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The first draft of this book was written in 1930 and
the second was completed in 1931. Up to 1932 my
purpose was to deal with the machine, the city, the
region, the group, and the personality within a single
volume. In working out the section on technics it was
necessary to increase the scale of the whole project:
so the present book covers only a limited area of the
first draft. While Technics and Civilization is a unit,
certain aspects of the machine, such as its relation to
architecture, and certain aspects of civilization that
may ultimately bear upon the course of technics re-,
main to be treated at another time. L.M.






CONTENTS

OBJECTIVES 8

CHAPTER 1. CULTURAL PREPARATION

1: Machines, Utilities, and “The Machine” 9
2: The Monastery and the Clock 12
3: Space, Distance, Movement 18
4: The Influence of Capitalism 2
©: Trom Fade Yo Fagy g
6: The Obstacle of Animism 21
7: The Road Through Magic 86
8: Social Regimentation 4
9: The Mechanical Universe 45
10: The Duty to Invent 52
11: Practical Anticipations 55
CHAPTER II. AGENTS OF MECHANIZATION 60
1: The Profile of Technics 60
2: De Re Metallica 65
3: Mining and Modern Capitalism %
4: The Primitive Engineer Wy
5: From Game-Hunt to Man-Hunt 81
6: Warfare and Invention 8
7: Military Mass-Production 89
8: Drill and Deterioration M
9: Mars and Venus 96

10: Consumptive Pull and Productive Drive 102

vii



viii CONTENTS

CHAPTER III. THE EOTECHNIC PHASE

: Technical Syncretism

: The Technological Complex
: New Sources of Power

: Trunk, Plank, and Spar

: Through a Glass, Brightly

: Glass and the Ego

: The Primary Inventions

: Weakness and Strength

R 3O bW N

CHAPTER IV. THE PALEOTECHNIC PHASE

: England’s Belated Leadership

: The New Barbarism

: Carboniferous Capitalism

: The Steam Engine

: Blood and Iren

¢ The Destructior: of Environment
: The Degradation of the Worker
: The Starvation of Life

: The Doctrine of Progress

IR B - N B PR P

fut
(=]

: The Struggle for Existence
: Class and Nation
: The Empire of Muddle

: Power and Time

Rt et fd et
- W N e

: The Esthetic Compensation

[
wn

: Mechanical Triumphs

i
(=)

: The Paleotechnic Passage

CHAPTER V. THE NEOTECHNIC PHASE

1: The Beginnings of Neotechnics

2: The Importance of Science

3: New Sources of Energy

4: The Displacement of the Proletariat
5: Neoteehnic Materials

J107

107
109
112
119
124
128
131
142

151

151
153
156
158
163
167
172
178
182
185
187
191
196
199
205
210

212

21€
215
221
22
229



6:
7:
8:
9:

CONTENTS
Power and Mobility
The Paradox of Communication
The New Permanent Record
Light and Life

10: The Influence of Biology

11: From Destruction to Conservation
12: The Planning of Population

13: The Present Pseudomorph

CHAPTER VI. COMPENSATIONS AND REVERSIONS

b

=BT = W T, U )

: Summary of Social Reactions

: The Mechanical Routine

: Purposeless Materialism: Superfluous Power
: Co-operation versus Slavery

: Direct Attack on the Machine

: Romantic and Utilitarian.

: The Cult of the Past

: The Return to Nature

: Organic and Mechanical Polarities

10: Sport and the “Bilch-goddess”
11: The Cult of Death

12: The Minor Shock-Absorbers
13: Resistance and Adjustment

CHAPTER VIL ASSIMILATION OF THE MACHINE

1:
: The Neutrality of Order
: The Esthetic Experience of the Machine

= O\ Ut W N

New Cultural Values

: Photography as Means and Symbol

: The Growth of Functionalism

: The Simplification, of the Environment
: The Objective Personality

CHAPTER VIII. ORIENTATION

1:
2:

The Dissolutign of “The Machine”
Toward an Organic Ideology

ix
235
239
242
245
250
255
260
263

268

208
269
273
278
284
285
288
295
299
303
307
311
316

321

321
326
333
337
34
357
359

364

364
368



x CONTENTS

3: The Elements of Social Energetics 373
4: Increase Conversion! 380
5: Economize Production! 383
6: Normalize Consumption! 390
7: Basic Communism 400
8: Socialize Creation! 406
9: Work for Automaton and Amateur 410
10: Political Contral 4217
11: The Diminution of the Machine 423
12: Toward a Dynamic Equilibrium 429
13: Summary and Prospect 433
PREFATORY NOTE v
INVENTIONS 437
BIBLIOGRAPHY 447
ACKNOWLEDGMENTS 475

INDEX 477



ILLUSTRATIONS

1. ANTICIPATIONS OF SPEED 52
II. PERSPECTIVES 53
IIL. THE DANCE OF DEATH 8
1V. MINING, MUNITIONS, AND WAR 85
V. TECHNICS OF W0OD 148
VI. EOTECHNIC ENVIRONMENT 149
VIL. EARLY MANUFACTURE 180
VIII. PALEOTECHNIC PRODUCTS 181
IX. PALEOTECHNIC TRIUMPHS 244
X. NEOTECHNIC AUTOMATISM 276
XL AIRPLANE SHAPES 277
XII. NATURE AND THE MACHINE 340
XIIIL ESTHETIC ASSIMILATION 341
«XIV. MODERN MACHINE ART 372

XV. THE NEW ENVIRONMENT 373






TECHNICS AND CIVILIZATION






OBJECTIVES

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

While people often call our period the “Machine Age,” very few
have any perspective on modern technics or any clear notion as to its
origins. Popular historians usually date the great transformation in
modern industty 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 accampanied the “indus-
trial revolution” took place. Men had become mechanical before
they perfected complicated machines to express their new bent and
interest; and the will-to-order had appeared once more in the monas-
tery and the army and the counting-house before it finally manifested

“Ytself in the factory. Behind all the great material inventions of the
last century and a half was hot merely-a-long intemal development
o ics: there was also a change of mind. Before the new indus-
trial processes could take hold on a great scale, a reonentntxon of
wishes, habits, ideas, goals was necessary.

3



4 TECHNICS AND CIVILIZATION

To understand the dominating réle 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 phe-
nomena in history: what is new is the fact that these functions have
been projected and embodied in organized forms which dominate
every aspect of our existence. Other civilizations reached a high
degree of technical proficiency without, apparently, being profoundly
influenced by the' methods and aims of technics. All the critical
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 mechanics—
existed in other cultures. The Chinese, the Arabs, the Greeks, long
before the Northern European, had 4aken 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 skill 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 industrial revolution, the series
of industrial changes that began in the cighteenth century, was a
transformation that took place in the course of a much longer march.

The machine has swept over our civilization in three successive
waves.-)?’he first wave, which was set in motion around the tenth
century, gathered strength and momentum as other institutions in
civilization were weakening and dispersing: this carly triumph of
the machine was an cffort to achieve order and power by purely
external mehns, and its success was partly due to the fact that it
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evaded many of the real issues of life and turned away from the
moamentous moral and social difficulties that it had neither con-
fronted nor solved.""Fhe 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 ideologi-
cal premises of the first effort to create the machine, the disciples
of Watt and Arkwright sought to universalize them and take advan-
tage of the practical consequences. 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 mathine, now returned
with doubled urgency: the very efficiency of the machine was drasti-
cally curtailed by the failure to achieve in society a set of harmonious
and integrated purposes. External regimentation and internal re-
sistance and disintegration went hand in hand: those fortunate
members of society who were in complete harmony with the machine
achieved that state only by closing up various important avenues of
life. Finally, we begin in our own day to observe the swelling
energies of a thjrd 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 now manifest them-
selves 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 ceases to be a substitute for God or
for an orderly society; and instead of its success being measured by
the mechanization of life, its worth becomes more and more meas-
urable in terms of its own approach to the organic and the living.
The receding waves of the first two phases of the machine diminish
a little the force of the third wave: but the image renmains 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

©* exists only in fragments. New forms of living have for.long been in
process; but so far they have likewise been divided and unfocussed:
indeed, our vast gains in energy and in the production of goods have
manifested themselves in part in a loss of form and an impoverish-
ment of life. What has limited the beneficence of the mathine? 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 secks
an answer. [Technics and civilization as a whole are the result of
human choices and aptitudes and strivings, deliberate as well as
unconscious, often irrational when apparently they are most objective
and scientific: but even when they are uncontrollable they are not
externaly) 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 as an element in human culture
and it promises well or ill as the social groups that exploit it promise
well or ill. The machine itself makes no demands and holds out no
promises: iiis 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 under-
standing 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 go-
ing on within the domain of technics itself since around 1870: for
the organic has become visible again even within the mechanical
complex: some of our most characteristic mechanical instruments—
the telephone, the phonograph, the motion picture—have grown out
of our interest in the human voice and the human eye and our
knowledge of their physiology and anatomy. Can one detect, perhaps,
the characteristic properties of this emergent order—its pattern, its
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planes, its angle of polarization, its color? Can one, in the ‘process
ofcrystallization, 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 1. CULTURAL PREPARATION

1: Machines, Utilities, and “The Machine”

During the last 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 physical instrument itself the whole com-
plex of habits and methods that created it and accompanied it.
Almost every discussion of ¢echnology from Marx onward has
tended to overemphasize the part played by the more mobile and
active parts of our industrial equipment, and has slighted other
equally critical elements in our technical heritage.

What is a machine? Apart from the simple machines of classic
mechanics, the inclined plane, the pulley, and so forth, the subject
remains a confused one. Many of the writers who have discussed
the machine age have treated the machine as if it were a very recent
phenomenon, and as if the technology of handicraft had employed
only tools to transform the environment. These preconceptions are
baseless. For the last three thousand years, at least, machines have
been an essential part of our older technical heritage. Reuleaux’s
definition of a machine has remained a classic: *“A machire is a com-
bination of resistant bodies so arranged that by their means the
mechanical forces of nature can be compelled to do work accom-
panied by certain determinant motions™; but it does not take us

t%ery far. Its place is due to his importance as the first great
morphologist of machines, for it leaves out the large class of ma-
chines operated by man-power.

Machines have developed out of a complex of non-organic agents
for converting energy, for performing work, for enlarging the me-

9



10 TECHNICS AND CIVILIZATION

chanical or sensory capacities of the human body, or for reducing
to a mensurable order and regularity the processes of life. The
automaton is the last step in a process that began with the use of
one part or another of the human body as a tool. In back of the
development of tools and machines lies the attempt to modify the
environment in such a way as to fortify and sustain the human
organism: the effort is either to exténd the powers of the otherwise
unarmed organism, or to manufacture outside of the body a set of
conditions more favorable toward maintaining its equilibrium and
ensuring its survival. Instead of a physiological adaptation to the
cold, like the growth of hair or the habit of hibernation, there 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 unimpor-
tant: for, using the tool, the human hand and eye perform compli-
cated actions which are the equivalent, in function, of a well de-
veloped machine; while, on the other hand, there are highly effec-
tive machines, like the drop hammer, which do very simple tasks,
with the aid of a relatively simple mechanism. The difference be-
tween tools and machines lies primarily in the degree of automatism
they have reached: the skilled-teol-user becomes more accurate and
more automatic, in short, more mechanical, as his originally volun-
tary motions settle down into reflexes, and on the other hand, even
in the most completely automatic machine, there must intervene some-
where, at the beginning and the end of the process, first in the original
design, and finally in the ability to overcome defects and to make
repairs, the conscious participation of a human agent.

Moreover, between the tool and the machine there stands another
class of objects, the machine-tool: here, in the lathe or the drill, one
has the accuracy of the finest machine coupled with the skilled at-
tendance of the workman. When one adds to this mechanical complex
an external source of power, the line of division becomes even more
difficult to establich. In general, the machine emphasizes specializa-
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tion of function, whereas the tool indicates flexibility: a planing
machine performs only one operation, whereas a knife can be used
to smooth wood, to carve it, to split it, or to pry open a lock, or to
drive in a screw. The automatic machine, then, is a very specialized
kind of adaptation; it involves the notion of an external source of
power, a more or less complicated inter-relation of parts, and a
limited kind of activity. From the beginning the machine was a sort
of minor organism, designed to perform a single set of functions.

Along with these dynamic elements in technology there is another
set, more static in character, but equally important in function.
While the growth.of machines is the most patent technical fact of
the last thousand years, the machine, in the form of the fire-drill or
the potter’s wheel, has been in existence since at least neolithic times.
During the earlier period, some of the most effective adaptations of
the environment came, not from the invention of machines, but from
the equally admirable invention of utensils, apparatus, and utilities.
The basket and the pot stand for the first, the dye vat and the brick-
kiln stand for the second, and reservoirs and 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 machinery. While tools and machines transform the environ-
ment by changing the shape and location of objects, utensils and
apparatus have been used to effect equally necessary chemical trans-
formations. Tanning, brewing, distilling, dyeing have been as impor-
tant in man’s technical development as smithing or weaving. But
most of these processes remained in their traditional state till the
middle of the nineteenth century, and it is only since then that they
have been influenced in any large degree by the same set of scientific
forces and human interests that were developing the modern power-
machine.

** In the series of objects from utensils to utilities there is the same
relation between the workman and the process that one notes in the
series between tools and automatic machines: differences in the
degree of specialization, the degree of impersonality, But since
people’s attention is directed most easily to the noisier and more
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active parts of the environment, the réle of the utility and-the appa-
ratus has been neglected in most discussions of the_machine, *or,
what is almost as bad, these technical instruments have all been
clumsily grouped as machines. The point to remember is that both
have played an enormous part in the development of the modem
environment; and at no stage in history can the two means of adapta-
tion be split apart. Every technological complex includes both: not
least our modern one.

When I use the word machines hereafter 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 in<trument-; 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 genceral 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 firt manife<tation
in the regular measurement of time; and the new mechanical con-
ception 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 helief was the presence of order in
the institutions of the Church it-elf.

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 and power, other than that expressed in the mili-
tary domination of weaker men, first manifested itself after the long
uncertainty and bloody confusion that attended the breakdown of the
Roman Empira. Within 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
pulsations 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 marks in the day were known as the canoni-
cal hours, and some means of keeping count of them and ensuring
their regular repetition became necessary.
According to a now discredited legend, the first modern mechani-
cal clock, worked by falling weights, was invented by the monk
named Gerbert who afterwards became Pope Sylvester 1I near the
close of the tenth century. This clock was probably only a water
*clock, one of those bequests of the ancient world either left over
directly from the days of the Romans, like the water-wheel itself, or
coming back again into the West through the Arabs. But the legend,
as so often happens, is accurate in its implications if not in its facts.
The monastery was the seat of a regular life, and an instrument for
striking the hours at intervals or for reminding the hell-ringer that it
was time to strike the bells, was an almost inevitable product of this
life. If the mechanical clock did not appear until the cities of the
thirteenth century demanded an orderly routine, the habit of order
itself and the earnest regulation of time-sequences had become almost
second nature in the monastery. Coulton agrees with Sombart in
looking upon the Benedictines, the great working order, as perhaps
“the original founders of modern capitalism: their rule certainly took
the curse off work and their vigorous engineering enterprises may
even have robbed warfare of some of its glamor. So one is not strain-
ing the facts when one suggests that the monasteries—at one time
there were 40,000 under the Benedictine rule—helped to give human
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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, bell 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 olock 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
prove the final consummation of this technics in every department
of industrial activity. There had been power-machines, such as the™
water-mill, before the clock; and there had also been various kinds
of automata, to awaken the wonder of the populace in the temple,
or to please the idle fancy of some Moslem caliph: machines one
finds illustrated in Hero and Al-Jazari. But here was a new kind of
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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 stand-
ardized product. In its relationship to determinable quantities of
energy, to standardization, to automatic action, and finally to its
own special product, accurate timing, the clock has been the fore-
most machine in modern technics: and at each period it has remained
in the 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 thou-
sands 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 gpecial types of movement developed
in clockwork, and withopt any of the accuracy of measurement and
fineness of articulation that finally produced the accurate elghteenth
century chronometer.

The clock, moreover, is a piece of power-machinery whose “prod-
uct” is seconds and minutes: by its essential nature it dissociated
time from human events and helped create the belief in an inde-
pendent world of mathematically measurable sequences: the special
world of science. There is relatively little foundation for this belief
in common human experience: throughout the 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
astronomical time by a certain number 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, and in the longer span of days, time is measured not
by the calendar but by the events that occupy it. The shepherd meas-
ures from the time the ewes lambed; the farmer measures back to
the day of sowing or forward to the harvest: if growth has its own
duration and regularities, behind it are not simply matter and motion
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but the facts of development: in short, history. And while mechanical
time is strung out in a succession of mathematically isolated instahts,
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 birth, growth, development, decay, and death—and the
past that is already dead remains present in the future that has still
to be born,

Around 1345, according to Thorndike, the division of hours into
sixty minutes and of minutes into sixty seconds became common: it
was this abstract framework of divided time that became more and
more the 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,
implacable 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 by 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 because they alone could afford it, partly
because the new bourgeoisie were the first to discover that, as Frank-
lin later put it, “time is money.” To become “as regular as clock-
work” was the bourgeois ideal, and to own a watch was for long a
definite symbol of success. The increasing tempo of civilization led
to a demand for greater power: and in turn power quickened the
tempo.

Now, the orderly punctual life that first took shape in the monas-
teries is not native to mankind, although by now Western peoples
are so thoroughly regimented by the clock that it is “second nature”
and they look upon its observance as a fact of nature. Many Eastern
civilizations have flourished on a loose basis in time: the Hindus
have in fact been so indifferent to time that they lack even an
authentic chronology of the years. Only yesterday, in the midst of
the industrializations of Soviet Russia, did a society come into exist-



* CULTURAL PREPARATION 17

ence to further the carrying of watches there and to propagandize
thebenefits of punctuality. The popularization of time-keeping, which
followed the production of the cheap standardized watch, first in
Geneva, then in America around the middle of the last century, was
essential to a well-articulated system of transportation and production.

To keep time was once a peculiar attribute of music: it gave indus-
trial value to the workshop song or the tattoo or the chantey of the
sailors tugging at a rope. But the effect of the mechanical clock is
more pervasive and strict: it presides over the day from the hour of
rising to the hour of rest. When one thinks of the day as an abstract
span of time, one does not go to bed with the chickens on a winter’s
night: one invents wicks, chimneys, lamps, gaslights, electric Jamps,
so as to use all the hours belonging to the day. When one thinks of
time, not as a sequence of experiences, but as a collection of hours,
minutes, and seconds, the habits of adding time and saving time come
into existence. Time took on the character of an enclosed space: it
could be divided, it could be filled up, it could even be expanded.
by the invention of labor-saving instruments.

Abstract time became the new medium of existence. Organic func-
tions themselves were regulated by it: one ate, not upon feeling
hungry, but when prompted by the clock: one slept, not when one
was tired, but when the clock sanctioned it. A generalized time-
consciousness accompanied the wider use of clocks: dissociating time
from organic sequences, it became easier for the men of the
Renascence to indulge the fantasy of reviving the classic past or
of reliving the splendors of antique Roman civilization: the cult
of history, appearing first in daily ritual, finally abstracted itself as
a special discipline. In the seventeenth century journalism and pe-
riodic literature made their appearance: even in dress, following
the lead of Venice as fashion-center, people altered styles every
year rather than every generation.

The gain in mechanical efficiency through co-ordination and
through the closer articulation of the day’s events cannot be over-
estimated: while this increase cannot be measured in mere horse-
power, one has only to imagine its absence today to foresee the
speedy disruption and eventual collapse of our entire society. The
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modern industrial régime could do without coal and iron and steam
easier than it could do without the clock. v

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 pene-
trating 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 live concep-
tually in the same kind of time and space. Space and time, like
language itself, are works of art, and like language they help condi-
tion and direct practical action. Long before Kant announced that
time and space were categories of the mind, long before the mathema-
ticians 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 le pain each culture believes that
every other kind of space and time is an approximation to or a per-
version of the real space and time in which iz 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 commandments or the trinity. Without constant
symbolic reference to the fables and myths of Christianity the ra-
tionale of medieval space would collapse. Even the most rational
minds were not exempt: Roger Bacon was a careful student of optics,
but after he had described the seven coverings of the eye he added
that by such means God had willed to express in our bodies an image
of the seven gifts of the spirit.

Size signified importance: to represent human beings of entirely
different sizes 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 experi-
enced 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 his own spatial world, as when
he projected the events of Christ’s 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 Wander-
ing Scholars remarks, if’ is sometimes a little difficult to find out
whether he is talking about Caesar or Alexander the Great or his
own monarch: each is equally near to him. Indeed, the word anach-
ronism is meaningless when applied to medieval art: it is 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. Zenobius, three
different times are presented upon a single stage.

Because of this separation of time and space, things could appear
and disappear suddenly, unaccountably: the dropping of a ship below
the horizon no more needed an explanation than the dropping of a
demon down the chimney. There was no mystery about the past from
which they had emerged, no speculation as to the future toward
which they were bound: objects swam into vision and sank out of it
with something of the same mystery in which the coming and going
of adults affects the experience of young children, whose first graphic
efforts so much resemble in their organization the world of the
medieval artist. In this symbolic world of space and time every-
thing was either a mystery or a miracle. The connecting link between
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events was the cosmic and religious order: the true order of space
was Heaven, even as the true order of time was Eternity.

Between the fourteenth and the seventeenth century a revolu-
tionary change in the conception of space took place 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 systcmatic organization
of pictures within the new frame fixed by the foreground, the
horizon and the vanishing point. Perspective 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-ordinaed with
other bodies within the same frame of vision and must be in scale.
To achieve this scale, there must bé 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: in 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 cye itself travel. Even the objects in the foreground were
sometimes grotesquely placed and foreshortened in order to create
the same illusion. Movement became a new source of value: move-
ment for its own sake. The measured space of the picture re-enforced
the measured time of the clock.

Within this new ideal network of space and time all events now
took place; and the most satisfactory event within this system was
uniform motion in a straight line, for such motion lent itself
to accurate representation within the system of spatial and temporal
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co-ordinates. One further consequence of this <patial order must he
noted: to place a thing and to time it became essential to one’s
understanding of it. In Renascence space. the existence of objects
must be acecunted for: their passage through time and space is a
clue to their appearance at any particular moment in anv 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-distavee ealeulated. The very existence of ~uch
an order was an incentive to explore it and to fill up the parts
that were unknown.

What the painters demonstrated in their application of perspec-
tive. the cartographers established in the same century in their new
maps. The Hereford Map of 1314 might have heen done by a child:
it was practically worthless for navigation. That of Ucello’s von-
" temporary, Andrea Banco, 1436, was conceived on rational lines,
and represented a gain in conception as well a~ in practical accuracy.
By laying down the invisible lines of latitude and longitude, the
cartographers paved the way for later explorers, like Columbus: as
with the later scientific method. the abstract system gave rational
expectations, even if on the basis of inaccurate knowledge. No
longer was it necessary for the navigator 1o hug the shore line: he
could launch out into the unknown. sct his course toward an arbitrary
point, and return approximately to the place of departure. Both
Eden and Heaven were outcide the new space; and though they
lingered on as the ostensible subjects of painting, the real subjects
were Time and Space and Nature and Man.

Presently. on the basis laid down by the painter and the cartog-
rapher, an interest in space as such. in movement a such, in loco-
motion as such, arose, In back of this interest were of course more
concrete alterations: roads had become more secure, vessels were
being built more soundly, above all. new inventions—the magnetic
needle, the astrelahe, the rudder—had made it possible to chart and
to hold a more accurate course at sca. The gold of the Indies and
the fabled fountains of youth and the happy isles of endless sensual
delight doubtless beckoned too: but the presence of these tangible
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goals does not lessen the importance of the new schemata. The cate-
gories 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
space and time be empty. The itch to use space and time had broken
out: and once they were co-ordinated with movement, they could
be contracted or expanded: the conquest of space and time had
begun. (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 Bom 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 Abii
1-Qédsim had attempted flight, and in 1065 Oliver of Malmesbury
had killed himself in an attempt to soar from a high place: but from
the fifteenth century on the desire to conquer the air bhecame a
recurrent preoccupation of inventive minds; and it was close 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 became greater: conceptually, modern culture
launched itself into space and gave itself over to movement. What
Max Weber 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 numbers had still another aspect, important
for the development of scientific habits of thought. This was the rise
of capitalism, and the change from a barter economy, facilitated hy
small supplies of variable local coinage, to a money economy with
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 bourse, 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 ex-
change, letters of credit, and speculation in “futures” were all devel-
oped in essentially their modern form. Whereas the procedures of
science were not refined and codified until after Galileo and Newton,
finance had emerged in its present-day dress at the very beginning
of the machine age: 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 development of capitalism hrought the new habits of abstrac-
tion 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 intangibles: its
symbol, as Sombart observes, is the account book: “its life-value lics
in its profit and loss account.” The “economy of acquisition,” which
had hitherto been practiced by rare and fabulous creatures like Midas
and Croesus, became once more the everyday mode: it tended to
replace the direct “economy of needs” and to substitute money-values
for life-values. The whole process of business took on more and
more an abstract form; it was concerned with non-commodities,
imaginary futures, hypothetical gains.

Karl Marx well summed up this new process of transmutation:
“Since money does not disclose what has been transformed into it,

.
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everytliing, 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 & com-
modity, an external object, capable of becuming 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. One abstraction re-
enforced the other. Time was money: money was power: power
required the furtherance of trade and production: production was
diverted from the channels of direct use into those of remote trade,
toward the acquisition of larger profits, with a larger margin for new
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 thou-
sand: 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, books, even gold itself were all rela-
tively difficult to transport, whereas money could be transported after
pronouncing the proper abracadabra by a simple algebraic operation
on one side or another of the ledger.

In time, men were more at home with abstractions than they were
with the goods they represented. The typical operations of finance
were the acquisition or the exchange of magnitudes. “Even the day-
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drgams 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 rep-
resentation 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 was the contribution of capitalism
to the mechanical world-picture. So the abstractions of capitalism
preceded the abstractions of modern science and re-enforced at every
point its typical lessons and its typical methods of procedure. The
clarification and the convenience, particularly for long distance trad-
ing in space and time were great: but the social price of these
economies was a high one. Mark Kepler’s words, published in 1595:
“As the ear is made to perceive sound and the eye to perceive color,
so the mind of man has been formed to understand, not all sorts of
things, but quantities. It perceives any given thing more clearly in
proportion as that thing is close to bare quantities as to its origins,
but the further a thing recedes from quantities, the more darkness
and error inheres in it.”

Was it an accident that the founders and patrons of the Royal
Society in London—indeed some of the first experimenters in the
physical sciences—were merchants from the City? King Charles II
might laugh uncontrollably when he heard that these gentlemen had
spent their time weighing air; but their instincts were justified, their
procedure was correct: the method itself belonged to their tradition,
and there was money in it. The power that was science and the power
that was money were, in final analysis, the same kind of power: the
power of abstraction, measurement, quantification.

But it was not merely in the promotion of abstract habits of
thought and pragmatic interests and quantitative estimations that capi-
talism prepared the way for modern technics. From the beginning
machines and factory production, like big guns and armaments, made
direct demands for capital far above the small advances necessary to
provide the old-style handicraft worker with tools or keep him alive.
The freedom to operate independent workshops and factories, to use
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machines and profit by them, went to those who had command of
capital. While the feudal families, with their command over the land,
often had a monopoly over such natural resources as were found
in the earth, and often retained an interest in glass-making, coal-
mining, and iron-works right down to modern times, the new mechan-
ical inventions lent themselves to exploitation by the merchant classes.
The incentive to mechanization lay in the greater profits that could
be extracted through the multiplied power and efficiency of the
machine.

Thus, although capitalism and technics must be clearly distin-
guished 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 exploitation: the inventor carried on a parallel process by ex-
ploiting new methods of production and devising new things to be
produced. Sometimes trade appearedoas a rival to the machine by
offering greater opportunities for profit: sontetimes it curbed further
developments in order to increase the profit of a particular monopoly:
both motives are still operative in capitalist society. From the first,
there were disparities and conflicts between these two forms of ex-
ploitation: hut trade was the older partner and exercised a higher
authority. It was trade that gathered up new materials from the
Indies and from the Americas, new foods, new cereals, tobacco,
furs: it was trade that found a new market for the trash that was
turned out by eighteenth century mass-production: it was trade—
abetted by war—that developed the large-scale enterprises and the
administrative capacily and method that made it possible to create
the industrial system as a whole and weld together its various parts.

Whether machines would have been invented so rapidly and
pushed so zealously without the extra incentive of commercial profit
is extremely doubtful: for all the more skilled handicrait occupations
were deeply entrenched, and the introduction of printing, for ex-
ample, was delayed as much as twenty years in Paris by the bitter
opposition of the guild of scribes and copyists. But while technics
undoubtedly, owes an honest debt 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 char-
aeteristics that had nothing essentially to do with the technical proc-
esses or the forms of work. Capitalism utilized the machine, not to
further social welfare, but to increase private profit: mechanical
instruments were used for the aggrandizement of the ruling classes.
It was because of capitalism that the handicraft industries in both
Europe and other parts of the world were recklessly destroyed by
machine products, even when the latter ‘were inferior to the thing
they replaced: for the prestige of improvement and success and power
was with the machine, even when it improved nothing, even when
technically speaking it was a failure. It was because of the possi-
bilities 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 machine—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 interests. The
machine has suffered for the sins of capitalism; contrariwise, capital-
ism has often taken credit for the virtues of the machine.

By supporting the machine, capitalism quickened its pace, and
gave a special incentive to preoccupation with mechanical improve-
ments: 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 characteristic of capitalism, intro-
duced an element of instability into technics and kept society from
assimilating its mechanical improvements and integrating them in an
appropriate social pattern. As capitalism 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 a
relatively low technical development; and technics made steady im-
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proventents from the tenth to the fifteenth century without the special
incentive of capitalism. But the style of the machine has up to fhe
present heen powerfully influenced by capitalism: the emphasis upon
bigness, for example, is a commereial trait; it appeared in guild halls
and merchants” house< lung before it was evident in technics. with its
originally modest scale of operations.

5: From Fuable to Fact

Meanwhile, with the transformation of the concepts of time and
space went a change in the direction of interest from the heavenly
- world to the natural one. 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, hegan
to lift: the beautiful culture of Provence whose language Dante
himself had thought perhaps to use for his Divine Conedy, was the
first bud of the new order: a bud destined to be savagely blighted
by the Albigen-ian crusade. .

Every culture lives within its dream. That of Christianity was one
in which a fabulous heavenly world, filled with gods, saints, devils,
demons, angels, archangels, cherubim and seraphim and dominions
and powers, shot its funtastically magnified shapes and images across
the actual life of earthborn man, This dream pervades the life of a
culture as the fantasies of night dominate the mind of a sleeper: it
is reality—while the ~lecp last~. But, like the sleeper, a culture lives
within an objective world that goes on through its sleeping or waking,
and sometimes breaks into the dream, like a noise, to modify it
or to make further sleep impossible.

By a slow natural process, the world of nature broke in upon the
medieval dream of hell and paradise and eternity: in the fresh
naturalistic sculpture of the thirteenth century churches one can
watch the first uneasy stir of the sleeper, as the light of moming
strikes his eyes. At first, the craftsman’s interest in nature was a
confused ane: side by side with the fine carvings of oak leaves and
hawthorn sprays, faithfully copied, tenderly arranged, the sculptor
still created strange monsters, gargoyles, chimeras, legendary beasts.
But the interest in nature steadily broadened and became more con-
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suming. The naive feeling of the thirteenth century artist turned into
the systematic exploration of the sixteenth century botanists and
physiologists.

“In the Middle Ages,” as Emile Mile said, “the idea of a thing
which a man formed for himself was always more real than the actual
thing itself, and we see why these mystical centuries had no con-
ception of what men now call science. The <tudy of things for their
own sake held no meaning for the thoughtful man. . . . The task
for the student of nature was to discern the eternal truth that God
would have each thing express.” In escaping this attitude, the vulgar
had an advantage over the learned: their minds were less capable
of forging their own shackles. A rational common sense interest in
Nature was not a product of the new classical learning of the Renas-
cence; rather, one must say, that a few centuries alter it had flour-
ished among the peasants and the masons, it made its way by another
route into the court and the $tudy and the university. Villard de’
Honnecourt’s notebook, the precious bequest of a great master-mason,
has drawings of a bear, a swan, a grasshopper, a fly, a dragonfly, a
lobster, a lion and a pair of parroquets, all done divectly from life.
The book of Nature reappeared, as in a palimpsest, through the heav-
enly book of the Word.

During the Middle Ages the external world had had no conceptual
hold upon the mind. Natural facts were insignificant compared with
the divine order and intention which Christ and his Church had
revealed: the visible world was merely a pledge and a symbol «f
that Eternal World of whose blisses and damnations it gave such a
keen foretaste. People ate and drank and mated. basked in the sun
and grew solemn under the stars; but there was little meaning in this
immediate state: whatever significance the items of daily life had
was as stage accessories and costumes and rehearsals for the drama
of Man’s pilgrimage through eternity. How far could the mind go
in scientific mensuration and observation as long as the mystic num-
bers three and four and seven and nine and twelve filled every rela-
tion with an allegorical significance. Before the sequences in nature
could be studied, it was necessary to discipline the imagination and
sharpen the vision: mystic second sight must be converted into factual
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first sig'ht. The artists bad a fuller part in this discipline than thfy
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 common-
place 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 conférmation of the globe, the
nature of the elements, the place of the stars, the nature of animals,
the violence of the wind, the life of herbs-and roots.” Dante and
Petrarch, unlike most medieval men, no longer 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 over-
" lapped his. In the sixteenth century, according to Beckmann, there
were numerous private natural history collections, and in 1659 Elias

Ashmole pyrchased 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 medie-
val dream disclosed the world of nature, as a lifting mist 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, though the theology
that supported it was weakened; for as soon as the procedure of
exploration was definitely outlined in the philosophy and mechanics
of the seventeenth century man himself was excluded from the pic-
ture. Technics perhaps temporarily profited by this exclusion; but
in the long run the result was to prove unfortunate. In attempting
to seize power man tended to°reduce himself to an abstraction, or,
what comes to almost the same thing, to eliminate every part of
himself except that which was bent on seizing power.

6: The Obstacle of Animism

The great series of technical improvements that began to crystal-
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 acts was the
invention of the wheel. Even in the relatively advanced civilization
of the Assyrians one sees representations of great statues being moved
across bare ground on a sledge. Doubtless the notion of the wheel
came originally from observing that rolling a log was easier than
shoving it: but trees existed for untold years and the trimming of
trees had gone on for many thousands, in all likelihood, before some
neolithic inventor performed the stunning act of dissociation that
made possible the cart.

So long as every object, animate or inanimate, was looked upon
as the dwelling place of a spirit, so long as one expected a tree or &
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ship to'behave like a living creature, it was next to impossible te
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, E@tarded
the development of the machine. Nature often assists in such abstrac-
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 sort of microcosm of the machine: the arms are levers, the lungs
are bellows, the eyes are lenses, the heart is a pump, the fist is a
hamnmer, 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 ineflective kind of machine is the realistic mechanical imitation
of a man or another animal: technics‘remembers Vaucanson for his
loom, rather than 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 possible only
when a mechanical system could be isolated 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 Métiers in Paris had its ribs fashioned like a bat’s body,
and the very propellers, as if to exhaust all the zoological possi-
hilities, were made of thin, split wood, as much as possible like birds’
feathers. Similarly, the belief that reciprocating motion, as in the
movement of the 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
tor-o of a man. Circular motion, one of the most useful and frequent
attribute- of a fully developed machine is, curiously, one of the least
obcrvable motions in nature: even the stars do not describe a circular
course, and except for the rotifers, man himself, in occasional dances
and handsprings. is the chief exponent of rotary motion.
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“The specific triumph of the technical imagination rested on the
ability to dissociate 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 thousands of years animism
had stood in the way of this development; for it had concealed the
entire face of nature behind a scrawl of human forms: even the stars
were grouped together in the living figures of Castor and Pollux or
the Bull on the faintest points of resemblance. Life, not content with
its own province, had flowed incontinently into stones, rivers, stars,
and all the natural elements: the external environment, because it
was so immediately part of man, remained capricious, mischievous,
a reflection of his own disordered urges and fears.

Since the world seemed, in essence, 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. 1 shall discuss, in another place, the special contribution
that the technique and animus of warfare made to the development
of the machine; a/for the discipline of the personality it was essen-
tially, during the Middle Ages, the province of the Church, and it
had gone farthest, of course, not among the peasants and nobles,
still clinging to essentially pagan ways of thought, with which the
Church had expediently compromised: it had gone farthest in the
monasteries and the universities.

Here animism was extruded by a sense of the omnipotence of a
single Spirit, refined, by the very enlargement of His duties, out of
any semblance of merely human or animal capacities. God had
created an orderly world, and his Law prevailed in it. His acts were
perhaps inscrutable; but they were not capricious: the whole burden
of the religious life was to create an attitude of humility toward the
ways of God and the world he had created. If the underlying faith
of the Middle Ages remained superstitious and animistic, the meta-
physical doctrines of the Schoolmen were in fact anti-animistic: the
gist of the matter was that God’s world was not marf's, and that
only the church could form a bridge between man and the absolute.
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The meaning of this division did not fully become apparent unpl
the Schoolmen themselves had fallen into disrepute and their in-
heritors, like Descartes, 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 inde-
pendent 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 and wound
up the clack 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,

i 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 presen-
tations of his fantasies. /What better preparation could a whole cul-
ture 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 indi-
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 similatly 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 mas