaust the
resources of nature before utilizing a mechanical shortcut. In general,
the classic methods of Hippocrates have begun to displace, with a
new certitude of conviction, both the silly potions prescribed in
Moliere's Imaginary Invalid and the barbarou s intervention of Mr.
Surgeon Cuticle. Similarly, a sounder notion of the human body
has relegated to the scrapheap most of the weight-lifting apparatus
of late Victorian gymnastics. The habit of doing without hats and
petticoats and corsets has, in the past decade, thrown whole industries
into liItlbo: a similar fate, through the more decent attitude toward
the naked human body, threatens the bathing suit industry. Finally,
with a great part of the utilities, l ike railroads, power lines, docks,
port facilities, automobiles, concrete roads which we constructed so
bUSI'J,Y dunng
' the last hundred years
.
, we are now on a basis where
repaIr and replacement a re all that is required. As our production
becomes more rationalized, and a s population shifts and regroups in
b:uer relationship to industry and recreation, new communities desl~ed to the human scale are being constructed. This movement
whIch has been t a k'mg p I ce 1ll
. E
durmg
'
.
.
mope
the last generatlon
11
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a result of pioneering work done over a centu:~ from Robert Owen
Ebenezer Howard. As these new commumtles are built up the
:l:ed for the extravagant mechanical d~vices like subways, which
were built in response to the disorganizatIOn and speculative chaos of
the megalopolis, will disappt'ar.
.
In a word, as social life becomes mature, the soclal unemployment
of machines will become as marked as the presenJ technological un·
employment of men. Just as the ing~nious and,complicated mechan. _
isms for inflicting death used by armIes and naVIes are marks of inter.
national anarchy and painful collective psychoses, so are many of our
present machines the reflexes of poverty, ignorance, disorder. The
machine, so far from being a sign in our present civilization of hu·
man power and order, is often an indication of ineptitude and social
paralysis. Any appreciable improvement in education and culture
will reduce the amount of machinery devoted to multiplying the
spurious mechanical substitutes for knowledge and experience now
provided through the channels of the motion picture, the tabloid news·
paper, the radio, and the printed book. So, too, any appreciable im·
provement in the physical apparatus of life, through better nutrition,
more healthful housing, sounder forms of recreation, greater oppor·
tunities for the natural enjoyments of life, will decrease the part
played by mechanical apparatus in salvaging wrecked bodies and
broken minds. Any appreciable gain in personal harmony and bal·
ance will be recorded in a decreased demand for compensatory
goods and services. The passive dependence upon the machine that
has characterized such large sections of the Western World in the
past was in reality an abdication of life. Once we cultivate the arts
of life directly, the proportion occupied by mechanical routine and
by mechanical instruments will again diminish.
Qur mechanical civilization contrary to the assumption of those _
who worship its external power the better to conceal their own fe~ling,
'mpotence, is not an absolute. All its mechanism ~ are dependent
u on human aims and desires: many of them flourish in direct pro·
portion to our failure to achieve rational social cooperation and inte·
gra ed personalities. Hence we do not have to renounce the maCh"'In-e-completely and go back to handicraft in order to abolish a good deal

of
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of useless machinery and burdensome routine: we m 1 h
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.'
d' 11'
ere y ave to
use imagIllatlOn
an
mte Igence and social discipline In
. our traffic
.
.
.
with the machme Itself. In the last century
. . or two of soc'laI d'IsruptlOn,
we were tempted by an excess of f?lth In the machine t d
0
0 every.
. W'
thing by means of It.
e were lIke a child left alone with
.
. ..
. 11
a pamt
. h ed
brush who app1leS It Impartla y to unpainted wood , to varIlls
furniture, to the tablecloth, to his toys, and to his own fac e. Wh en
with increased knowledge and judgment, we discover that some of
iliese uses are inappropriate, that others are redundant, that others
are inefficient substitutes for a more vital adjustment, we will contract
the machine to those areas in which it serves directly as an instrument of human purpose. The last, it is plain, is a large area: but it is
probably smaller than that now occupied by the machine. One of the
uses of this period of indiscriminate mechanical experiment was to
disclose unsuspected points of weakness in society itself. Like an
old.fashioned menial, the arrogance of the machine grew in proportion to its master's feebleness and folly. With a change in ideals from
material conquest, wealth, and power to life, culture, and expression,
the machine like the menial with a new and more confident master,
will fall back into its proper place: our servant, not our tyrant.
Quantitatively, then, we shall probably be less concerned with
production in future than we were forced to be during the period of
rapid expansion that lies behind us. So, too, we shall probably use
fewer mechanical instruments than we do at present, although we
shall have a far greater range to select from, and shall have more
skillfully designed, more finely calibrated, more economical and reliable contrivances than we now possess. The machines of the future,
if our present technics continues, will surpass those in use at present
as the Parthenon surpassed a neolithic wood-hut: the transformation
will be both toward durahility and to refinement of form. The
dissociation of production frOJ~ tIle acquisitive life will favor tech~lical conservatism on a high level rather than a flashy experimentalIsm on a low level.
. But..this cl ange will be accompanied by a qualitative chan e in
l11terest, too: in general a change from mechanical interest to vita
and psychal and socia I interests. This potential change in interest I
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., ignored in
"" Qnl5 about the future of the rna h
"
d" 1"1 I
ClDe•
OIIce 1 8 Importance IS graspe It p am y a ters every pure
•
dO ° th "b d
h
"
Y quan.
~uve prethlctlon at ~s hase upon t e aShs~mptIo"n t~at the interests
which for ree centUrIes ave operate d c leAy wIthm a mecha ° 1
"II"
" f orever WIt" Ilin that framewDlcak
ramewor
WI
contmue
to
remam
k
f
On the contrary, proceeding under the surface in the work of or.
" I SCIentIsts,
" "
"
poetsa
"
and pamters
and b"10Iogica
m G
a oethe, a Whitman
von Mueller, a Darwin, a Bernard, there has been a steady shift'i
attention from the mechanical to the vital and the social: more
more, adventure and exhilarating effort will lie here, rather than
within the already partly exhausted field of the machine.
Such a shift will change the incidence of the machine and profoundly alter its relative position in the whole complex of human
thought and activity. Shaw, in his Back to Methuselah, put such a
change in a remote future; and risky though prophecy of this nature
be, it seems to me that it is probably already insidiously at work.
That such a movement could not take place, certainly not in science
and its technical applications, without a long preparation in the in·
organic realm is now fairly obvious: it was the relative simplicity of
the original mechanical abstractions that enabled us to develop the
ique and the confidence to approach more complicated phe.
alia. But while this movement toward the organic owes a heavy
the machine, it will not leave its parent in undisputed possesfield. In the very act of enlarging its dominion OY.'""'-U
o

an~

!~~~~~m]a~~i~n~e has proved to
~

a great

delg!~~

in some degree its disappearance
water.syatem, once built, involves less daily atteDon annual replacements than would a hunLdn~
and pumps. This fact is fortunate for
the necessity, which Samuel Butler
forcefully extirpating the
1lCa1

age.

12: Toward a Dynamic Equilibrium
The ch~ef justification of the gigantic change. that fIJok
ing the nIneteenth century ,:",as the fact of change itaelf.
what happened to human lIves and social r~~~~~~~~
upon each new invention as a happy step ..'." c=
Inventions, and society went on blindly like a c-;lt;~~r;;:::~
"
d" h
tractor,
ing down Its new roa III t e very act of lifting up e old one.
machine was supposed to abolish the limits of movement alia
-~
growth: machmes were to become bigger: engines were to hecolll*
more powerful:
speeds were to become
faster·
' waa
"
"
. mass p
ro d
uctlon
to multIply more vastly: the populatIOn itself was to kee
•
01
01" fi II
P on Increaaing in d efi mte y untl It na y outran the food suppl or exhauatad
the soil of
So went the nineteenth
•
" ~oday, the notIOn of progress in .a single line without pal
hmit seem"s ~er~aps the most parochIal notion of a very
century. LImIts m thought and action, norms of growth and
menl, are now as present in our consciousness as they were
the contemporaries of Herbert Spencer. In our technics, ccnm8
provements of course remain to be made, and there are
numerous fresh fields still to be opened: but even in the rea:
mec~anical achievement we are already within sight of
not Imposed by human timidity or lack of re&OUl"CII
technics, but by the very nature of the elements •
The period of exploration and unsystematic, 801ft
~~med to the nineteenth century to embody
lstiC8 of the new economy, is rapidly comma
faced with the period of consolidation and
Weetern Civilization as a whole, in other
t Dew pioneering countries like
•
lR, once all their free land
f tran portation and
Ie down and
o

nitroge~"

centu~':
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'II e The parallel between neo I'It h'IC an d neotechnic times
rec ki ess pI ag .
h' h
'
here: for the main advances w IC were consolIdated in
hoI d seven
.t h ·
"
,
, h' t' es remained stable, WI mmor VarIatIOns wIthin the
neo IIt IC 1m
etween 2500 and 3500 years. Once we have generally
pattern, f or b
,
technical plateau we m ay remam on that level with
reached a new
,
ups and down for thousands of years. What a re the impli.
,"
.
?
very mInor
cations of this approachmg eqUIlIbnum .
.
First: equilibrium in the environment. TIus means first the restora.
, of the balance between man and nature. The conservation and
tIOn
h"
d'
restoration of soils, the re·growth wherever t IS IS expe lent and pos·
sible, of the forest cover to provide shelter for wild life and to main·
tain man's primitive background as a source of recreation, whose im·
portance increases in proportion to the refinement of his cultural
heritage. The use of tree crops where possible as substitutes for
annuals, and the reliance upon kinetic energy-sun, falling water,
wind-instead of upon limited capital supplies. The conservation
of minerals and metals: the larger u se of scrap metals. The conser·
vation of the environment itself as a resource, and the fitting of hu·
man needs into the pattern formed by the region as a whole: hence
the progressive restoration out of such unbalanced regions as the
over.urbanized metropolitan areas of London and New York. Is it
necessary to point out that all this marks the approaching end of the
miner's economy? Not mine and move, but stay a nd cultivate are
the watchwords of the new order. Is it also necessary to emphasize
that with respect to our use of metals, the conservative use of the
existing supply will lower the importance of the mine in relation to
other parts of the natural environment?
Second: equilibrium in . dustry and a~riculture. This has rapidly
been taking place during the last two generations in the migration
of modem technics from England to America and to the rest of
Europe, and from all these countries in turn to Africa and Asia. No
one center is any longer the home of modern industry or its sole
focal point: the finest work in rapid motion picture photography has
been done in Japan, and the most astounding instrument of cheap
mass production is the Bata Shoe Factories of Czechoslovakia. The
more or less uniform distribution of mechanical industry over every
430
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· n of the planet tends to produce a balanced industrial life in
,
por t10
every reg ion ,' ultImately
, a state of balance over the earth itself ' A
similar ad vance remaInS ,to ~e worked out ~or~ largely for agricul.
'th th e decentralIzatIOn
of populatIOn mto new centers en
ture. WI
"
'
.
couraged by motor and aerIal transportatIOn and by giant power,
nd with th e application of scientific methods to the culture of soils
a d the I)rocesses of agriculture, a s so admirably practiced today in
an
Belgium and Holland, there is a tendency to equalize advantage be·
tween agricultural regions. Wi th economic regionalism the area of
market gardening and mixed farming-already favored by the scien·
tific tran sfo rmation of our diet-will widen again, and specialized
farming for world export will tend to diminish except where, as in
indu~try, some region produces specialties that cannot easily be duplicated.
Once the regional balance between industry and agriculture is
worked out in detail, production in both departments will be on a
more stable basis. This stahility is the technical side of the normalization of consumption with which I have already dealt. Since at bottom
the profit-motive arose out of and wa furthered by uncertainty and
speculation, whatever stability specialized capitalism had in the past
rested on its capacity for promoting change, and taking advantage of
it. Its safety rested upon its progre-sive tendency to revolutionize the
means of production, promote new shifts in population, and take ad·
vantage of the speculative d isorder. The equilibrium of capitalism,
in other words, was the equilihrium of chaos. Per COlltra, the forces
that work toward a nor m a lization of consumption, toward a planned
and rationed production, toward a conservation of resources, toward
a planned distribution of population are in sharp opposition by reason of their essential technic· to the methods of the past: hence an in·
herent conflict hetween this technology and the dominant capitalist
methods of exploitation. As we approach an industrial and agricul.
tural equilibrium part of the raison d' etre of capitalism itself will
vanish.
Third: quilihrimn in population. There are parts of the Western
World in which there is a practical balance between the number of
births anJ deaths: most of these countries, France, Great Britain, the
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United States, the Scandinavian countries, are in a relativel h' ..L
ute of technical and cultural development. The blind animai Ie"
lure of births, responsible for
P~"
. so many of the. worst
. . features of DIneleenth century development, IS now charactenstIc In the main of back.
ward countries, countries in a state of political or technical infer'.
1
ority. If equilibrium takes. lace_ here during the next cpntur
_.
one
may look forward to a ratIOnal re-settlement of the entire planet into
the regions most favorable to human habitation: an era of deliberate
recolonization will take the place of those obstreperous and futile
conquests which began with the explorations of the Spaniards and
the portuguese in the sixteenth century and which have continued
without any essential change down to the most recent raids of the
lapanese. Such an internal re-settlement is already taking place in
many countries: the movement of industries into Southern England,
the development of the French Alps, the settlement of new farmers in
Palestine and Siberia, are first steps toward achieving a state of
equilibrium. The balancing off of the birth-rate and death-rate, and
the balancing off of rural and urban environments-with the wholetale wiping out of the blighted industrial areas inherited from the
__--a:re all part of a single integration.
• state of balance and equilibrium-regional, industrial, asricommunal-will work a further change within the domain
ItWlIe iteelf: a change of tempo. The temporary fact of •
acceleration, which seemed so notable to Henry
l'UVied the progress from twelfth century unity to
tiplicity, the fact which was later accompan'
.peed for their own sake will no longer
l ' not the absolute speed assumed by
that indicates efficiency: what is
part. with a view to the

aance and develo
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of our days go to leisure and smaller portiou ..
ing becomes synthetic and related, instead of ahata..
as we turn to the cultivation of the whole pe1'8CJIla1itJ
tering upon the power elements alone al all
about we may look forward to a slowing of the e.our lives, even as we may look forward to a le•• Qlinl
of unnecessary external stimuli. Mr. H. G. Wen. baa
the approaching period as the Era of Rebuildins.
life, our thought, or our environment can escape that
that obligation.
The problem of tempo: the problem of equllibrima:
of organic balance: in back of them all the
faction and cultural
-;nd lin-important problems of mod~~em~._~!1.!!!!!!
problems, tu evolve appropriate
goals and
ate social and political instruments for an active
and finally to carry them into action: here are
intelligence, social energy, social good will

13: Summary and Prospect
We have studied the origins, the adwPC.I,
and the further promises of modem
limitations the Western European •
create the machine and project it ...
we have noted the limitatioDl that
men through the historic accideata
We have seen the machine ari
the living, and we have in
&ad the living upon the mat
dklUl, the use of
a throwback to

d
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nature and junction of our mechanical environment and t 1
'
.--;
f f
d'
f l o ay wlde
and firmer and sa er oun atlOns or lUman society at lar
r
.
.
d 'd d 1
1
ge. Thp.
Issue IS not eCI e : t le resu ts are not certain: and w11 ere 1n
. th '
present chapter I have used the prophetic form I have not been b'bnde
to the fact that while all the tendencies and movements I hav e POllltell
'
to are real, they are still far from being supreme: so when I 1
"
laVe
sal'd ".It WI'11" I have meant "
we must.
In discussing the modem technics, we have advanced as far
seems possible in considering mechanical civilization as an isolat:d
system: the next step toward re-orienting our technics consl' <IS
cl 111
'
bringing it more completely into harmony with the new cultulal and
regional and societal and personal patterns we have co-ordinatel
begun to develop. It would be a gross mistake to seek wholly
the field of technics for an answer to all the problems that have been
raised by technics. For the instrument only in part determines the
character of the symphony or the response of the audience: the com·
poser and the musicians and the audience have also to be considered.
What shall we say of the music that has so far been produced?
Looking backward on the history of modern technics, one notes t}13t
from the tenth century onward the instruments have been scraping
and tuning, One by one, before the lights were up, new members hall
joined the orchestra, and were straining to read the score. By the
seventeenth century the fiddles and the wood-wind had assembleil,
and they played in their shrill high note~ the prelude to the great
opera of mechanical science and invention. In the eighteenth century
me brasses joined the orchestra, and the opening chorus, with the
maals predominating over the wood, rang through ,every hall and
gallery of the Western World. Finally, in the nineteenth century, the
human voice itself, hitherto subdued and silent, was timidly sounded
through the systematic dissonances of the score, at the very moment
that imposing instruments of percussion were being introduced. Have
we heard the complete work? Far from it. All that has h~ppened up to
now as been little more than a rehearsal, and at last, having recognized the importance of the singers and the chorus, we will have to
ICOre the music differently, subduing the insistent brasses and the
kettle-drums and giving more prominence to the violins and the
l

withi~
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voices. But if this turns out to be so, our task is even more difficult·
for we will have to re-write the music in the act of playing it, and
change the leader and re-group the orchestra at the very moment that
we are re-casting the most important passage Impossible? No: for
however far modern science and technics have fallen short of their
( inherent ~o~sibiliti,es, they have taught mankind at least one lesson:
Nothing

IS

Impo~Slble.

..,)

INVENTIONS

1: Introduction
This list of inventions makes no pretence to being exhaustive It'
'd
h'
. 1f
. IS meant
merely to provi e an Istonca ramework of technical facts for th
.1
,
f h
d'
lVr!..'
e
SOCia
interpretatIOns 0 t e prece 109 pages. ,,\,' nIle I have attempted to choose the
more importa~t inventions and processes, I have doubtless left out many that
have equal claim to appear. The most comprehensive guide to this subject are
the compilations by Darmstaedter and by Feldhaus; but I have drawn from
a variety of sources, The dates and attributions of many inventions, u every
tJchnician knows, must remain somewhat arbitrary. Unlike a human baby,
one often cannot say at what date an invention is born: frequently, indeed,
what was apparently a still birth may be resuscitated a few years after ita
first unhappy appearance. And again, with inventions the family lineage
often is hard to establish; for, as W, F. Ogburn and Dorothy S. 1\0JD81
have demonstrated, inventions are often practically simultaneous: the rault
of a common heritage and a common need. While I have endeavored to ..
both accurate and impartial in giving the date of the invention and til.
name of the putative inventor, the reader should keep in mind that t.cr
data are offered only for his convenience in looking further.
of
single date one finds usually a series of dates which mark prC'l8rm -Ill.
state of pure fantasy to concrete realization in the form that hit J.a
acceptable to the capitalist mores-that of a commercial IUCCZ I.
of these mores far too much stress has usually been laid upon die
who put the title of private ownership upon this social proe ••
out patent rights on "his" invention. But observe: in~
patented long before they can be practicably ueed. ad, OD
they are often ready for use long before industrial -.,~~
to take udvantaCTe of them. Since modern science and _ .
the common sto~k of Western Civilization, I have . . . . .
tions to one country or another and I have dODe I'IJ1
conscious bias in weighting the list in behalf of my _ttl
my good example to shame the scholars who _ . , .
pulses to flaunt themselves in this field. If
exists, I will welcome corrections.

mile."

aD.,
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2: List of Inventions
Sammary 0/ the ex~ting tech~ic! be/ore ~he t~nth. century. Fire: its appU
in furnaces, ovens, kllns. The simple machmes: mcllned plane, screw, etc. T::::
cord, rope. Spinning and weaving. Advanced agriculture, including irri
terrac.e-cultivation, and soil regeneration (lapsed in North~rn Europe). I~!~
breedmg and the. u~e of the horse for tra~s~ort ..Glass'.makmg, potterY-makhl
basket-making. Mining, metallurgy and smll!ung, including the working of' It
Power machines: water-mill~, boats with ~ails, probably windmills. Machine.t~:
bow-drills and lathes. Handicraft to~ls with t~mpered metal c~t~ing edges. Paper,
Water-clocks. Astronomy, mathematics, phYSICS, and the tradition of science. In
Northern Europe a scattered and somewhat decayed technological tradition ba~d
on Rome; but South and East, from Spain to China, an advanced and 8till activo
technology, whose ideas were filtering into the West and North through tradere,
scholars, and soldiers.

TENTH CENTURY

Use 0/ water-clock. and water-mill!.
The iron hor!e-shoe and an effective
harness lor horses. Multiple yoke for
oxen. Possible invention 0/ the mechanical clock.
999: Painted glass windows in England

ELEVENTH CENTURY

1041-49: Movable type (Pi Sheng)
1050: Firlt real lenses (Alhazen)
1065: Oliver of Malmesbury attempts

Bieht

ll*t: Decjmal eystem (Azachel)

nrt:Ln'H CENTURY
VI' 0/

6.npowder in China.
~ comp"", known to the
..-_. 1160 B.C., come. into Ea-

•

.4rt1lH.

wiadmill in· Eu-

INVENTIO
in,s of Scientific Anatomy 1470:
1315: Be~~:ugh dissection of huw:om
body (Raimondo de Lum of
Bologna)
.
iron work., near
1320: Water·d.nven
Dobnlugk
1322' Sawmill at Augsburg
24: Cannon [Gunpowder: 846 A.D.
13· (Magnus Craecus)]
1330' Crane at Liineburg
1345; Divisiun. o~ hours and minutea
into SIxties

~;~~ ~~:_pulling

1190: Paper mill (at Herault, France)
1195: Magnetic compass in Europe
(English Citation)

machine (Rudolph
of Niirnberg)
1370: Perfected mechanical clock (WIt
Wyck)
10
·
t
cannon-4.86
metre&
III
2 CIan
138:
)
1390: Metal types (Korea
1390: Paper mill

THIRTEENTH CENTURY

FIFTEENTH CENTURY

Mechanical clocks invented.
1232: Hot-air balloons (in China)
1247: Cannon used in defence of
ville
1269: Pivoted magnetic compass
trus Peregrinus)
1270: Treatise on lenses (Vitellio)
Compound lenses (Roger
con)
1272: Silk reeling machine (DOllOp
1280: Opus Ruralium COIIDDl.odClIfUlti
Compendium of
Practice (Petrul d. en...
tia)
1285-1299: Spectacles
1289: Block printin, (Ra9tllaa)
1290: Paper mill (Ravenabur.)
1298: Spinnin, wheel

FOURTEENTH CEN

JtIee1ulnlcal doc•
.,",er-1JfIf"' -

,." Jar"."',

=

Use 0/ wind·mill lor
tIt~:::;1,;
vention 0/ turret wm m. .
•
tion 0/ knitting. Iron drill for
cannon. Trip.hamm.er. Twoand three-masted shIp.
E'-1.)
1402: Oil painting (Bros. van r-1405: Diving suit (Konrad Ky.er 10Il
Eichstadt)
1405: Infernal machine (,Konrad
ser von Eichstadt)
1409: First book in movable lJP'
rea)
1410: Paddle-wheel boat CIeIIJ
1418: Authentio wood
1420: Observatory at
1420: Sawmill at MadlIN
1420: Velocipede (
1420: War·wapD
1423: Firlt Europa n
1680: TU1'1'f4 wIDC-

l?"j

1436: Scleadllo . .

TECHNICS AND CIVILIZATION

1511 :
1518 :
152-t:
1528:
1530:
1534:

1535:
1539:
1544:
1544:
1545:

1546:
1548:
1550:
1552:
1558:
1558:

1560:
1565:
1569:
1575:
1578:
1579:
1582:
1582:
1585:
1589:
1589:
1590:
1594:

1595:

Pneumatic beds (Vegetius)
Fire·engine (Platner)
Fodder·cutting machine
Re·invention of taxi meter for
coaches
Foot·driven spinning wheel (J ur·
gens)
Paddle·wheel boat (Blasco de
Garay)
Diving ben (Francesco del Marchi)
First astronomical map (Alessandro Piccolomini)
Cosmographia Univelsalis (Sebastian Miinster)
Elaboration of algebraic symbols
(Stifel)
surgery
(Ambroise
Modern
Pare)
Railway in German mines
Water supply by pumping works
( Augsburg)
First known suspension bridge
in Europe (Palladio)
Iron-rolling machine (Brulier)
Military tank
Camera with lens and stop for
diaphragm (Daniello Barbaro)
Accademia Secretorum Naturae
at Naples (first scientific society)
Lead pencil (Gesner)
Industrial exhibition at Rathaus,
Niirnberg
Hero's Opera (translation)
Screw lathe (Jacques Besson)
Automatic ribbon 100m at Dant-

1595: "ind·turbine (Veran7.io)
1597: Revolving theater stage
SEVENTEENTH CENTURY
If' ater wheels
t f
. . of 20 II .P
. iIIroluc<'d·
transmz.sslOn by means of
.
.
.
i
reczprocrzt
zng rOi s over distance of on~
.
'f
Gl
h
.
-quarter
m, e'd ~ss othouse Comes into Use
F olln atLOns
. 0/ modern scient'fi
z c mf'th·.
o d. RapId deveLopments in ph ..
1600: Dibbling of wheat to i )ISles.
yie ld (Plat)
ncrea~e

1600: Treatise on t~r~estrial magnetism
and electTlClty ((,ilbcrt)
1600: Pendulum (Galileo)
1603: Aceademia dei Lineei at Rom
1608: Telescope (Lippersheim)
e
1609: Fir"t law of motion (Galileo)
1610: Discovery of gases (Van Hel.
mont)
1613: Gl.!npowder in mine blasting
1614: Discovery of logarithms by John
Napier
1615: Use of triangulation system in
surveying by Willebrord Snell
van Roijen (1581-1626)
1617: First logarithm table (Henry
Briggs)
1618: Machine for plowing, manuring
and sowing (Ramsay and Wilgoose)
1619: U e of coke instead of charcoal
in blast furnace (Dudley)
1619: Tile-making machine
1620: Adding machine (Napier)
1624: Submarine (Cornelius Drebbe1).
Went two miles in test be·
.
tween Westminster and Green·
Zig
wich
Gregorian calendar revhdon
Tide·mill pump for London (Mo- 1624: Fir t patent law protecting inventions (England)
rice)
1628: Steam engine (described 1663
Decimal system (Simon Stevin)
by Worce,;ter)
Knitting frame (William Lee)
Man·propelled wagon (Gilles de 1630: Patl'nt for steam engine (David
Ramsey)
Born)
1635: Discovf'TY of minute organisms
Compound microscope (Jansen)
(Leeuw(~nht)ek )
Use of clock to determine longi1636: Infinitesimal calculus (Fermat)
tude
1636: Fountain pen (Schwenter)
Design for metal bridges-arch
1636: Threshing machine (Van Berg)
and chain (Veranzio)
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1695: Atmospheric stearn engine (Pa~ p j<;cope (Hpv,·I, Danzig)
pin)
1631: cr 'meter (Tnniel'lli)
16·13: ~a~o lalion of focusses of all
EIGHTEENTH CE~TURY
1647: a{~I~ms of lcns
laling machine (Pascal)
Rapid improvements in mining and tex.
I
1650: CaCU
.. l )
tile machinery. Foundation of mod·
. Ma <ic lantern (Klrcller
165(1. . g
(v Gucricke)
ern chemistry.
1652' AIr pump·
(P
1)
1700: Water power {or ma~s·produc·
Law of prohahility
a Jra
tion (Polhcm)
16~7: Pendulum rlock (Huygens)
1705: Atmospheric stearn engine (New;~58': Balance spring for clocks
comrn)
(Hooke)
1707: Phy~idan's pulse watch with sec1658: Red corpu<;cles in blood
ond hand (J ohn Floger)
(Schwammcrdam)
1660: Probability law applied to in"ur- 1708: Wet sand iron caMing (Darby)
1709: Coke used in blasl furnace
ance (J an de Witt)
(Darby)
nam automobile model (VerSt
1665: '
1710: Fir:;t 5tf'reotype (Van der Mey
bie~t. S. J.)
and Muller)
1666' Mirror tde~c()pe (Newton)
1667; Cellular structure of plants 1711: St'winj! machine (De Camus)
1714: l\1ercu-ry thermometer (Fahren·
(Hooke)
heit)
1667: Paris Observa,tor!
1714: Typewriter (Hrnry ~lil1)
1669: Se('d drill (\\ orhdge)
1716: Wooden railways covered with
1671' Speaking tuhe (~torl~nd)
.Iron
1673: New Type foruficatlOn (\ au1719: Three color printing from cop·
ban)
per plate (le Blond)
1675: Fir!'-t determination of speed of 1727: Fir~t exact mea urement of
light (Roemer)
blood
pressure
(Stephen
1675: Greenwich Ob~ervatory founded
Hales)
1677: Foundation of Ashmolean Mu- 1727: Invention of stereotype (G~d)
1n7: Light-images with silver nltrate
seum
1678: power loom (Dc Gellne~)
(Schulze: see 1839)
1679.1681: Fir:-t moucrn tUlIlIt·1 f~r 1730: Stereotyping procellS (Goldtran port, 515 feet 101lg. III
smith)
Langucdoc Canal
d
1733: Flying shuttle (Kay)
1i33: Roller spinning (Wyatt aD
1680: First power dredge (Cor neliu
• leyer)
Paul)
(Barrio
1736: Accurate chronometer
1680: Difll'T~lItial calculu' (Ll'illOiz)
1680: Gas engine u~ing gunp(\~d('r
son)
1736: Commercial .man;::r
(Huygen )
(
J A6
16!12: l.aw of gravitation (Ncwtllkn) at
Phuric aCid
il
UaIIlwaJ
,1682: 100 H.P. 11IIlllping w(lr 5
1738: Cast·iron ra
h"')
Whitehaven, E.
l\larly (Rannegll in )
.
16R3: I ndu_t rial Exliibitil11l at Pans
1740: Ca t steel
1684: Fodder-chopp.>r run by water- 1745: First technical
froDl .na1
power (Delahad.ie).
t fie ob tet1685: Foununtil.n 0 { sClell I
1749: Scienti6c .....
ric,; l \' an Deventer)
coal
1687: Nf',~ton's Principia
1755: Iroll .....J!t'
1688: Di.tillntion of gas from
(Clayton)

1:

T

of'"
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1756: Cement manufacture (Smeaton)
1763: Modern type chronometer (Le
Roy)
li61: Air cylinders; piston worked by
water wheel. More than tripled
production of blast furnace
(Smeaton)
1763: First exhibition of the industrial
arts. Paris.
1763: Slide rest (French cncyc\.)
1765.1769: Improved steam pumping
engine with separate condenser (Watt)
1767: Cast iron rails at Coalbrookdale
1767: Spinning jenny (Hargreaves)
1769: Steam carriage (Cugnot)
1770: Caterpillar tread (R. 1. Edge·
worth: see 1902)
1772: Description
of
ball·bearing
(Narlo)
177 4: Boring machine (Wilkinson)
1775: Reciprorathe engine with wheel
1776: Reverberatory furnace (Brothers
Cranege)
1778: Modern water closet (Bramah)
1778: Talking automaton (von Kernpelen)
1779: Bridge cast·iron sections (Darby
ar.d Wilkinson)
1781-1786: Steam engine as prime
mover (W au)
1781: Steamboat (Joufroy)
1781: Drill plow (Proude: a]so used
by Babylonians: 1700·1200
B.C.)
1782: Balloon (J. M. and J. E. Montgol6er) . Original invention
Chinese
1784: Puddling process-reverberatory
furnace ( Cort )
1784: Spinning mule (Crompton)
1785: Interchangeable parts for musketl (Le Blanc)
1785: First Iteam Ipinning mill at
Papplewick
1785: Power loom (Cartwright)
1785: Chlorine al bleaching agent
(Berthollet)
1181: Screw propeller (Bramah)
1187: Iroa bolt (WtlkiD'OD)

1787: Screw propeller steamboat
(Fitch)
1788: Threshing machine (Meikle)
1790: Manufacture of soda from NaCl
(Le Blanc)
1790: Sewing machine first patented
(M. Saint-England)
1791: Gas engine (Barker)
1792: Gas for domestic lighting (Mur.
dock)
1793: Cotton gin (Whitney)
1793: Signal telegraph (Claude
Chappel
1794: Ecole Polytechnique founded
1795-1809: Food.canning (Appert)
1796: Lithography (Senefelder)
1796: Natural cement (J. Parker)
1796: Toy helicopter (Cayley)
1796: Hydraulic press (Bramah)
1797: Screw·cutting lathe (Maudslay).
Improved slide-rest metal lathe
(Maudslay)
1799: Humphry Davy demonstrates
anesthetic properties of nitrous
oxide
1799: ConserYatoire Nationale des Arts
et Metiers (Paris)
1799: Manufactured bleaching powder
(Tennant)
NINETEENTH CENTURY

Enormous gain,~ in pOlar conversion.
Mass.production of textiles. iron,
steel, machinery. Railu'ay building
era. Foundations of modern biology
and sociology.
1800: Galvanic cell (Volta)
1801: Public railroad with horsepower
-Wandsworth to Croydon,
England
1801: Steamboat Charlotte Dundas
(Symington)
1801·1802: Steam carriage (Trevithick)
1802: Machine dre ser for cotton
warps (necessary for power
weaving)
1802: Planing machine (Bramah)
1803: Side·paddle steamboat (Fulton)
1804: Jacquard loom for figured fab-

.

flea,
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1804: Oliver Evans amphibian steam 1830: Elevatora (used 'I f
.
.
R
'
n
actorlea)
1831 , eaplng machine (McCormick
carriage
1805: Twin screw propeller (Stevens) 1831: Dynamo (Farada )
)
y
1807: First patent fur gas-driven auto· 1831: Chloroform
mohile (Isaac de Rivaz)
1832: Water turbine (Fourneyr )
1807: Kymograph-moving
cylinder 1833: Magnetic telegraph (Gau~ and
for recording continuous moveWeber)
ment (Young)
1833: Laws of Electrolysis (Farad )
1813: power loom (Horrocks)
1834: Electric battery in power b!.t
1814: Gra _ tedder (Salmon)
(M. H. Jacobi)
1814: Steam plinting press (Koenig)
1834: Anilin dye in coal tar (Runle)
1834: Workable liquid refrigerating
1817: Push·cycle (Drai,,)
machine (J acob Perkins)
1818: Milling machine (Whitney)
1835: Application of statistical method
1818: Stetho cope (Laennec)
to social phenomena (Quete1820: Bentwood (Sargent)
let)
1820: Incandescent lamp (De la Rue)
1835: Commutator for dynamo
1820: Modern planes (George Rennie)
1835: Electric telegraph
1821: Iron steamboat (A. Manby)
1822: First Scientific Congress at lR35: Electric automobile (Davenpolt)
1836: First application of electric teleLeipzig
graph to railroad. (Robert
1822: Steel alloys (Faraday)
Stephenson)
1823: Principle of motor (Faraday)
1823.1843: Calculating machines (Bab- 1837: Electric motor (Davenport)
1837: Needle telegraph (WheatltOlle)
bagel
1838: Electro·magnetic telearaph
1824: Portland cement (Aspdin)
(Morse)
1825: Electro-magnet (William Stur1838: Single wire circuit with Ifoud
geon)
(SteinheU)
1825: Stockton and Darlington Railway
1825-1843: Thames tunnel (Marc I. 1838: Steam drop hammer (NlIIIlyth)
1838: Two-cycle double acting .....
Brunel)
gine (Dunen)
1826: Rea ping machine (Bell). First
used in Rome and described 1838: Propeller .teamahip (lricntal
see 1805)
by Pliny
1838: Doat driven by
1827: Steam automobile (Hancock)
(Jacobi)
1827: High pressure steam boiler1839: Manganese _
(HeIIl)
1,400 Ibs. (Jacob Perkins)
1839: Electrotype (lIDDIal)
1827: Chromo-lithography (Zahn)
1828: Hot blast in iron production (J. 1839: Callotype (TalIIat)
B. Nielson)
1839: Dal'leuee17,.
1828: Machine·made steel pen (Gillot)
pm)
1829: Blind print (Braille)
1839: Hot
(GoocI.),
1829: Filtration plant for water (Chel.
sea Water Works, London)
1840: Groft'.......
1829: Liverpool and Manchester Rail· 1840: ~"'f4t:
way
.
n1er
)
1829: Sewing machine (Thimon
1840:
Paper
matrix
stereotype
(Ge1829:
1840:
noux)
1d
Comprellsed
air
for
.iD
1830:
18tl1
shafts and tunnela under wa·
ter (Thomal Cochrane)

_.Ie ....'

D'

•
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1841: Conservation of energy (von
Mayer)
1842: Electric engine (Davidson)
1842 : Con~ervation of energy (J. R.
von Mayer)
1843: Aerostat (Henson)
1843: Typewriter (Thurber)
1843: Spectrum analysis (Miller)
1843: Gutta percha (Mont gomery)
1844 : Carbon arc lamp ( Poucault )
1844 : Nitrous oxide application (Dr.
Horace Wen s): see 1799
1844 : Practical wood·pulp paper (Keller)
1844: Cork-and-rubber linoleum (Galloway)
1845: Electric arc patented (Wright)
1845: Modern high speed sewing machine (Elia:; Howe)
1845: Pneumatic tire (Thomson)
1845: Mechanical boiler.stoker
1846: Rotating cylinder press (Hoe)
1846: Ether (Warren and Morton)
1846: Nitroglyceri ne (Sobrero)
1846 : Gun-cotton (c. F. Schonbein)
1847: Chloroform-anaesthetics (1. Y.
Simpson)
1847: Electric locomotive (M. G. Farmer)
1847 : Iron building (Bogardus)
1848: Modern safety match (R. C.
Bottger)
1848: Rotary fan (Lloyd )
1849: Electric locom()tive (Page)
1850: Rotary ventilator (Fabry)
1850: Ophthalmoscope
1851: Crystal Palace. First Interna·
tional Exhibition of Machines
and the Industrial Arts (J os·
eph Paxton)
1851: Electric motor car (Page)
1851: Electro-magnetic clock (Shepherd)
1851: Reaper (McCormick)
1853: Science Museum (London)
1853: Great Eastern steamship-{)80
feet long-watertight com·
partments
1853: Mechanical ship's log (William
Semens)

1853: Mass-production watches (Deni.
son, Howard and Curtis )
1853: Multiple telegraph on singh· .
(Gintl)
. wire
1854: Automatic telegraph message reo
corder (Hughe:-;)
.
1855: Co~mcrcial ~roduction of alum.
mum (Deville)
1855: 800 H.P. water turbine at Paris
1855: Television (Caselle)
1855: Iron.platl'd gunboats
1855: Safety lock (Yale)
1856: Open hearth furnace (Siemens)
1856: Bes 'emer converter (Bessemer)
1856: Col,)r photography (Zenker )
1858: Phonautogra ph. Voice vibrations
recorded on revolving cylinder
(Scott )
1859: Oil mining by digging and drilling (Drake)
1859: Storage cell (Plante)
1860: Ammonia refrigeration (Carre)
1860: Asphalt paving
1860-1863: London "Underground"
1861.1864: Dynamo motor (Pacinnoti)
1861: Machine gun (Gatling)
1862: Monitor (Ericsson)
1863: Gas engine (Lenoir)
1863: Ammonia soda process (Solvay)
1864: Theory of light and electricity
(Clerk-Maxwell )
1864: Motion picture (Ducos)
1864 and 1875: Gasoline engine motor
car (S. Marcus)
1865: Pasteurization of wine (1. Pasteur)
1866: Prar.tical dynamo (Siemens)
1867: Dynamite (Nobel)
1867: Rf'-enfo:-ced concrete (Monier)
18(j7: Typewriter (Scholes)
1867: Gas engine (Otto and Langen)
1867: Two·wheeled hicycle (Michaux)
1868 : Tungsten steel (l\lusllt't)
1869: Periodic table (Mcnde1ejev and
Loth ar Meyer)
1870 : Electric steel furnace (Siemens)
1870: Celluluid (1 . W. and I. S. Hyatt)
1870: Appli cation of hypnotism in psy·
chopathology I Charcot)
1870: Artificial madder dye (Perkin)

INVENTIONS

1871: Aniline dye for bacteria staining 1887: Automatic telephone
1887: Electro.magnetic
(Weigert)
1887: Monotype (Levist::)e8 (Henz)
1872: Mudel airplane (A. Penaud)
1872: Automatic airbrake (Westing- 1888: Recording adding machi (B
roughs)
ne ur·
house)
1873: Ammonia compression refriger- 1889: Artificial silk of cotton ref11Ie
(Chardonnet)
ator-Carle Linde (Munchen)
1889: Hard rubber phonograph
d
1874: Stream.lined locomotive
1889:
Eiflel
Tower
rcoor
,
] 875: Electric car (Siemens)
1875: Standard time (American rail- 1889: Modern motion picture
(Edison)
camera
roads)
1876: Bon Marche at Paris (Boileau 1890: Detector (Branly)
1890: Pneumatic tires on bicycles
and G. Eiffel)
1892: Calcium carbide (Willson and
1876: Discovery of toxins
Moissan)
1876: Four·cycle gas engine (Otto)
1893·1898: Diesel motor
1876: Electric telephone (Bell )
1892: Artificial silk of wood pulp
1877: Microphone (Edison)
(Cross, Bevan and Beadle)
1877: Bactericidal properties of light
established (Downes & Blunt) 1893: Moving picture (Edison)
1877: Compressed air refrigerator (J. 1893: By·product coke oven (Hollman)
1894: Jenkin's
"Phantoecope"-6nt
J. Coleman)
moving picture of modern type
1877: Phonograph (Edison)
1895: Motion picture projector (EdIB77: Model fiying machine (Kress)
ison)
1878: Centrifugal cream separator (De
1895: X-ray (Roentgen)
Laval)
1896: Steam-driven aerodrome fliIht1879: Carbon glow lamp (Edison)
one half mile without puaen1879: Electric. railroad
ger (Langley)
1880: Cup and cone ball-bearing in
1896: Radio-telegraph (Marconi)
bicycle
1896: Radio activity (Becquere1)
1880 : Electric elevator (Siemens)
1898: Osmium lamp (Welsbach)
1882: First central power station (Ed1898: Radium (Curie)
ison)
1898: Garden City (Howard)
1882: Motion picture camera (Marly)
1899: Loading coil for 1001 dietaoce
1882: Steam turbine (De Laval)
telegraphy and telephoDJ
1883: Dirigible balloon (Brothers Tis(Pupin)
sandier)
1883: High :-;peed gasoline engine
TWENTIETH CENTURY
(Daimler)
1884: Steel-frame skyscraper (Chicago) General introduction 01 .cidd" . ,
technical re.etJrch l46oNM""
1884: Cocaine (Singer)
1900: High speed tool _
dill"]
1884: Linotype (Mergenthaler)
White)
1884 : Turbine for High Fans (Pelton)
1884: Smokeless powder (Dutteohofer) 1900: Nern81 lamp
lR8,!: Steam turhine (Parsons)
1900: Quantum theorY
1885: International standard time
1901: National BureI'l .,
1886: Aluminum by electrolytic proCell8
Unit- sw1902: CaterPillar ........
(Hall)
1770]
1886: Hand camera (Eastman)
18R6: Aseptic surgery (Bergmann)
1902: Radial t:IIII~
1886: Glass·blowing machine
1887: Polyphase alternator (Tesla )
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...JiftiDa airplane (Or.
_"Uhlir Wript)

• • Ir.,;OIl of DitropD

nitroieD Dation
l:keJiaDd and Eyde)

Mua8um (Munchen)
_ _II ateamer
(von Bolton)

i' tube
Moore tube nlht

111

Roeary mercury pump (Gaede)
c,.tmide procell for nitrogen

Iaadon (Rothe)

Synthetic reline (Baekeland)
AudioD (De Forelt)

1907:
1907:
1907:
1908:
1909:
1910:
1910:
1912:
1913:
1920:
1922:
1927:
1933:

Automatic bottle machine (Owen)
Tung8ten lamp
Television-photograph (Korn)
Technische8 MU8eum fUr Indua
trie und Gewerbe (Wien)
•
Duralumin (Wilm)
Gyro-compa8s (Sperry)
Synthetic ammonia procell for
nitrogen fixation (Haber)
Vitamin8 (Hopkins)
Tungsten filament light (Cool.
idge)
Radio broadcasting
Perfected color-organ (Wilfred)
Radio television
Aerodynamic motor car (Fuller)

BIBLIOGRAP

1: General Introduction
Books cannot take the place of firlt·hud . . . .
technics should begin with a survey of a repcm,
actual life of a concrete group to the cletUled OJ
machine. This approach is all the more ..,.
intellectual interests are already 10 IpecieHlI'
thinking with abstractions and frag.. nts wM..
the methods of specialism aa were the
after he had fallen oft the wall. Op n air
perience aa a worker, taking an actiw pall
the two fundamental means for O'f'sroDllliIll
a secondary means for going deeper Sment, particularly for laymen who- trail
limited, the Industrial Museum is helpfttL
aervatoire des Arts et Metien in P....,
storehouse. The most exhaustive It the
itl collection8 have a little ~!N_"
light of the forelt for the trl.1
dramatic reconltructioDl of mill
wald Museum. in Chicago. "..

educational value, withoot W.

the MUHUIP
the FrenkU.
t.nka lutitatlOll hl

IDU.IIUIDI il
I8UII1IID of

tJabed Stat-.
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valuable for his various educational suggestions. There is no sinrrle
com·
b
,
prehensh'e and adequate history of technics in English. Usher's A H is/ory of
Mechanical Inventions is the nearest approach to it. While it does not cover
evf'fy aspect of technics, it treats critically and exhaustively whatever it
does touch, and the earlier chapters on the equipment of antiquity and the
development of the clock are particularly excellent summaries. It is perhaps
the most convenient and accurate work in English. In German the series of
books done by Franz Marie Feldhaus, par~icularly his Ruhmesblatter der
Technik, would be valuable for their illustrations alone; they form the core
of any historical library. Both Usher and Feldhaus are useful for their com.
ments on sources and books. Topping all these books is that monument of
twentieth century scholarship, Der Moderne Kapitalismus, by Werner Sombart. There is scarcely any aspect of Western European life from the tenth
century on that has escaped Sombart's eagle-like vision and mole·like industry ; and his annotated bibliographies would almost repay publication
by themselves. The Evolution 0/ Modern Capitalism, by J. A. Hobson,
parallels Sombart's work; and while the original edition drew specially on
English sources his latest edition openly acknowledges a debt to Sombart. In
America Thorstein Veblen's works, taken as a whole, including his lessappreciated books like Imperial Germany and The Nature 0/ Peace, form a
unique contribution to the subject. For the resources of modern technics
Erich Zimmerman's recent survey of World Resources and World Industries
fills what up to recently had been a serious gap; this is complemented, in a
degree, by H. G. Wells's somewhat diffuse study of the physical processes
of modern life in his The Work, Wealth and Happin ess 0/ Mankind.
For further comment on some of the more important books see the following list. The Roman numerals in brackets refer to the relevant chapter
or chapters.

All port, Floyd A.: Institutional B ha "
A critical and on the whole fair a e .' vlolr. Chapel Hill: 1933
l

Ackerman, A. P., and Dana,
York: 1927.

R. T.: The Human Machine in Industry. New

Adams, Henry: The Degradation

0/ the Democratic Dogma.

New York: 1919.

Adams:S attf'mpt to adapt the Phase Rule to social phenomena though lIn~ollnd. re·
sulted ID a very interesting prediction for the final phase. which ~orrespond~, in effect,
to our nefJtcclinic one. [v)

Agric?~a, GeorgiU!;: De Re Metallica. First Edition: 1546. Translated from
edltlOn of 1556 by H. C. Hoover and Lou Henry Hoover, 1912.
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R. G.: Introduction to Military Hi.~tory. New York: 1929. [II]
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Appier, Jean, and Thybourel, F.: Recueil d Pi .
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Feux Artificiels Pour la Guerre et R e u~teurs Maclllnes Militaires et
[II]
ecreatton. Pont·a·Mou.son: 1620.

Ashton, Thomas S.: I ron and Steel in the I d t' l R

n us na

1924.

.
evolutIOn.

New York:

Useful introduction to the subject, perhaps the best in En r h
.
[n, IV, v 1
g IS . But see LudWIg Beck.

Babbage, Charles: On the Economy
't'
L d . 1832 [ ]
. IV
Ed 1 lOn. on on.

0/ Machinery and 'fanu factures. ::-econd
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. the landmarks in paleotechnic thought ' by a dist'l ngU!.
matlclan.

Exposition 0/ 1851; or, Views of the Industry, the Science and the Gov.
ernment 0/ England. Second Edition. London: 1851.

Bacon, Francis :

1605.

0/

the Advancement of Learning. First Edition. London:

A synoptic survey of the gaps and achievements 01 p.otechnic knowledge: pre·
Galilean in its conception of scientific meth'Jd but nevertheless highly &uggestive,
[I, III)

Novum Organum. First Edition. London: 1620.
The New Atlantis. First Edition. London: 1660.

An incomplete utopia: useful only ~s an ~i~torical docume~l. For a ,more ~t.imate
view of current techniCS and a new IDdustnal ofder, ~ee J. ,. Andreae CWhIlllO,.

olis.

Bacon, Roger: Opus Majus. Translated by Robert B. Burke. Two vol. Phil·
adelphia: 1928. [I, III]
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Barnett, George: Chapters on Machinery and Labor. Cambridge: 1926

Berdrow, Wilhelm: Alfred Krupp. Two vols B

Bartels, Adolph: Der Bauer in der Deutschen Vergangenheit. Second Edi.
tion. Jena: 1924.

Berle, AdoH A., Jr.: The Modern Corporation and P .
York: 1933. [VIII]
rwate Property. New

Factual discussion of the displacement of labor by automatic machines. [v, V;u]

Like the other hooks in this series, richly illustrated.

Bavink, Bernhard: The Anatomy of Modern Science. Translated from Ger.
man. Fourth Edition. New York: 1932.
A useful survey whether or not one accepts Bavink's metaphysics [J]

Bayley, R. C.: The Complete Photographer. Ninth Edition. London: 1926.
The hest general book in English on the history and technique of modern photography.
[v, VII]

Beard, Charles A. (Editor): Whither Mankind. New York: 1928.
Toward Civilization. New York: 1930 [VII, VIII]

firt book attempts to a~swer how far and in what manner various aspects of
hfe have been affected by sCIence and the machine. The second is a confident and
somewhat muddled apology for modern technics, which however is prefaced by an
excellent critical essay by the editor.
~he

Bechtel, Heinrich: Wirtsehaltsstil des Deutschen Spatmittelalters. Munchen:
1930. [III]

Follows in detail the trail blazed by Sombart: treats art and architecture along with
indu&try and commerce. Good section on mining.

Beck, Ludwig: Die Geschichte des Eisens in Technischer und Kulturgeschicht.
licher Beziehung. Five vols. Braunschweig: 1891·1903. [II, III, IV, V]
A monumental work of the first order.

Beck, Theodor: Beitriige xur Geschichte des Machinenbaues. Second Revised
Edition. Berlin: 1900. [I, III, IV]

Becau"e it summarizes the achievements and the technical books of the ·early Italian
and German engineers, it has special value for the historical student.

Beckmann, J.: Beitriige zur Geschichte der Er findungen. Five vols. Leipzig:
1783·1788. Translated: A History 01 Inventions, Discoveries and Origins.
London: 1846.

The first treatise on the history of modern technics j not to be lightly passed over
even today. Particularly interesting necause, like Adam Smith's classic, it ~hows the
bent of eotechnic thought before the paleotechnic remlution.

Bellamy, Edward: Looking Backward. First Edition. Boston: 1888. New Edi·
tion. Boston: 1931. [VIII]
A somewhat dehumanized utopia which has nevertheless gained rather than lost
ground during the la8t generation. It is in the tradition of Cabet rather than Morris.

Bellet, Daniel: La Machine et la Main·d'CEuvre Humaine. Paris: 1912.
L'Evolution de l'lndustrie. Paris: 1914.
Bennet and Elton: History 01 Commercial Milling. [III]
Uaeful work. But lee Usher'. criticism.

Bennett, C. N.: The Handbook

0/ Kinematography.

1913.
Bent, Silas: Machi,.. Made Man. New York: 1930.

Second Edition. London:

Exhau~tive

picture of one of the great paleot' t ~\m. 1~27. [IV)
lack of reference to his pioneer work in housi~~.8. UI cunously incomplete in ita

Excellent factual study of the concentration of
d
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Besson, Jacques: Theatre des Instrumems Mathernali ues et M'
.
Geneve: 1626. [Ill]
q
eclunuquea.
The work of a sixteenth century mathematician who w
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.
as a so a nIh ant technician.

BmnguccI, VannucclO: De La Plrotechnia Venice' 1540 T i d
German. Braunschweig: 1925. [ I I I ] '
.
. rans ate into
Blat:j George G.: History oj Radiotelegraphy and Telephony. London: 1926.
Bodin, Cha~les: Ec?~omie Dirigee, Economie Scientifique. Paris: 1932.
ConservatIve opposltlon.

Boissonade, Prosper: Lije and Work in Mediaeval Europe: Fifth to Fifteenth
Centuries. New York: 1927. [III]
A good contribution to a well·conceived and well-edited eerie•.

Booth, Charles: Lile and Labor in London. Seventeen vols. Begun 1889.
London: 1902. [rv]

Factual picture, massive and complete, of the level of life in a great imperial metropolis. See also the later and more compact survey.

Borsodi, Ralph: This Ugly Civilization. New York: 1929. [VI]

An attempt to show that with the aid of the electric motor and modern machinea
household industry may compete with mass production methode. See Kropotkin for
a far sounder statement of this thesis.

.

Bottcher, Alfred: Das ScheinglUck der Technik. Weimar: 1932. [VI]
Bou rdeau, Louis: Les Forees de rIndustrie: Progres de la PUUltJnce HU1JI(I/,u.
Paris: 1884.
Bouthoul. Gaston: L'Invention. Pari!!: 1930. [I]
Bowden, Witt: Industrial Society in Enrland TOW(J1'd &he EM ollh
,~enth Century. New York: 1925. [IV

liP'-

Should be supplemented with Mantoux and Halevy.

Boyle, Robert: The Sceptical Chymist. London: 1661.

Bragg, William: Creative Knowledge: Old Trade. aM NIfIJ ScitftYork: 1927.
Brandt, Paul: Schaffende Arbeit und BildenJe KUJIII. VoL I: .,.
und Mittelalter." [I, II, Ill] Vol. II: "Yom Mittelalter"Lei pzig: 1927. [Ill, IV]
Draws on the important illustrations of Straduua. AII""";s : ....
for presentation of eotechnic industry. But falla to udlile
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Branford, Benchara: A New Chapter in the Science of Government. London:
1919. [VIII]
Branford, Victor (Editor): The Coal Crisis and the Future: A Stlldy 01 Social Disorders and Their Treatment. London: 1926. [v]
Coal-W'ays to ReconstTllction. London: ] 926.
Branford, Victor, and Geddes, P.: The Coming Polity. London: 1917. [v]
An application of Le Play ann Comte to the contt'11lpnrary situatiun.

Our Social Inheritance. London: 1919. [VIII]

Branford, Victor: Interpretations and Forecasts: A SIllily of Survivals and
Tendencies in Contemporary Society. Ne\\ York: 1914.
Science and Sanctity. London: 1923. [I, VI, VIII]
The most comprehensive ~tatement of Branford's philosopllY' at times obscure, at
times wilful, it is nevertheless full of profound and penetrating ideas.

Brearley, Harry C.: Time Telling Through the Ages. New York: 1919. [I]
Brocklehurst, H. J" and Fleming, A. P. M.: A History of Engineering. London: 1925.
Browder, E. R. : Is Planning Possible Under Capitalism? New York: 1933.
Buch der Er findungen, GeU'erbe und 1ndustrien. Ten vols. Ninth Edition.
Leipzig: 1895·1901.
Bucher, Karl: Arbeit und Rhytlzmus. Leipzig: 1924. [I, II, VII]

A unique contribution to the subject which has been expendt'd and modified in the
course of numerous editions. A fundamental discussion of esthetics and industry.

Buckingham, James Silk: National Evils and Practical Remedies. London:
1849. [IV]

The quintessence of paleotechnic reformism: a utopia whose defects like that of
Richardson's Hygeia, bring out the characteristics of the period.

Budgen, Norman F.: Aluminium and Its Alloys. London: 1933. [v]
Burr, William H.: Ancient and Modern Engineering. New York: 1907.
Butler, Samuel: ErewllOn, or Over the Range. First Edition. London: 1872.

Describes an imaginary country where people have given lip machine~ and carrying
a watch is a crime. While looked upon as pure sport and satire in Victoria,l ti mes,
it points to an unconscious fear of the machine that still Burvives, not wil hout some

reason.

Butt, I. N., Ilnd Harris, I. S. : Scientific Research ancI Human Welfare. New
York: 1924.
Popular.

Buxton, L. H. D.: Primitive Labor. London: 1924. [II]

Bym, Edward W.: Progress
York: 1900. [IV]

0/

Invention in the Nineteenth Century. New

Useful aynopsia of inventions and processes.
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Campbell, Argyll, and Hill, Leonard: Health and E
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nvironrnent. London'.
192,). IV, V
Full of valuaLle data on the defects of the paleotechBlC
. envuonment.
.

Capek, Karel: R.U.R. New York: 1923. [v]
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Carter, Thurnas F.: The Invention
ward. New York: 1931. [III]

01 Printing in China and Its S

pread Wes,.

A brilliant book which adds an important supplement to U h ' h
All but estahlishes the last link in the chain that binds t~ er B c apter on printinl.
in Europe to its earlier development-including cast metal tye ap~rCah~ce of printiq
pea-m
ma and Korea.

Casson, H. N.: Kelvin: His Amazing Lile and Worldwide Influe
Lo d •
1930. [v]
nee. n on.
History of the Telephone. Chicago: 1910.
Chase, Stuart: Men and Machines. New York: 1929. [IV, V, VIII]
Superficial but suggestive.

The Nemesis of American Business. New York: 1931. [v]
See study of A. O. Smith plant.

The Promise 0/ Power. New York: 1933. [v]
Technocracy; an Interpretation. New York: 1933.
The Tragedy of Waste. New York: 1925. [v, VIII]

The best of Cha~e's books to date, probably: full of useful material on the pena • •
of modern commerce and industry.

Chittenden, N. W.: Life

0/

Sir Isaac Newton. New York, 1848.

Clark, Victor S.: History of Manufactures in the United SIGle•. (1607.1928.)
Three vols. New York: 1929. [m, IV]
Since the eotechnic period lingered, even in advanced parts of the country, till the
third quarter of the nineteenth century this work is a valuable study of late eotlfhleo
practices-including surface mining.

Clay, Reginald S., and Court, Thomas H.: The History 0/ ,he Microaeo,..
London: 1932. [I1l]
Clegg, Samuel: Architecture of Machinery: An Essay Oil Propriety of , ..."
and Proportion. London: 1852. [VII]
Cole, G. D. H.: Life of Robert Owen. London: 1930.

Good stuoy of an important industriali.1 and utopian whoee pie. . . . . .,j
trial managemt'nt and city building are atill bearinC fruit.

Modern Theories and Forms

0/

IndWlriGl

[VIII ]
Cooke, R. W. Taylor: Introductioll to HislOry
1886.
Good historic perspective; but mu.t DOW

OrpnittJIiM.
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Coudenhove-Kalergi, R. N.: Revolution. D.,.
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Coulton, G. G.: Art and the Reformation. New York: 1928. [I, III]
Court, Thomas H., and Clay, Reginald S.: The History of the MicroJCope.
London: 1932. [m]
Crawford, M. D. C.: The Heritage of Cotton. New York: 1924. [IV]
Cressy, Edward: Discoveries and Inventions of the Twentieth Century. Third
Edition. New York: 1930. [v]
For the layman.

Dahlberg, Arthur: Jobs, Machines and Capitalism. New York: 1932. [v,

VIII]
An attempt to solve the problem of labor displacement under technical improvement.

Dampier, Sir William: A History of Science and Its Relations with Philos.
ophy and Religion. New York: 1932. [I]
Dana, R. T., and Ackerman, A. P.: The Human Machine in Industry. New
York: 1927.
Daniels, Emil: Geschichte des Kriegsweseru. Six vols. (Sammlung Goschen)
Leipzig: 1910·1913. [II, III, IV]
Perhaps the best small general introduction to the development of warfare.

Darmstaedter, Ludwig, and others: Handbuch zur Geschichte der Naturwis·
seruchaften und der Technik: In Chronologischer Darstellung. Second
Revised and Enlarged Edition. Berlin: 1908. [I.VlIl]
An exhaustive compendium of dates, but better for science than technics.

Demmin, Auguste Frederic: Wea pons 0 f War: Being a History of Arms and
Armour from the Earliest Period to the Present Time. London: 1870.
[11]
Descartes, Rene: A Discourse on Method. First Edition. Leyden: 1637.

One of the foundation stones of seventeenth century metaphy~ics: not seriously ::hal·
lenged in scienc~xcept among physiologists like Claude Bernard-till Mach.

DeMauer, Friedrich: Philosophie der Technik. Bonn: 1927.

A book with a high reputation in Germany; but a little given to laboring the obvioul.

DeutBches Museum: Amtlicher Fuhrer durch die Sammlungen. Munehen:
1928.
Diamond, Mosel: Evolutionary Development 01 Recorutructive Dentistry.
Reprinted from the New York Medical Journal and Medical Record.
New York: Auguat, 1923. [v]
Dlela, Hemwm: Anlike Technik. First Edition. Berlin: 1914. Second Edi.
tioD. 1919.
Roland B.: The Buildi"l 0/ Culture,. New York: 1928.
_. L: TIN Fro"';"r, 0/ Lan",.ge and NGliona1iJr in Europl. New

( )

ft.t SociaJ Cr,dil. Third Edition. London: 1933.
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Dulac, A., and Renard, G.: L' Evolution Indwtriellt d A • ,_
Cinquante An8. [IV, V]
P1COMr fit,.", CtiI
Good pidure of the last century and a hair. development.

Dyer, Frank L., and Martin, T. C.: Edi80n: Hi, Lile and 1
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York: 1910.
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Eckel, E. c.: Coal, Iron and War: A Study in Indu,'ri4li,m P4" __ ~ •
New York: 1920.
•
IIIIIU"".
Int~r~ ting

tudy arising in part out of the atreleee of the World War.

Economic Significance oj Technological Progreu: If Repo I
oj Industrial Engineers. New York: 1933. [v, VIII]
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Eddington, A. S.: The Nature of the Phy,ical World. New York: 1929. [vm)
Egloff, Gustav: Earth Oil. New York: 1933. [v]
Ehrenberg, Richard: Das Zeitalter der Fugger. lena: 1896. TrUlilated.
Capital and Finance in the Age 01 t~ Renaiuance. New York: 1928.
[I, II, III]

Elton, John, and Bennett, Richard: History 01 Cor" Milling. Four volt. Loadon' 1898·1904.
EncyclopUie (en folio) des Science" de. Ar" eI de, Mit;,,,. Ret:uil u
Planches. Paris: 1763. [Ill]

A cross section of European t~chnice in the middle of the eichteeath ClIIdIll'J. wkIa
special reference to France, which by then had taken the lead from 8"n...
detailed explanation and i1IuslIation of procellel give it lpecial l_portIIICI. " .
engravings I have used are typical of the whole work. The EA()dIt,HW ......
slighted by German hbtorians of technics. In it. illustration of tha di'ril108 .1 ....
it is a graphic commentary on Adam Smith.
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Engelhart, Viktor: Weltanschauung urul TecMik. Leipli8:

1m.

Engels, Friedrich: The Condition 01 the Workillg Clan ill EneW'"
Tran lated. London: 1892. [IV]
Fir thand picture of the horron of paleotecbnic iJul111lda1i1a 'at.
greate<t crise: further documentation has earicbed. but DIll ",,' UI"
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Engels, Friedrich, and Marx, Karl: Mani/e.ao 0/ aM (AI.....
York: 1930. [IV]
Enock, C. R.: Can We Set the World in Or~u'! fM N.iIIij
World Culture; An Appeal/or alae Dtvtlo",."., ~
01 Corporate Lile . . . a New Science ./
ning. London: 1916. [v, vm]
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Eyth, Max: Lebendige Kra/te; Sieben Vortrage aus dem Gebiete der Technik
First Edition. Berlin: 190.4. Third Edition. Berlin: 1919.
.
Farnham, Dwight T., and others: Profitable Science in Jndustry. New York'
1~.
.
Feldhaus, Franz Maria: Leonardo; der Techniker und Erfinder. lena: 1913.
[III]
Die Technik der Vorzeit; der Geschichllichen Zeit und der Naturvolker.
Leipzig: 1914.
Ruhmesbliitter der Technik von der Urerfindungen bis zur Gegenwart. Two
vols. Second Edition. Leipzig: 1926. [I·VIII]
An invaluable work.

Kulturgeschichte der Technik. Two vols. Berlin: 1928. [I·VIII]
Lexikon der Erfindungen und Entdeckungen auf den Gebieten der Natur.
wissenschaften und Technik. Heidelberg: 1904..
Technik der Antike und des Mittelalters. PObdam: 1931. [III]

Although not always exhausth·e in his treatment of ~"urces outside Germany or the
German literature of Ihe subject, Feldhaus has placed the student of the historical
development of technics under a con~tant debt.

ferrero, Gina Lombroso: The Tragedies
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Progress. New York: 1931.

A weak book which exaggerates the virtues of the pa~t and does not succeed in pre·
senting a dra~tic enough criticism of the present, despite the obvious bias againlt
it. [VI]

Field,

J. A.: Essays on Population. Chicago: 1931. [v]

flanders, Ralph: Tammg Our Machines: The Attainment
in a Mechanized Society. New York: 1931. [v, VIII]

outburst. [VII]
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Human Values

Fleming, A. P. M., and Brocklehurst, H. J.: A History of Engineering. Lon·
don: 1925.
Fleming, A. P. M., and Pearce, 1. G.: Research in Industry. London: 1917.
Foppl, Otto: Die Weiterentwicklung der Menschheit mit Hille der Technik.
Berlin: 1932.
. . .. Henry: Today and Tomorrow. New York: 1926.
r_J~ 1OTVJGrd. New York: 1930.
and Fork. New York: 1926. [v, vm]
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Fournier, Edouard: Curiosites des Invention. et DecouNIfU. ~Id.
Fox, R. M.: The Triumphant Machine. London: 1928.
Frank, Waldo: The Rediscovery

0/ America. New York: 1929. [VI}

Some valuaLII' comments on the 8ubjective effecta of meclwdzatlcm.

Freeman, Richard A.: Social Decay and Regeneration. Lcmdon:
An upper class criticism of the machine from the ltandpoint of h-.. ....
resulting. See Allport for a more intelligent Itatement.

Fremont, Charles: Origines et Evolution des Dutil•• Paris: 1918.
Frey, Dagobert: Golik und Renaissance all Grundlagen der
lanschauung. Augsburg: 1929. [I, VII]

A brilliant and well·illu!'.trated study of a difficult, delicate and ..w .....

Friedell, Egon: A Cultural History
York: 1930·1932.
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Usually witty. sometimes inaccurate. occalionaU,. obacurallliat: nat
about matters of fact, but, like Spengler, occuionaUy vaJuabIe ..
not achieved by more academically competent mindl.

Frost', Dr. Julius: Die Hollandische LandwirucluJp; liII
Rationalisierung. Berlin: 1930.
Gage, S. H.: The Microscope. Revised Edition. Ithaca: 1912.
Galilei, Galileo: Dialogues Concerning Two New SeNa...
[I, III]
A classic.

Essays by an engineer who realizes that the machine age is not a pure utopia.
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Die Form remains an indispensable record of Germany'. Ihort 1aut

Gantner, Joseph: Revision der Kunstgeschlclale.
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Gantt, H. L.: Work, Wages and Profill· ew YOlk:,.!
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Geddes, Patrick: The Classification
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Statistics. Edinburgh: 1881.

Early papers by Geddes still suggeotive to those capable of carrying Geddes's I
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Geddes's earlier e5says distinguishing the paleotechnic from the neotechnic period
appear here.

Geddes, Patrick, and Thomson, J. A.: Lile; Outlines
Two \'ols. :\ew York: 1931.
Biology. New York: 1925.

01

General Biology.

The smaller book gives the skeleton of the larger work in dwarf form. The later
chapters in Volume II of Life are perhaps the best epitome of Geddes's thought as
yet available. He projected a similar work in Sociology but did not live to corn·
plete it.

Geddes, Patrick, and Slater, G.: Ideas at War. London: 1917. [II, IV]

A brilliant enlarged sketch of Geddes's smaller article on Wardom and Peacedom
that appeared in the Sociological Ret'iew.

Geer, William

c.: The Reign 01 Rubber. New York: 1922.

[v]

One of the few available books on a subject that calls for more extended and IIchol.
arly treatment than it has yet enjoyed.

Gcitel, Max (Editor) : Der Siegeslaul der Technik. Three \'ols. Berlin: 1909.
George, Henry: Progress and Poverty. New York: 1879.

While George's o\'erernphasis of the role of the private appropriation of the rent of
land caused him to ghe a highly one·sided account of modern industrialism, his
work, like Marx's, is a landmark in criticism.

Giese, Fritz: Bildungsideale im Maschinenzeitalter. Halle, a.S.: 1931.
Glanvill, Joseph: Scepsis Scientifica; or Confessed Ignorance the Way to
Science. London: 1665. [I]
Glauner, Karl, Th.: Industrial Engineering. Des Moines: 1931.
Gloag, John: Artilex, or The Future

01 Craftsmanship.

New York: 1927.

Glockmeier, Georg: Von Naturalwirtschalt zum lIfillardentribut: Ein Lang·
schnitt durch Technik, Wissenschalt und Wirlschalt zweier /ahrtausende.
Zurich: 1931.
Goodyear, Charles: Gum' Elastic and Its Varieties. 1853. [v]
Gordon, G. F. C.: Clock making, Past and Present; with which Is Incorpor.
ated 'he More Important Portions 01 "Clocks, Watches and Bells" by the
'ale Lord Grimthorpe. London: 1925. [I, III]
Graham, J.

J.: Elementary HiI'ory 0/ the Progreu 01 'he Art 0/ War. Lon·

don: 1858. [II]
Cra, N. S. D.: Ind",'rial EtJolution. Cambridge: 1930. [I.V]

'0 Economic HiI,ory. New York: 1922.
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Hale, W. J.: Chemistry Triumphant. Baltimore: 1933. [v]
Halevy. Elie: The Growth of Philosophic Radicalism. London: 1928. [IV]
The best history of the ideulogy of the utilitarian.

Hammond, John Lawrence and Barbara: The Rise 0/ Modern Industry. New
York: 1926. [Ill, IV]
The TORn Labourer. (1760·1832).
The Skilled Labourer (1760·1832), New York: 1919. [IV]
The Village Labourer. London: 1911. [III, IV]

This <eries of books, even the more general one on the rise of modem indullry, is
based almost exclll ively on Briti-h documental ion. Within these limits it conetilulf!!'
the most vivid. rna ive, and lInchallengable picture of the beginnings of the paleo·
technic re:;ime and it, proud progre - that has been done. Cf. Engels, Mantoux, and
for contra~t Ure. The pattern described by the Hammonds was followed, with minor
variations. in every other country.

n.: Science in Action.

'ew York: .1931.
Harris, L. S., and Butt, I. N.: Scientific Research and Human "el/"".

Hamor. William A., and Weidlein, E.

New York: 1924. [v)
Harrison. H. S.: Pots and Pan5. London: 1923. [II]
The Evolution 0/ the Domestic Arts. Second Edition. London: 1925.
Travel and Transport. London: 1925. [n]
War and Chase. London: 1929. [11]
An excellent .eries of introductions: but note particularly that OD war ud tM pt
Hatfield, H. Stafford: The Inventor and His World. New York: 1933Hauser, Henri: La Modernite du XVle Siecle. Parie: 1930. [I]
Hausleiter, L.: The Machine Unchained. New York: 1933Worthless.

Hart, Ivor B.: The lIfechanicallnvestigatiom
1925. [Ill]
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Henderson, Fred: Economic Consequences of Power Production. London:
1931. [v, vm]

Able and well-reasoned study of the tendencies to automatism and remote cont l'
.
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Henderson, Lawrence J.: The Order of Nature. Cambridge: 1925. [I]
The Fitness of the Environment: An Inquiry into the Biological Signifi·
cance of the Properties of Matter. New York: 1927. [I, VIII]

A brilliant and original contribution which reven;es the usual treatment of adapta':.. on.

Hendrick, B.

J.:

The Life of Andrew Carnegie. New York: 1932. [IVJ

Hill. Leonard, and Campbell, Argyll: Health and Environment. London:
1925. [IV, V]
Valuable.

Hine, Lewis: Men at Work. New York: 1932. [vJ

Photographs of modern workers on the job. The kind of study that should be done
systematically if Geddes's Encyclopedia Graphica is ever to be done.

Hobson, John A.: The Evolution of Modern Capitalism; a Study of Ma·.
chine Production. New Edition (Revised). London: 1926. [I-V]
Incentives in the New Industrial Order. London: 1922. [VIIIJ
Wealth and Life; a Study in Values. London: 1929_ [VIII]

One of the most intelligent, clea"-thinking and humane of the modern economists.
These books are a useful corrective to uncritical dreams of the "new capitalism" so
fashionable in America between 1925 and 1930.

Hocart, A. M.: The Progress of Man. London: 1933.

Brief critical survey of the various fields of anthropology, including technicM.

Hoe, R.: A Short History of the Printing Press. New York: 1902.
Holland, Maurice, and Pringle, H. F.: Industrial Explorers. New York: 1928.
Hollandsche Molen: Eersle laarboekje. Amsterdam: 1927. [IllJ
Report of the society for preserving the old mills of Holland.

Holsti, R.: Relation of War to the Origin of the State. Helsingfors: 1913. [II]

A book that challenges the complacent old-fashioned notion which made war a peculiar property of savage peoples. Demonstrates the rituali tic nature of much primi.
tive warfare.

Holzer, Martin: Teclmik und Kapitalismus. Jena: 1932. [VTIl]

A ket'n criticism of technicism and pseudo-efficiency fostered by modern large 8cale
finance.

Hooke, Robert: Micrographia. London: 1665. [IJ
Posthumous Works. London: 1705.
Hopkins, W. M.: The Outlook for Research and Invention. New York: 1919.

(vl

Hough, Walter: Fire as an Agent in Human Culture. Smithsonian Institution,
Bulletin 139. Washington: 1926. [II]
Howard, Ebenezer: Tomorrow; A Peaceful Path to Reform. London: 1898.
1
Second Edition entitled: Garden Cities of Tomorrow. London: 1902. [v

A book which describes one of the

n
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. See also J(ropotkin and Geddes's Cities in Evolution.
city.
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George: Inventors at Work. New York: 1906.
e~eading American Inventions. New York: 1912.

Jameson, Alexander (E:ditor): A Dictionary of Mechanical Science, Arts,
ManuJactures and fl.hscellaneous Knowledge. London: 1827. [m, IV]
Jeffrey, E. C.: Coal and Civilization. New York: 1925. [IV, v]
Jevo , H. Stanley: Economic Equality in the Cooperative Commonwealth.
ns
London: 1933. [VIIIJ
Detailed Suggestions for a typically English and orderly passage to communism.

Jevons, W. Stanley : The Coal Question. London: 1866. [IV]

A book which called attention to the fundamentally insecure basis of the paleotech.
nic economy.

Johannsen, Otto: Louis de Geer. Berlin: 1933. [III]

Short account of a Belgian capitalist who waxed fat in the mumtlOns industry in
seventeenth century Sweden. See also the account of Christopher Pol hem in Usher.

Johnson, Philip: Machine Art. New York: 1934.
A study of the basic esthetic elements
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machine forms.

Jones, Bassett: Debt and Production. New York: 1933. [vm)
An attempt to prove that the rate of indu~trial production is decreasing while the
structure of debt rises. An important thesis.

Kaempffert, Waldemar: A Popular History of American Invention. New
York: 1924. [IV, v]
Kapp, Ernst: Grundlinien einer Philosophie der Technik. Braunschweig:
1877.
Keir, R. M.: The Epic oj Industry. New York: 1926. [IV, v]

Deals with the development of American industry. Well illustrated.

Kessler, Count Harry: Walter Rathenau: His Life and JT'ork. New York:
1930. [v]
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Kirby, Richard S., and Laurson, P. G.: The Early Years of Modem Civil
Engineering. New Haven: 1932. [IV]
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Klatt, Fritz: Die Geistige Jf' en dung des Maschinenzeitalters. potsdam: 1930.
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ew York'
Knight, Edward H.: Knight's American Mechamca
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Koffka, Kurt: The Growth of the Mind. New York: 1925.
Kollmann, Franz: Schonheit der Technik. Munchen: 1928. {vn}

462

BIBLIOGRAPHY

TECHNICS AND CIVILIZATION

G?od study with numerous photographs wh'ch I d
WIt It later forms.
I
a rea y needs a s upp1ement dealing
Kraft. Max: Das System der Technischen Arbeit. Four
K
] I
vols. Leipzig: 1902.
rann Ia s, Paul: Das Organische Weltbi/d Two
..
Der
der Technik. Munchen: 1932: [I]
vols. Munchen: 1928.

Tf'elt.sin~

DeT IF eltsznn IS an attempt to form a critical 1'1
h
other aspects of life.
p 11 osop y of technics and relate it to
Kropot~in. P.: Fields, Factories and Workshops; or Industr Y Combi
.
Ed ' .
ned tVlth
AgrzcuitlLre and Brainwork with Manual WO I, F'
. d Ed' .
L
rlf.. lTst
Ihon 1898 R
vise
Itlon. ondon: 1919. [v, VIII]
,
• e·

An early attempt to trace out the implications of the neoteehnic
enforced by later developments in electricity and factory p d t ' eco~omy, greatly reo
Mutual Aid. London: 1904.
ro uc Ion. ee Howard.
Kulischer,

A. M., and Y. M.: Kriegs und Wanderzuge; Weltgeschichte als

l' oikerbelugung. Berlin: 1932. [II, IV]

a

Labarte:. Histoire des Arts Industrielles au Moyen Age et
L'Epoque de la
Renalssance. Three \'ols. Paris: 1872·1875.
Doe not live up to the promise of its title. See Boissonade and Renard.
Lacroix, Paul: Military and Religious Life in the Middle Ages and ..

the Renaissance. London: 1874. [II]

Leplay House: Coal: ~ ays to Reconstruction. London: 1926.
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[v]

Levy, H.: The Universe 0/ Science. London: 1932.
Good introduction. [I, v]
Lewis, Gilbert Newton: The Anatomy 0/ Science. l\ew Haven: 1926. [I, V]
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•• iloux. Paul: La RefJolution Indu&trielle du XVllle Siecle. Paria: 1906-

Tranal.ted.
ImllUlrial RetJolution. First Edition. Paris: 1905. Translated. New York:
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Collective symbols, 191
Collectivism, 281
Color, new importance of. 246
scientific researches on, 201
Committee, Hoover, 393
Commune, 111
Communication, 241
effect of paper upon, 136
instantaneous, 240
paradox of, 239
Communism, 403
Compensations, primitive, 300
Competition, 195
Competition, naval, 193
Complex, technical, 110
Comte, Auguste, 136, 219
Concentration, 162
Conceptual reorganization, 205
Conference, International Arms, 165
Conflict, 308
Congestion, losses from, 238
Conservation, 255, 430
Conservatoire des Arts et Metiers, 32
Consumers, 93
organization of, 417
Consumption, 390
mass, by army, 93
new norms of, 422
normalization of, 398
Contraception, 260
Contraceptives, 175
Control, political, 417, 421
Conurbation, 163

Conversion, 375, 380
power, 401
Co-operation. 278
Copper, 229
Corbu~ier. Le, 352
Corporations, 421
Cort, Henry, 91, 164
Coster, 135
Coulton, 13
Counting, automatic, 231
Courtesan, importance of, 98
Cranes, 334
Crawford, M. D. C., 144, 475
Creation. 376, 378
Creative life, social nature of, 409
Crescograph, Bose'~, 254
Cross-hauls, 388
Crystal Palace, 155, 207
Cubists, 335
"Cultural lag," 316
Cultural re-individuation, 294, 295
Culture, differentiation of, 107
regimentation of, 96
Curie, 246
Curves, aerodynamic, 253
Cutlery, Sheffield, 203
Czechoslovakia, 430
Daguerreotype, 338
Dances, erotic, 299
Danger, social, 367
Danzig, 144
Darby, Abraham, 156
Darby process, 164
Darmstaedter, 54, 437
Darwin, Charles, 186
Darwin, Erasmus, 138, 159
Data, primary, 370
Day-dreams, puhlic, 315
Death, Cult of, 307
DeCaus, 159
Decline of the West, 265
Decoration, misuse of, 345
Defectives, 176
Deflation, 401
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DeForest, 218, 234
Eanhll, metallic, 231
Eckel, 151
Deforestation. 72
De Gennes, 141
Ecole Polytechnique, 219
De Magnete, 221
Economic Man, 111, 269, 286
Democracy, 178
EconomiCII, Victorian, 392
De Morgan, 204
Economy, imponance in machine an,
353
De Motu Animalium, 250
in production, 251
Denmark, 259, 388
medieval, breakdown of, 99
Dentistry, 253
new possibilities of, 388, 391
De_regionalization, 290
Edison, 218, 221, 251
De Re Metallica, 65
Educator, 389
Descartes, 41, 55, 131
Efficiency, 432
Deutsches Museum, 57
Eiflel Tower, 208, 345, 351
Devaluation, social, 353
Einstein, 369
Devices, safety, 248
Electric motor, introduction of, 224
Dewey, Professor John, 423
effect on factory, 226
Dickens, 204
Electricity, 222
Dickinson, Emily, 330
effects on industry, 225
Diesel, 236
organic production of, 255
Diesel engine, 235
transformation of environment b" 25S
Dionysius of Syracuse, 86
Electrification, 264
Discourse on Method, 55
Electro-magnetic engine, 221
Discoveries, scientific, neotechnic, 214
Elevator, 158
Discovery, 60
Emerson, 253, 330, 344
Diseases, paleotechnic, 170
Empire, Roman, 379
prevention of, 247
Empiricism, Paleotechnic, 194
Disney, Walt, 341
Energetics, social, 373
Disruption, social, 4?
Energy, conquest of, 375
Diversion of Energy, 377
new sources of, 221, 222
Domesday Book, 114
non-organic, 117
Doughty, C. M_, 204
primitive surplus of, 66
Doulton Pottery Works, 200
problem, 380
Dreams, mechanical, 38
Engels, Friedrich, 187
Dress, woman's, 354
Engine, atmospheric, 161
Drill, re-introduction of, 92
Newcomen, 160
steam pumping, 159
deterioration through, 94
"water-coIDIDandinlo" 160
Dualism, 249
Enlineer, 219
Duchamp, Marcel, 351
automotive. 2S'l
Durhamp-Villon, 335
primitive. '17
Dudley, Dud, 156
Dutch, 116
!"'uration, 16
Engineerialo lurea.
Dwellings, worker's standardized, 140
England, 151, . .
Dye industry, 194
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Erewhon. 284, 301
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Eathetic Compeneation, 199
experience, new fact of. 333
new. 322
refinement. 359
spectacles, new. 325
Euler. 214
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Faraday, Michael, 52, 214. 221, 831,869
Fauelue, Dr.• 331
Fear, 42
exploitation of, 195
Feldhaus, Franz Marie, 158, 437
Felibrigistes, 291
Fifteenth Century, 408
Finality, 318
Finance, 24
cycle of, 76
Financial structure, 374
Fire, 79
Firearms, effect of, 87
Fisherman, 63
Flame-throwers, 310
Fleming valve, 234
Fletcher, J. G., 475
Flight, dream of, 37
Flint, importance of, 66
Flying machine, Leonardo's, 140
Flying shuttle, 144
Fontana, Joannes, 22, 141
Food supply, 186
Foods, mass-distribution of, 206
Forceps, obstetrical, 206
Ford, Henry, 225, 226, 386
Foreign markets, struggle for, 190
Form, new interest in, 253
simplification of, 348
Forq, Nicholas, 134
Fourneyron, 118, 143, 213
Frank, Waldo. 343
Franklin, Benjamin, 43, 167
Freud,248
Frey. Dagobert, 18
Froat, Robert. 371
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Gal engine, 235
Gales, poison, 169. 310
Gauge. strain, 254
Gauguin. 204
Geddes. ProfeRlor Patrick, 109, 151,
163, 319, 370, 475
Geographer, 389
Gerbert, 13
Ghengis Khan, 308
Ghosts, 195
Gibbs, Willard, 219, 369
Gilbert, Dr. John, 138, 221
Glanvill, 58
Glass. 124
and ego, 128
as symbol, 125
colorless, 125
drinking, 352
in chemistry, 127
technics, 245
transparent, 128
Venetian, 124Glass-making, 143
Gnomes, 73
God, as eternal clockmaker, 3~
Gods, 326
Goethe, 331, 410
Gold, use of, 66
Goods life. 105
Goods, manufactured, 228
8tandardized, 92
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History, overemphasis of, 293
Hobson, J. A., 142, 395, 397, 406
Hoffmann, 204
Holland, 148, 161, 259, 390
Hooke, Robert, 49, 57
Horsepower, 112
Horseshoe, iron, 112
Horticulture, 148
Hothouses, glass, 125
Hours, canonical, 13
House of Terror, 175
Housing acts, 192
Howard, Ebenezer, 370, 426
Hugo, Victor, 204, 289
Hull House, 347
Humanist movement, 407
Humanity, ideals of, 85
Hunter, 61
Huntsman, 134
Huntsman process, 164
Hussite Wars, 158
Icaria, 190
Ideals, acquisitive, 103
paleotechnic, 213
Ideology, 368
mechanical, 364
organic, 368
paleotechnic, 187
split in medieval, 44
Idolum, seventeenth century, 51
Imaginary Invalid, 425
Imperialism, 291, 302
Impersonality, 329
Improvement, mechanical, tempo of, 54
Income, fixed, 402
Increasing wants, dogma of, 392
India, 135
Industrial Age, Cathedrals of the, 209
Industrial discipline, foundation of, 173
Industrial Pioneer, 296
Industrial production, 416
Industrialism, achievements of, 324
Industrialists, missionary enthusiasm of,
54

Industries, chemical, 228
location of, 194
metallurgical, 222
Industry, backwardness of, 146
efficient, 379
functional organization of, 418
money-making capacities of, 392
neotechnic, efficiency of, 228
paleotechnic concentration of, 168
regional specialization of, 171
traditional, 391
Inefficiency, social, 276
Instinct of Workmanship, The, 272,
317
Institute, Stevens, 220
Institute of Technology, California, 220
Institutional life, mechanization of, 96
Instrumentalism, 274
Interest, potential change in, 427
Internal combustion engine, 235
International language, 294
Invention, 41, 132, 142, 438
accidental relation to utility, 54
Inventions, eotechnic, 141
important paleotechnic, 206
the primary, 131
social, 137
Inventors, 295
Seventeenth century, 58
Ireland, 388
Iridium, 231
Iron, 164
melting point of, 166
meteoric, 165
production, 206
bridge, 206
debt of, to wood, 120
dome, 164
I-beam of, 166
ship, 206
in war, 165
Ironwork, Renascence, 73
Isolation, 50
Italians, industrial leadership of, 138
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Lathe, 80
Maudslay's screw-cutting 209
Law of Octaves, 217
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Lawrence, D. H., 300
Leaves of Grass, 4()9
Le Blanc, 90
Leeuwenhoek, 126, 245
Leger, 335, 336
Leibniz, 221
Kandinsky, 336
Leisure, 279, 379
Kapital, Das, 216
Leisure Class, Theory of the, 96
Kay, 144, 174
Lenin, 264
Kelly, William, 164
Lens, convex, 126
Kelvin, Lord, 208, 218
Kempelen, von, 251
Leonardo da Vinci, 30, 88, 139, 206:
250, 399, 407
Kepler, 25, 246
Le Play, 359
Killing, 94
Lewis, 210
Kipling, 55, 330
Knight's Dictionary of the Mechanical Life, impoverishment of, 315
increasing care of, 248
Arts, 252
Military, 97
Knitting, 145
simplification of, 94
Knowledge, scientific, paleotechnic instarvation of, 178
difference to, 194
Life values, 95, 311
Kodak,352
imperviousness to, 95
Komensky, John Amos, 136
Light, 200
Korea, 135
and life, 245
Krannhals, 282
cold, 255
Kress, 251
electric are, 221
Kropotkin, 259, 409
Lightness, new standard of, 230
Krupp, 73, 95, 192
Limits, attempt to abolish, 104
on consumption, 394
Labor, child, 248
Lippersheim, Johann, 126
division of, 49
Lister, 249, 260
loss of bargaining power, 402
Literature, vulgar, 315
power, 146
Local languages, 290
sa~ing, 147, 374
Lollards, 188
La Farge, John, 204, 346
Longitude, determination of, 121
Laissez-faire, 422
Looking Backward, 403
Lalique, 346, 354
Loom, 206
Lamp, safety, 68
Louis XIV, 100
Land Pioneer, 296
Loyalty, collective, 3M
Land reclamation, 116
Lubeck, 333
Land, socialization of, 381
Luxuries, necesaary, 395
Language, universal, 293
Luxury, private, 98
Languages, new, 294
psychological IfOUDd for, "
Lantern, magic, 101

Jacobi, 218, 221
Jansen, Zachariai, 126
Japan, 134
JewS, culture of, 64
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Mach, Ernst, 369
Machine Age, 3
Machine Arts, cultivation of, 344
Machine, ambivalence of, 283
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as means of escape, 315
as Messiah, 45
as substitute religion, 53
attack on, 284
capacity to assimilate, 363
communism of, 354
definition of, 9
diminution of the, 423
dissolution of the, 364
esthetic perfection of, 349
esthetics of, 253
evaluation of, 282
expansion of, 391
fear of, 298
heresy to, 282
moral imperatives of, 355
permanent contribution of, 324
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Magnus, Albertu!, 30
Maim!, 135
Mile, Emile, 29
MaIthus, Rev. T. R., 186
Mammon, 264
Man and Nature, 256
Manganese, 231, 232
Manliness. surrogate. 304
Mann, Thomas, 220
Manners, standardization of, 357
Mantoux, 143
Manu·facture, 145
Manufacture, interchangeable part, 90
Manufacturers, textile, 208
Manufacturing regulations, escape from,
143
Map, the Hereford, 21
Marchi, Francesco del, 141
Marconi, 218
Marey, E. J., 250
Marienkirche, 333
Market, primitive, 63
Marot, Helen, 412
Mars, 97
Marsh, George Perkins, 256
Marx, Karl, 23, 110, 114, 117, 146, 176,
187, 189, 191, 216, 234, 259, 403,
412
Mass·production, 100
military, 89
Mass production, egalitarian tendency,
392
Mass.sport, 303
Master pattern, importance of, 351
Matare, 229
Maudslay, Henry, 80, 209, 252
Maurice, Prince, 92
Material respect for, 336
Materialism, Purposeless, 273
Materials, neotechnic, 229
Matter and motlon, 217
Mayer, Robert von. 138. 369
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McCormick, 192
Moby Dick" lat.'
Measurement, 327
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Mechanical faith, decay of, 366
Moliere, as
Mechanical order, interpretation of, 3M Moloch, 264
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Monarcha, abtolute. 96, •
53
Mechanics, as pattern of thought, 46
Monastery, 111
regularity of, 13
Mechanism, 216
Mondrian, 336
Mechanization, 4.
Mechanized society, tedium of, 310
Monet, 245
Monopolies, 75
Medicine, neotechnic, 247
lpecial, 132
Melville, 43, 204, 331
Monopoliatie aabotap. . .
Metals, 68
Montage, 339
rare, 231
Morality, collective, 36t
Method, scientific, 328
Morgan, William de, 846
Methodism, 284
Mormone, 297
Metropolitan Museum, 345
Monia, William• . , . .
Mica, 232
Moree, 217. 221
Microscope, 334
Mortality tablea.
Midas, curse of, 77
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Middletown, 397
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Military engineer, rOle of, 88
Mo,eaaeat,
Mill, Albion Fl(lur, 160
Moira, Z10
Mill, John Stuart, 205
MuUrj..
Mill, water, 114
Munao.1H
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Nationalism, religion of, 263
Nature, 329
conquest of, 37
man's attitude toward, 318
orderliness of, 133
return to, 295
Navigation, needs of, 121
Needlemaking machine, Leonardo's,
140
Neolithic and neotechnic, parallel between, 430
Neolithic period, progress in, 37
Neotechnic, 109
Neotechnic civilization, special habitat
of, 238
Neotechnics. beginnings of, 212
Neutral world, 361
New England, 389
New esthetic terms, 350
New York, State of, 123, 381
Newcastle, 156
Newcomen, 160
Newland, 217
Nickel, 231
Nitrate beds, 257
Nitrogen, fixation of, 257
Nobel, 177
Non-profit making, 377
Numbers, romanticism of, 22
Niirnberg Chronicle, 36
Objectives, economic, 373
Occupations, primitive, 60
redifferentiation of, 64
Oersted, 214, 217
Ogburn, W. F., 316, 437
Ohm, 214
Oliver, of Malmesbury, 22
O'Neill, Eugene, 235
Ophthalmoscope, 206
Orchestra, 202
Order, 364
neotechnic sense of, 217
new canon "f, 329
Organic, displacement of, 52
elimination of, 47

Organic, new conception of, 370
reawakening of, 371
Organic whole, 425
Organic world, 252
Organization, factory, 90
mechanical, 275
of industry, stable, 420
Ornament, 252, 345
Oscillator, 234
Osler, 247
Otto, 235
Outlook Tower, 475
Overbeck, 204
Over-equipment, 377
Owen, Robert, 177, 370,426
Ownership, 381
Oxford movement, 289
Painting, Gothic, 342
new technique of, 20
Palace, 103
Paleotechnic, 109
Art, 210
concepts, residue of, 155
environment, anti-vital nature of, 246
phase, 154
revolution, reaction against, 289
Palladio, 141
Paper, 137
Papin, 141, 160
Paracelsus, 138
Parachute, 140
Parasitism, elimination of, 405
Pare, Ambroise, 138
Parson, 235
Past, Cult of, 288
Pasteur, Louis, 218
Patents, 132
Pattern, eotechnic, 123
the social, of machine, no
Peace, 183
Peasant, 62, 82, 205
Peasants' War, 75
Pen, fountain, 110
goose-quill, 110
Iteel, 110
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Population, equilibrium in, 431
Periodicity, mechanical, 197
E&&ay on, 186
Permanent Record, the new, 242
planning of, 260
Personality, 274, 360
rising pressure of, 262
objective, 359, 362
Populations, machine-trained, 362
Porcelain, 359
projection of, 324
Porta, 159
romantic, 362
Potemkin, S. 5., 341
Perspective, 20
Potters, Chinese, 359
Petroleum, 235
Poverty, duty to escape, 1M
Pettigrew, J. B., 250
Phase rule, Adams' application of, 155 Power, 53, 196
doctrine of, 85
Philo of Byzantium, 113
new sources of, 112
Photograph. 242, 337
Superfiuous, 273
Photography, 337
increase of, 112
Physical sciences, method of, 46
electric, 221
Physics, dead world of, 369
menace of, 366
Physiologist, studies of, 250
pursuit of, 102
Physiology, 216, 425
steam, 158
Piano, 202
Power-machines, 14
Picasso, 336
14th century, 69
Pioneers, 296
Power-utility, 11
Pittsburgh, 168
Precision, in machine art, 352
Place, Francis, 175, 260
the lathe as instrument of, 80
Plan, 417
Price, 401
Planck,369
Primitive, the, 299
Planned economy, 259, 404
conditions, lure o£, 298
Planner, regional, 389
Principle of economy, 353
Planners, community, 370
Print, as new medium of intercourse,
Planning, community, 367
industrial, 367
136
regional, 367
Printing press, 134
Platinum, 231
&team-driven, 197
Plato, 241
Private exploitation, 382
Play, 303
Process, division of, 146
spirit of, in eotechnic phase, 150
organic, 249
technical importance of, 101
Producer, 93
Poe, 197
Production, aluminum. 230
Polakov, Walter, 227, 384
basic, 415
Polarities, mechanical, 299
copper, 230
organic, 299
mass, 90, 100
Polhem, 147
mechanical e1emeata ill. . .
Political dictators, 302
onrwhelmilll intenlt ...
organization, 417
reponal, 388
power, struggle for, 190
timin. of, 225
Population, 186
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Profits, 374
theory of, 191, 192
Progress, doctrine of, 182
validity of, 184
Progress, 298
doctrine of, 182
Projectile, 82
Proletariat. 153
displacement of, 224
Promenade aerienne, 101
Prometheus, 37, 73
Protestantism, 42
Provence, 291
Pseudomorph, cultural, 265
the present, 263
Psychologist, 389
Psychosis, 286
Pullman cars, 345
Pumping engine, 'Watt's, 156
Pump!';, tide-mill, Peter Morice's, 117
Pupin, 218
Puritanism, 103, 396
Pythagoras, 361
Qisim, AbU 1'. 22
Qualities, primary and secondary, 48
Quantities, minute, 248, 254
Quantity, respect for, 328
Quarrying and mining, 65
Rabelais, 100
Radiator, steam, 352
Radio, dangers of, 241
Radium, 232, 246
Railroad, 158, 162, 199
extension of, 163
Rails, iron-clad, 158
Rarity, 76
Rationalization of industry, 385
Rationing, need for, 382
Reaction, the romantic, 287
Reapin, machine, 192
Rebuilding, Era of, 433
Reclamation, Zuyder Zee, 390
RecoDatruction, intellectual. 372
Record·makin" 30S
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social, ·n. 2-1.1, 311
Regional balance, 431
Regionalism, economic, 387, 389, 431
new, 291
Regionalist, sentimental, 292
Regularity. 207, 269, 270
Rembrandt, 130
Renard, 62
Rena cence, emptiness of, 44
culture, sterilization of, 288
Rennie, 161
Repeating pattern, 334
Replaceability, 277
Replacement, 397
Reproduction, mechanical, 343
Research, factual, 328
Resins, 8ynthetic, 229
Resistance, to machine, 268
Retreat from machine, 299
Reuleaux, 80
Revival, "gothic," 290
Revolution, ·121
second indu trial, 151
Reymond, DuBois-, 54
Ricardo, 216
Richards, Charles R., 475
Riedler, 351
Roberts, 164, 210
Robinson Crusoe, as ideal man, 42
Robinson, Geroid Tanquary, 475
Rockefel1er, 177
In titute, 56
Roebling, the, 351
Romantic, the, 285
Romantic protest, validity of the, 319
Romantics, 323
Rousseau, Jean Jacques, 130, 182, 295
Routine, mechanical, 269
new bourgeoi , 42
Royal Society, 25, 49, 57
Rubber, 193, 222, 232, 234
Rubbish heap, as destiny of machine.
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Ruekin, John, 93, 205, 208, 259, 378

Russell, Bl'rtrand, 272
Russia, Soviet, 264, 403, 417

Servile work. 414
Servility, 302
Sewage, atmospheric, 169
Sabinianus, Pope, 13
Sewage utilization, 257
Sacrifice, tragic, 309
Sewing machine, Thimonnet'•• 92
Sadler's Factory love tigating Commis- Sex, 180, 300
sion, 169
degradation of, 179
Salomon's House, 56
tabus on, 260
Salvation, Impt>ria Ii t, 195
Shaftesbury, 192
Sanctorius, 128
Shaker Colonies, 297
Sanitation, paleotechnic lack of, 170
Shakespeare, 98, 284
Savagery, 311
Shape, importance of, 252
Savery, Thomas, 160
Sharp & Roberts, 164
Shaw, 428
Sax, Adolph, 202
Saxophone, 202
Ship, a rationalizing agent, 123
Scheffel, von, 289
eli p per sailing, 252
iron, 164
Schmidt, 73
Shipbuilders, Glasgow, 208
Schools, Technical, 219
Italian, 152
Schreber, 181
Ship, 120
Schulz, 129
of the line, 208
Schwenter, 58
Science and Medicine, History of, 408 Shock-absorber, 311, 316
Shuttle Club , 186
and technic~, 219
Siemens, Werner, 221
characteristics of, -17
Siemens-Martin pracen. 165
concepts of, 217
Silk, artificial, 233
continuity of, 205
Simplification, 357
general staff of, 57
Singer, Charles, 126
importance of, 215
Size, as symbol of efficiency, 162
preparation for. 34
Skill, ca tration of. 173
Victorian definition of, 321
Sky crapefl. 208
Science'"', physical, 327, 367
Slavery, 278, 326
social, 367
child, 193
Scientific attitude, 331
SInes, 41
economy, 404
Smiles, Samuel. 17 330
knowledge, growth of, 408
Smith, Adam. 90, 121, 152, method, 133
Smithinl, 69
thought, 205
Smoke. colt of, 168
Scienti.t, new rule of, 217
wastale throulh. 169
Scienti!\t~, England's, 152
SmokiD, pipe, 351
Scrap mdal, importance of, 231
Snap hot. S38
Screws, 209
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Selectivity, 50
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Self, i!';olation of, 130
Semper, Gottfried, 204
Sense, refinement of. 149
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Societies, mechanical, 54
Society, dehumanization of, 302
Sociologist, 389
Soil, 257
regeneration, 257
Solar energy, present utilization of, 222
Soldier, self-esteem of, 95
Solingen, 203
Solvay, 193
Sombart, 23, 90, lOS, 233, 371, 422
Song, workshop, 201
South Kensington Museum, 181, 204
Sowing machine, 192
Space and time, the itch to use, 22
in the Renascence, 342
new conception of, 20
Spallanzani, 127, 247
Spatial relations, in Middle Ages, 18
Specialism, 306
Specialization, regional, 171
Spectacle, mass in sport, 304, 306
Spectacles, 126
Spectroscope, 245
Speed,237
Spencer, Herbert, 181, 187, 302, 429
Spengler, Oswald, 69, 108, 265, 365
Sperry, 218
Spingarn, J- E., 475
Spinning, 62, 144
wheel, 144
Spinoza, Benedict, 131
Spoon-wheel, 118, 213
Sport, 303, 307
Sports hero, 306
Standard of living, 395, 398
of perfection, the new, 358
qualitative, 147
time, 198
vital, 399
Standardization, 90, 278
premature, 386
Standardized production, beginnings
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Standards, 318
Stanford, Leland, 251

Starvation, 181
discipline of, 173
Steam, 101
Steamboat, 158
Fitch's, 161
Steam carriage, 163
Murdock's, 161
Steam engine, 3, 158
Branca's, 32
Watt's improvement of, 160
as pacemaker, 162
Steam hammer, Nasmyth's, 166
Steam locomotive, 158
Steam looms, 206
Steam pump, Watt's, 156
Steamship, 207
first iron, 164
Stearn turbine, 235
Steel, crucible, 164
Steinheil, 221
Sterilization, temporary, 260
Stethoscope, 206
Stevens, Alfred, 203
Institute, 220
Stieglitz, Alfred, 339, 340
Stifel, Michael, 35
Stream pollution, 170
Structure, esthetic, 371
Struggle, the class, 189
for existence, 180
Studies, time and motion, 385
Styles, Women's, 98
Suburbia, 313
Subway, 333
Sullivan, 370
Sun, City of the, 58
Sunlight, importance of, 169
Surgery, modern, 249
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