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

wishes, habits, ideas, goals was necessary,
3




4 TECHNICS AND CIVILIZATION

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

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

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

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

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

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



6 TECHNICS AND CIVILIZATION

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

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

Vi e m——

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

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

e

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

o

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

toward its mastery.




CHAPTER L. CULTURAL PREPARATION

1: Machines, Utilities, and “The Machine"

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

——




10 TECHNICS AND CIVILIZATION

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

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

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

e power, the line of division becomes even more

CULTURAT PREPARATION
1

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

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

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

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

2: The Monastery and the Clock

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

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

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

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

=]

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

4

enterprise the r
the clock 1s not merely

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

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

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

nrnve thia hnag .ﬂnﬁ:u'.minnl"';nn Al 2LTe '!.nul-u-l-:nh -1: gadpme Ly rlnn':l r"lmrll'i-i

CULTURAL PREPARATION 15

power-machine, i1 which the source of power and the transmission
were of such a nature as to ensure the even flow of energy lhruughmlll
the works and to make possible regular production and & ?,Land-
ardized product. In its relationship to delm;miu:lble. quan]t.luea F"f

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

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

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

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

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

of mechanical works, and the analysis of motion that accompanied

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

transmission that were elaborated, comtributed to the success ol

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

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

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

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

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

fineness of articulation that finally produced the accurate eighteenth

century chronometer,

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

W =
1T

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

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

-

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

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

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

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

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

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

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

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

ok
— Mg 1=

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

speedy disruption and eventual collapse of our entire society |

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

3: Space, Distance, Movement

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

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

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

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

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

19

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

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

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

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

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

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

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

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

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

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

Al el

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

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

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

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

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

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

imaginary futures, hypothetical gains. =,

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

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

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

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

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

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

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

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

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

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

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

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

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

28

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

originally modest scale of operations,

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

space went |
Around the twelfth century the supernatural

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

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

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

CULTURAL PREPARATION g

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

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

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

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

. e

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

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

6: The Obstacle of Animism

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

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

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

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

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

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

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

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

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

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

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

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

e

S R Wl e o N AR LY - * v F . Pal. L.o.d oo

CULTERAL PREVPARATION 1

The specific triumph ol the technical imagination rested on the

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

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

]

__________

monasteries and the universities, 1 -

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

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

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

until the works ran down.

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

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

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

dl B8l1 Was suspended in the collective roiline.

CULTURAL PREPARATION 3

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

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

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

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

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

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

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

g the Middle Ages was &

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

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

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

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

7: The Road Through Magic

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

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

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

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

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

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

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

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

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

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

came the first g

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

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

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

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

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

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

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

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

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

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

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

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

.. Ik

forward. Evervwhere the dross of frand and charlutanism

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

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

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

40

baying and pointing i
- A 1 fl 1‘

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

| came out of the reseairches of the alchem.

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

apparatus for real experiments, valuable methods for real science.

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

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

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

magicians ceased to be Aristotle ang

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

a: Social Hr-;imr.'rnulinn

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

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

with the great multitude of bones, nerves, arteries, veins, and ‘I:;‘T]:-;-.“:
parts that are found in the body of each animal, Sunl_m pers : s will
look upon this hody as a machine made by the hand W! ' I'I."
the opposile process was also true; the medﬂﬂiﬂﬁﬂmd ""-—t_J'i; i
prepared the way for mechanical imitations.
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To the degree that fear and disruption prevail in society, men tend
to seek an absolute: il it does not exist, they project it. Regimentation
gave the men of the period a finality they could discover nowhere
else. If one of the phenomena of the breakdown of the medieval

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

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

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

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

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

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

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

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

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

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

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

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

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

They threw themselves back into the medieval dream with & new

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

life of the seventeenth century, W‘lﬂﬂhﬂﬁlrﬁb orld of thoug

FAIAaNY TN Ar UL LIDU TNy TR R SRR




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

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

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

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

vy - wm

strategy, obtains victory without actually engaging in battle.

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

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

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

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

the air excessively—Dbut the list is a long and

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

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

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

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

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

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

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

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

11: Practical Anticipations |

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

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

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

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

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

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

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

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

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

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

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

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

(e .

and the direction ol technics toward the conquest of nature were the
i)!luh-:u of the whole effort. Bacon's Salomon's House, though for-
mulated after the actual {ounding of the Accademia Lynxei in Ttaly,
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met in 1646 at the Bullhead Tavem in Cheapside, and in 1662 was
duly incorporated as the Royal Society of London for Ir_npruvmg
]\;ﬂ-:n'._-.l Knowledge. This society had eight standing unmnjllttt.'e;s. the
first of which was to “consider and improve all mw:-hamcu;l nven-
tions,” The laboralories and techuical mnseumal of ﬂ.le- IWEI‘I-ILEth cen-
tury existed first as a thought in the mind of this plquEﬂp'hI-{.'al cour
der: nothing that we do or practice today would have surprised him.

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

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

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

’

. CXperimetits,

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

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

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

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

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

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

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

ingenious inventors, engineers, and mathematicians are a witness

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

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

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

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

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

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

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

1: The Profile of Technics

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

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

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

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

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

institutions and mventions and goods along the natural highway

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

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

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

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

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

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

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

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

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

itself and the technical heritage. Lacking impersonal methods O3

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

record. the transmi
limm] casles. Thfe conse

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

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

Eventually these peasant civilizations succumbed to anti-vital forces

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

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

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

support of war becomes one of

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

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

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

P

the p incipal burdens of a civil society,

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

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

central vantage pl_HnL

2: De Re Metallica

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

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

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

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

tion of the great stones of s outdoor L mples and

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

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

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

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

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

routine

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

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

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

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

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

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

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

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

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

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

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

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

if“

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

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

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

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

_ 'i

further U

millel" are

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

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

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

} k: sometimes falling {rom ladders
by

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

lasl sentence
and radium
irades were pointed out. Dr.

1 only =0 far as workmen are care-

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

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

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

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

miner to rheumali=m:

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

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

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

-

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

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

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

H_‘.] f-1

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

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

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

Usually pockete

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

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

| leadership of a Krupp and the later

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

a little off the track of civilization: isalation and

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

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

are the very image

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

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

allied with jewelry and

environment, the molder

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

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

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

3: Mining and Modern Capitalism

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

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

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

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

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

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

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

the iron-worker
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and
tecled——workur:

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

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

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

imlism. T]le g_LT*"-ll !lu‘.'f‘ri 1)

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

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

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

¥
]

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

{o ]}I'U"a'il]t‘ the necessary

lates that in the filteenth and

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

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

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

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

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

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

CoOrn,

charin aside-

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

4: The Primitive Engineer

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

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

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

-

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

n
.
=

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

" ehisel, Dawn to modern times the solid &

a primitive gouge

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

. , i the Chiltern Hills

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

]

in England: good enough to produce chan

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

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

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

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

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

miiel 1:?]-

5: From Game-Hunt to Man-Hunt

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

dun-]npnu*nl of the primitive liunter

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

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

while the bow was perhaps the most eflective weap

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

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

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

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

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

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

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

aeriecnltore: in the MIgraiioins us

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

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

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

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

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

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

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

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

tardily the muchine found its form.

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

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

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

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

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

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

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

. & .2 3 the olilpsl nuwe representation e

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

: .
{ Death prinled &l LyOns 0

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

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

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

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

M |

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

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

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

complacent characterizations of the First World War, numely that

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

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

l-.' I."' ' I. — -I . 'I - = - --! R ———— I---l- 'l-:} ';'I-'l-r‘-l-"-l.—l‘ji.:ﬂ



(V. MINING. MUNITIONS, AND WAR
L 2%,

. ke, e
].. ixtoenth '.Jj.:[ury Cinnon |
] : DUndy
SII--“-LII..: fortihe Wton and ain: |
(1R 0]

in T
_.lu!lld. ll’]- h"!l-\-)l ]
mand on the minipe

tion 1n the baokp
||l'll' irie I'Ilil[ f(.
o of vanmay in (s
= {
lourteenth  odntury  wy lkew

!)Wt’tl the mitraadges

Crgry

l jtx'l 10 I.Ill I'I",ll_\

"'Illll"‘il]ll l,l
fmanee, [lere lies the beg

g of g,

Himm mrchani htan,

I AT
Ik IR TinEs |I | .
i | BT _|..||.h ey

LI |It‘IAIIn\'H'l
tinding: and polisk.
vurked over
“ixteenth
hordware pradue.
[ 1hi LOVer-

o |
AR ;\-l.rl..ll.'lr.:' in-

the eighteenth

gas in the

vice for res.
------- dangerane
merely the
nine have
mndern

thus e

ne b It gun-

B! Prodecliun agains PIAETALE Lk
il i go ih Wby both the
weafion and the dolence ngninst 1 derive
from the mine. Keornt seliolatie dines
sion 6l Lhe pelpiive huymuanity of butelery
by pas or knile ar hullet empluisies the
extreme  moral refinement of onr oon

if'mpurﬂl"\’ 'I‘ul]..;m-u,

AGENTS OF MECHANIZATION LT

develop in response to war long before it had any contributions of

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

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

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

{1 '\\.'.:I[;Ur' !1|I-J I!:-‘H'HIEUH

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

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

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

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

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

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

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

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

soldiers when they ferociously put down the poor peasants who

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

not until the machine culture became dominant that the doetrine of
nmeled power was, practically speaking, unchallenged. 'n_lf}ugh-
[ conardo wasted much of his valuable time in serving warlike princes
and in devising ingenious military weapons, he was still sufficiently
under the t-‘~'.-;'.!ll!tl- of humane ideals 1o draw the line somewhere.
He ~11|'-|1r='~':-t‘-! the invention of the submarme boat because he fﬂll,
as he r--‘.pi.itm'ui i s notebook, 1t was too satanige to bl! p—llllil.'t} in
the hands ol unregenerale men, One h}‘ one the invention n.f IDI(!hM
4
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84 TECHNICS AND CIVILIZATION

and the growing beliel in abstract power removed these scruples,
withdrew these safeguards, Even chivalry died in the unequal con.
lests and the triumphant slaughter of the poorly armed barbarians
the European encountered in his post-Columbian spread throughou

the pl;m{-t,

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

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

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

AGENTS OF MECHANIZATION 1
emphasized its utility in wariare, In short the partmership hetween
(he soldier, the miner, the technician, and the scientist is an ancient

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

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

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

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

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

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

| cleared a straight path to the development

‘."lt".:!.ll"-r' Increase

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

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

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

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

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

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

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

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

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

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

L

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

industrial power. In France, the first blast furnaces
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I.It"'r'l‘!“[l il] l't""]-"""“" 1O war ltmg llﬂfl}l‘r: 1 hﬂd any “ﬂﬂtfillll[it‘ms ﬂf

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

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

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

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

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

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

. iy v 1 Ve s dessss tha line cnmewhere




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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

L BIONeEL ATy WS UL Juinous value, sy 1L wWulkea
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cible, and it was through the jnvention of the bayonet, which took
pluce between 1680 and 1700, that the finer intimacies of personal
murder were restol ed to this art.

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

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

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

activities-

7: Military Mass-Production

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

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