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MOVEMENT 

EVER in flux and process, reality cannot be approached directly. Reality is 
too vast, and direct means fail. Suitable tools are needed, as in the raising of 
an obelisk. 

In technics, as in science and art, we must create the tools with which to 
dominate reality. These tools may differ. They may be shaped for mechaniza
tion, for thought, or for the expression of feeling. But between them are inner 
bonds, methodological ties. Again and again, we shall recall these ties. 

Movement: The Classical and Medieval Attitude 
Our thinking and feeling in all their ramifications are fraught with the concept 

of movement. We owe, in large measure, our understanding of the world to 
the Greeks. From them we inherited a magnificent foundation: mathematics 
and geometry, modes of thought and expression. Yet, we have departed a long 
way from the Greeks. In many respects we have gained; in the main, we have 
lost.' One of the spheres in which we have gone beyond Greece is in the compre
hension of movement. The urge to explore movement - that is, the changing 
in all its fonns - detennined the channels through which flow our scientific 
thought and ultimately our emotional expression. 

If the Greeks did not find an adequate explanation of movement, if they did 
not),educe it to exact logical terms, it was not because they were incapable, but 
because of their fundamental view of the cosmos. They lived in a world of 
eternal ideas, a world of constants. In that world, they were capable of finding 
the appropriate formulation for thought and feeling. We inheri ted their geometry 
and their logic. Aristotle and all antiquity with him thought of the world as 
something reposing in itself, as something that had been in existence since the 
beginning of time. 

In opposition came the religions idea that the world was created and set in 
motion by an act of will. In high Gothic times, this conception of the moved 
world yielded scientific consequences. The Scholastics rehabilitated Aristotle. 
AIJ is well known, Aristotelian authority became so powerful in the seven
teenth century that it almost succeeded in crushing the new idea of a world 
based on movement (Galileo). At the same time the Scholastics Challenged 

1, ..IU~W\;l" on an important issue., Thomas Aquinas' questioning how the world 
, was created from nothingness, and what principles and first causes underlay 
God's action, led to a searching into the question of change and, closely related 
to this, into the nature of movement. 

As the Greek temple symbolizes forces in equilibrium, in which neither verticals 
nor horizontals dominate, the earth in the classical view formed the forever 
Unmovable center of the cosmos. 

The soaring verticals of the Gothic cathedrals mark no equilibrium of forces. 
They seem the symbols of everlasting change, of movement. The stillness 'and 
contemplation emanating from these churches escapes no one; but, at the same 
time, the whole architecture, both within and without, is caught up in an unceas
ing stream of movement. 

Parallel in time, the Scholastics become evcr more concerned with explaining 
the nature of movement. The hypothesis of the earth's daily rotation was 
increasingly discussed, as Pierre Duhem has pointed out, by the circle of Pari
sian philosophers from the fourteenth century on. Nicolas Oresme, Bishop of 
Lisieux (1320?-82), gave ample support to this hypothesis,l and - says Duhem, 
the great French physicist, mathematician, and historian with greater preci
sion than Copernicus later. Oresme propounds the theory in a penetrating 
commentary to the first translation into the French, made at Charles V's behest, 
of Aristotle's Treatise on the Heavens (Du Giel et du Montie). He entitles the 
relevant chapter: 'Several fine arguments ... to show that the earth moves in 
daily movement and the sky not.' 2 Here lie proposes that the movement of the 
heavens can equally well be explained by the circling of the earth around the 
sun; that the earth revolves, not the sky around the earth. To Pierre Duhem's 
question whether Oresme inspired Copernicus, it has been objected that Coperni
cus started from the logical and geometrical contradictions of the Ptolemaic 
system.3 This in no way lessens Oresme's achievement. 

Nicolas Oresme rises from the brilliant circle of Parisian Scholastics, its last 
great representative after Jean Buridan (1300-c.1358) and Albert of Saxony 
(1316-90). Ever present in their discussions and cogitations is the giant figure 
of Aristotle. There was no other guide. On him they test their thought; on 

1 Pierre Duhem, 1861-1916, has,brought this aspect or Nicolas Oresme to light in 'Un precurseur 
francais de Copemic. Nicole Oresme (1377),' Revue genbaJe .us sciences purt3 et appliquks, Paris, 1909, 
,vol 20, pp.866-73. 

• Le Ii.re du Ciel et du Monde. Orellme's Frencb translation of Aristotle, bas recently been printed in 

,Medieval Studies, vols. Ill-V, New York, 1941, with Ii commentary by Albert D, Menut and A. J. Denomy. 


• Duhem'. third volume or bis Etudes sur Leonard de Vinci, Les pffl:/JI'Se/Jl'8 paruiens de Galilk. 
, Paris, 1913, demonstrate.; in monumental fa.hion that the principles of Galilean mechanics were already 
lonnulated in this circle. 
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him it kindles. He affords the one foothold. JD.ey grope in scientific night, 
cautiously feeling their way into the unknown. Now they argue, against ancient 
authority, that the earth turns; now, that it does not. We must take care not to 
read into their theological and Aristotelian conceptions our own mathematical 
conception, one that has been growing in our consciousness ever since Descartes. 
Amid their groping they think as boldly as the Gothic master builders; they 
lay aside the fantastic Aristotelian conception of movement, and put a new one 
in its place - one that still prevails. 

The Fourteenth Century, First to Represent Movement 
All that concerns us in this connection is the first graphical representation of 

mooement. The treatise in which Nicolas Oresme achieves thi'!, the treatise On 
Inlensities,4 proceeds after the Aristotelian fashion from the general investiga
tion of the qualities and quantities of an object. Oresme seeks insight into the 
changing intensity of a quality. He determines this by a graphical method. He 
traces the extension (extensio) of the subject or bearer on a base line that corre
sponds to Descartes' x-axis of the seventeenth century; and he marks the inten
sity of the bearer in different stages by straight lines drawn vertically from the 
base line (y-axis). The ratio of the intensities to one another appears in these 
vertical lines. The changing quality of the bearer is represented in the geometri
cal figure delimited by the summits of the vertical lines. Oresme's treatise is 
accompanied by marginal figures in one of which (fig. 1) the intensities rise 
side by side like organ pipes.5 The curve they delimit represents variation in 
the quality. 

Oresme carries over this basic method as he investigates the essence of move
ment, thus gaining insight into the nature of speed (velocila.s) and of accelera
tioll. By a graphical method he represents movement, time, speed, and 
acceleration.6 

What was new in Oresme's graphical system? Oresme was the first to recog
nize that movement can be represented only by movement, the changing only 
by the changing. This is done by repeatedly representing the same subject at 
various times. To portray a subject freely several times in a single picture was 
not unusual in medieval art. One has only to think of the late Gothic works 
in which the same figure (for instance Christ in the stations of the Cross) appears 

• Trat:1atus de unilormihlle el difformilate ini£nsiam. MS. Bibliotheque Nationale. Paris. Printed in 
several edition •• toward the end of the fifteenth century. 

• See also H. Wie1eitner•• Ueber den Funktionsbegrilf nnd die graphische DarsteUung bei Oresme,' in 
Zeitnhri/tluer die Geschkhle der maihemrdi.st:/um Wisse....cha/ten. dritte Folge, vol. 14, Leipzig, 1913. 

• Summarized in Ernst Borchert'. doctoral thesis • Die Lehre von der Bewegung bei Nikolam Oresme: 
in Beitt'aege mr Geschichle und PhilolJophie des MUU/allen, Band XlC.Xl, 3, MUnster, 1934, p.9S. 
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1. NICOLAS ORESME: The First Graphic Representation of Movement, c.1350. 
The changing qualities 01 a body were graphically interpreted for the first time by Nir-o/as 
Oresme. bishop 01 Lisieux. The variation is shown by .erlkal. erected a.bmJe a horizontal, 
the later X-=i8. (TractatWl de Latitudine Formarum. Second edition, Padua, 1486) 

more than once within one frame of reference. When Descartes, in his (]eo.. 

metria (1637), represented the laws of conic sections by a system of co-ordinates, 
the Aristotelian-scholastic conception had disappeared and variables had become 
basic, not only in graphic representation but in mathematics. By means of 
variables, Descartes interrelates mathematics and geometry. 

The Nineteenth Century and the Capturing of Movement 

Organic Movement in Graphic Form, c.1860 

The nineteenth century makes the great leap and literally learns to feel the 
pulse of nature. Early in his career, the French physiologist, l!;tienne Jules 
Marey, 1830-1904, invented the Spygmograph (1860), which inscribed on a 
smoke-blackened cylinder the form and frequency of the human pulse beat. 
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2. E. J. MAREY: The Myograph, 
Device for Recording tbe MovemeoU! 
of a Muscle. Before 1868. Regisrering 
reoclions of a frog's leg 10 repealed 
electrical sliTTWlation. (Marey, Du 
mouvemeot daos les fooctions de la 
vie, Paris, 1868) 

In this period scientists such as Wundt and Helmholtz were eager to devise 
apparatus to gauge motion in muscles and nerves (fig. 2). Marey is one of these 
great savants, key witnesses today for the constituent side of the nineteenth 
century. 

Movement, movement in all its form - in the blood stream, in the stimulated 
muscle, in the gait of the horse, in aquatic animals and molluscs, in the flights 
of insects and birds - was the ever-returning burden of Marey's research . 

. From the start of his career, when he devised the recorder for the human pulse 
heat, down to his last studies in 1900, when he investigated the eddies of moving 
air streams and registered them on the photographic plate; from his first book 
on the circulation of the blood 'based on a graphical study of the blood,' down 
to"his last and most popular book, Le Mouvement (1894), translated into English 

3. E. J. MAREY: Record of the 

Movemeot of a Muscle. Before 1868. 

Responses of lhefrag's leg /0 stimulation 

by an eleclric current. (Marey, Du 

mouvemeot dans les fooctioos de la 

vie, Paris, 1868) 


-, --.....,. 


, Marey, La Methode graphique dans les sciences e:tperimenlales, Paris, 1885, p,iv. 

, Ibid. pp.1l-24. 

'Ibid. p.1l4. 


4. E. J. MAREY: Trajectory of Respooses in a Frog's Leg. Before 1111\8. Coagulation of lhe mrucle and 
gradual /OSS of funclion as lhe effect of rising lemperature. (Marey, Du mouvement daosles fooctions de 
la vie, Paris, 1868) 
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S. E. J. MAREY: Recording Larger Movements- Flight, 1868. To trace the more exleTUlitJe 111IYDIlmenl. 
oj a bird in flight. Many Ju.uoTWsed a pigeon to the Ql'm oj a merry-go-round. The wing., conneded to pneu.
malie drunu, reoord lNir tro.jtJCl.ory on a cylinder. 

, 
form a bridge to Marey's activity. Marey unites the genius of the experimental 
physiologist with that of the engineer. He iB inexhaustible, in the first half of 
his career, as an inventor of a 'recording apparatus' (fig. 2) whose needles register 
the movement on smoked cylinders.10 The forms that develop often have a 
fascination all of their own (figs. 3,4). These curves, says the savant, might 
be called the 'language of phenomena themselves.' 11 Early in the 'eighties 
Marey began to use photography. 

I. When Marey studied the flight of birds he constructed a working model of a IlIDlloplane having two 
propellers (1872) driven by a compressed air motor (today at Musoo de I' Aeronautique. Paris). In 1886 
he invented daylight-loading film. And with the 6rst movie camera (which contained aU essential parts), 
he made a brief BOOne of a man climbing off a bicycle in the Champa-E1ysOOs. 

u Marey, op.cit. 

J'isuauaUon of Movement in Space, c.l880 

Finally Marey comes to the domain that is of particular concern to us: render~ 
ing the true form of a movement as it is described in space. Such movement, 
Marey stresses again and again, 'escapes the eye.' 

He first attempted a graphic portrayal of movement in the late 'sixties. A 
dove harnessed to a registering device (fig. 5) transmits the curve of its wing 
beats to smoked cylinders. From these the form of the movement iB plotted 
out point by point. 

At the beginning of the 'eighties, Marcy began to use photography for the 
representation of movement. The idea occurred to him in 1873, when an astron
omer showed the Academie des Sciences four successive phases of the sun on a 
single plate. Another hint he found in the 'astronomical revolver' of hiB col
league Janssen, who approximately at the same time - caught on its revolv
ing cylinder the passage of the planet Venus across the sun. Marey now tried 
using this procedure for terrestrial objects. He devised his •photographic gun' 
(fig. 6) to follow flying sea gulls. Instead of stars in motion he portrayed birds 
in flight. a 

The astonishing photographic studies of motion that Muybridge was perform
ing in California also stimulated Marey to work along these lines, although 
their methods, as we shall see, differed considerably. Muybridge arranged a 
series of cameras side by side so that each camera caught an isolated phase of 
the movement. Marey. as a physiologist, wanted to capture movement on a 
single plate and from a single point of view, to obtain the undisguised record 
of continuous motion as he had graphically registered it on his smoked drums. 

It Mare)' also devised the 6rst movie camera with film reels (1886), and showed Edison his 6rst short. 
'movie' during the Puris Exhibition of 1889. Like IlIDst of the great nineteenth-oentury scientists, Marey 
was not interested in the market value of his ideas. The practical soluuons CIUDe from Edison in th", 
beginning of the 'nineties and from Lumi~re in 1895. 

6. E. J. MAREY: Recording Move
ment by Photography. Photo-gml to 
Register Phascsof a Bird's Flight, 1885. 
The banel OOusu a camera lel'l8. The 
plalu are carried on IJ revoming cylinlJer 
and changed by alltion oj IN trigger. 
Sixteen expo,ures IJ minute. (La 
m6thode graphique, PQI'iI, 1885) 
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Marey invited Muybridge to visit him in Paris (1881), and introduced him 
in his house to a gathering of Europe's most brilliant physicists, astronomers, 
and physiologists, who welcomed Muybridge's straightforward tackling of the 
problem. 

Muybridge's photography of flying birds did not entirely satisfy Matey, 
who wished to gain full insight into the three-dimensional character of flight 
as Descartes had projected geometrical fonns: for the flight of insects and of 

7. E. J. MAREY: 
Recording a Gull'. 
Flight in Three Projec
tions Photographi
cally, Before 1890. 
At Muey'8 /aboraIory 
in the PI11'C da Pri"""., 
Parill, fAne .till cwn
eras ploeed aJ. perpen
dicnw anglu /0 the 
lw 0/ flight sinwlJnne.. 
owly rerord a fflI(Jull'8 

puIIQ(Ie be/on black 
waUr and _ a black 

floor. (I.e vol des 
o_ox, Parill, 1890) 

l 
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birds is spatial, It evolves freely in three dimensions. Around 1885 Marey 
pointed three cameras in such a way as to view the bird simultaneously from 
aho-te, from the side, and from the fore (fig. 7). At his laboratory in the Parc 
des Princes, Paris, he set up a vast hangar, before whose black walls and ceiling 
the sea gull flew over a black floor. These simple realities, nonnally hidden to 
the hmnan eye, have an impressiveness that needs no further explanation. 

For better knowledge of the bird's flight. Matey later drew diagrams in which 
he separated the overlapping phases of the photograph (figs. 8-10). He even 
modeled the sea gull in its successive attitudes (fig. 9) sculpture that would 
have delighted Boccioni, creator of the 'Bottle evolving in Space' (1912) and 
of the 'Marching Man' (1913). In hi'! later research 13 Marey made extensive 
use of the movie camera, which proved not especially suited to this purpose. 

.. Marey, La Chronoplwiographie, Paris, 1899, pp.37tr., or a. he call. it 'images chronophotographiques 
recueillies sur pellicule IIlObile: 
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.. E. J, MAREY: 
Horizontal Projection 
or the Flying Seagull 
Before 1890, (Le vol 
des oiseaux) 

10, E. J. MABEY: 
Gull's Flight Recorded 
in Three Projections 
by Apparatus Shown in 
Fig. 7. The sinooudine 
rtpreaenU projection on 
the _twal p/one, The 
dolled lwa connecting 
the heads mo.rk identical 
p/u:J8u. For the 8ake 0/ 
clarity the distance be· 
/ween p/uue8 ill nagger· 
a/ed on the diagram. 
(Le vol des oi_ox) 

9. E. J. MABEY: 
Bronze Model or the 
Flying Seagull (Le 
vol des oiseaox) 
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More significant were Marey's earlier experiments with the portrayal of 
movement in its own right, movement detached from the performer. It was 
not Marey who carried this thought to its conclusion. But his trajectories of 
a bird's wing (c.l885) and of a man walkiug (c.1890) deserve a place in the his
torical record. 

To visualize movement as it evolves in space, Marey first tried describing his 
name in mid-air with a shiny metal ball, and found his signature clearly written 
on the plate. He attached a strip of white paper to the wing of a crow, which 
he let fly before a black background (c.I885). The trajectory of each wing beat 

. appeared as a luminous path (fig. 18). Around 1890 he placed a brilliant point 
at the base of the lumbar vertebrae of a man walking away from the camera 
(fig. 17). In a later lecture {1899} he speaks of these curves as 'a luminous trail, 
an image without end, at once manifold mid individual. '14 This scientist sees 
his objects with the sensibility of a Mallarme. Marey caLled his procedure' time 
photography' (chronophotographie) j its object is to render visible 'movements 
that the human eye cannot perceive.' 

For lack of technical means these early promises did not reach full maturity. 
The fulfilment was to come from elsewhere, from the industrial sphere. This 
occurred around 1912, in 'scientific management.' The object was to record a 
given motion cycle in utmost detail. Only thus could one accurately observe 
the work process. For the first time, images of pure motion are obtained with 
entire precision - images giviug a full acconnt of the hand's behavior as it 
accomplishes its task. We see into a closed domain. Frank B. Gilbreth, the 
American production engineer, built up this method step by step around 1912 
and achieved the visualization of movement. How this investigation proceeded, 
and what parallels simultaneously arose in painting, the section on Scientific 
MlllI/igement and Contemporary Art will attempt to show. 

MOIl6ment Investigated 

A line leads from the fourteenth century to the present: Oresme - Descartes 
- Marey - Gilbreth: The theologian-philosopher - the mathematician-phi
losopher - the physiologist the production engineer. Three of these men 
arose in the country that is outstanding for visualization in all of itb domains. 
The fourth, an American, appeared as soon as efficiency demanded knowledge 
of 'the one best way to do work.' 

Nicolas Oresme, Bishop of Lisieux, was the first investigator to represent in 
grapmc form the ceaselessly changing: movement. 

" Ibid. p. n. 

" 
-'" 

11. GRIFFON AND VIN. 
CENT: Graphic Representation 
of 8 1I0....,·s Gail. 1779. One 
weakness of tJds method, Ml1N?Y 
points oul, is tlmt lite motion i8 
shown /U il centering around a 
slalkpoinl. (Marey.LaMClbode 
grapbique) 

Frank B. Gilbreth (1868-1924) was the first to capture with full precision the 
complicated trajectory of human movement. 

We do not wish to strain the comparison. Nicolas Oresme marks at a decisive 
point tlle schism between the ancient and modern world. A task so easy in 
appearance as the representation of movement demands a faculty of thought 
and abstraction hard for us to grasp today. The American production engineer, 
Frank B. Gilbreth, is but one link in the great process of mechanization. But 
in our connection we do not hesitate to point out a bridge between Nicolas 
Oresme and Gilbreth. Oresme realized tlle nature of movement and represented 
it by graphic methods. Gilbreth, about five and a half centuries later, detached 
human movement from its bearer or subject, and achieved its precise visualiza
tion in space and time (fig. 19). Gilbreth is an innovator in the field of scientific 
management. His thinking and his methods grow out of the great body of 
nineteenth-century science. 

A new realm opens: new 
domain of the engineer. 

forms, new expressive values, transcending the 

25 24 



~~?\~:~)
~ ~'0:r'y ... 

~:::~~\)its,·/·,

..;~. /" 

12. Soocesaive Positioll8 in 8 

Human Step. (From The 
Mechanism of Human L0co
motion. by the Gernum. analo
mislulldE. H. Weber. 1830's, 
(MflI'eY. La mllthode gra
phique) 

13. E. J. MAREY: Oscillations of the Leg in 
Running. BeCore 1835. The model W be plwto
graphed was cwthed in b/crek. with II brighi 
metallic strip down the ai4e oj the arms, body, 
andkgs• 

14. E. J. MAnEY: Jump from a Height with 
Stiffened Legs. c.1390. Diagram/rom a pIwto
graph m:ule by the same method as in Fig. 13. 

15. MARCEL 
DUCHAMP: 
'Nude Descending 
theStairc8Be,' 1912. 
(~g CO/l«
fion. Hollywood. 
Cal. CI){JI'/u;y Mu
_ Qj Modem 

Ari,N. Y.) 

16. EADWEARD MUYBnIDGE: Athlete Descending a Stairc8Be••.1300. Muybridge set up II 8e1'W 
oj cameras at IwelM-inch inJervals. relea8ing their shuller. el«tlOO1llgndically wobtain II sequence oJ motion 
phases. Each picture showed an isolated phase. (The Human FlgUre in Motion. 6th ed•• London, 1925) 



17. E. J. MAREY: Man Walking Away 
/'rom the Camera. Stereoe<.lOpic Trajectory 
of a Point at the Base or the Lumbar 
Vertebrae. c.l890. •A lumilWwr trail, 
at 0IICf roonifo/d and indilliduat.' - Many. 

Movement, the ceaselessly changing, prove> itself ever more strongly the 
key to our thought. It underlie> the concept of function and of variables in 
higher mathematics. And in physics, the essence of the phenomenal world has 
been increasingly regarded as motion-process: sound, light, heat, hydrodynami(''S, 
aerodynamics; until, in this century, matter too dissolves into motion, and 
physicists recognize that their atoms consist of a kernel, a nucleus, around which 
negatively charged electrons circle in orbits with a speed exceeding that of the 
planets. 

A parallel phenomenon occurs in philosophy and literature. Almost simul
taneously with Lu:ull~re's cinematograph (1895-6). Henri Bergson was lecturing 
fA) the Coll~ de France on the 'Cinematographic Mechanism of Thought' 
(19;00).1' And later James Joyce split words open like oysters, showing them in 
motion. 

"cr. Bergson, Creatioe Evolution, Eng. trans.• New York, 1937. p.272. 

18. E. J. MABEY: Photo
graphio Trajectory or a 
Crow's Wing. c.1885. Floe 
wing beata. Marey attached 
a B/rip of]Mile paper to the 
wir141 of the bird and allowed 
it to fly ""Jore a bIMk back
grt'JWId. 

20. W ASSIL Y KAN
DINSKY; Pink 
Square. Oil, 1923. 
(Court.sy Buchholz 
Golkry, NI!IJJ York) 

19. FRANK B. 
GILBRETH: Cyclo
graph ROOOld of the 
Path or the Point ora 
Rapier Used by an 
Expert Fencer. 1914
•Thi. pi.eture ilhu
Irale.$ the beautiful 
.mootA _IervtUm 
and dea1e.ruiUm and 
compfebl COIlb-ol of 
the mUm pat/I.' 
(Photo and mpl.ion by 
oourluy oJ LiUian. M. 
Gi1bre.Ih) 
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Perhaps our epoch, unaccustomed to translating thought into emotional 
experience, can do no more than pose the question: Axe the trajectories, as 
recorded by a production engineer, 'to eliminate needless, ill-directed, and 
ineffective motions,' in any way connected with the emotional impact of the 
signs that appear time and again in our contemporary art? Only in our period, 
so unaccustomed to assimilating processes of thought into the emotional domain, 
could serious doubt arise. 

THE CREED OF PROGRESS 

ONCE more the contrast should be stressed between the ancient and the modem 
outlook:. The ancients perceived the world as eternally existing and self-renew
ing, whereas we perceive it as created and existing within temporal limits; that 
is, the world is determined toward a specific goal and purpose. Closely bound 
up with this belief that the world has a definite purpose is the outlook of rational
ism. Rationalism, whether retaining belief in God or not, reaches its ideological 
peak in thinkers of the latter half of the eighteenth century. RationaIism goes 
hand in band with the idea of progress. The eighteenth century all but identified 
the advance of science with social progress and the perfectibility of man. 

In the nineteenth century the creed of progress was raised into a dogma, a 
dogma given various interpretations in the course of the century. 

In the first decades industry increasingly assumes the prestige held by science. 
For Heuri de Saint-Simon industry is the great liberator. It will sweep away 
nationalism and militarism. An army of workers will girdle the earth. The 
exploitation of man by man will disappear. The greater part of Saint-Simon's 
life was spent in the eighteenth century. His conceptions rest on universal 
grpunds. He sees in mechanization not what was made of it, but what it might 
become. 

Begiuning with the niueteenth century, the power to see things in their totality 
becomes obscured. Yet the universalistic outlook did not fail altogether to 
live on. It would be a rewarding task to follow the survival and dying-out of 
this tendency down to the filtering of isolation into the various branches: in 
the state (nationalism); in the economy (monopolism); in mass production; in 
science (specialistic approach without heed to universal implications); in the 
sphere of feeling (loneliness of the individual and isolation of art). This much 
is certain: the universal outlook is still manifested in remnants around mid
century. It can sometimes be felt in puhlic life. The first of the world exposi
tions at the close of the revolutionary years (London, 1851) was to be a mani
festation of world peace and of industrial co-operation. The closely connected 

so 

idea of free trade reached its short peak under Gladstone in the next decade. 
A glimmer of universality is also found in the writings of the great savants, 

such as Claude Bernard's Introduction it la physique ezperimentale, 1865. 
Herbert Spencer, most influential spokesman for the creed of progress as the 

second half of the century came to understand it, surely did not intend his 
evolutionary teaahings in the sociological sphere (before Darwin) as license for 

. commercial irresponsibility in the name of laissez faire. Evolution is now used 
interchangeably with progress, and natural selection with the results of Cree 
competition. In this roundabout way Herbert Spencer was turned into the 
philosopher of the ruling taste. He provided the theoretical bulwark. A sociolo
gist has recently observed that over 300,000 copies of Spencer's works were sold 
in America in the space of four decades.! 

Eighteenth-century faith in progress as formulated by Condorcet started from 
science; that of the nineteenth century, from mechanization. Industry, which 
brought about this mechanization with its unceasing flow of inventions, had 
something of the miracle that roused the fantasy of the masses. This was espe
,cially true in the time of its greatest popularity and expansion, the latter halt 
of the century. The period in which the great international expositions are 

~. historically significant from London, 1851, to Paris, 1889 - roughly delimits 
.,. time. These festivals to the ideas of progress, mechanization, and industry 

falloff as soon as faith in the mechanical miracle becomes dimmed. 
Belief in progress is replaced by faith in production. Production for produc

's sake had existed ever since the Lancashire cotton spiuners first showed 
world what mechanization on the grand scale was capable of doing. With 
waning of faith in progress, floating as a metaphysical banner over the fac

there entered that faith in production as an end in itself. Fanaticism for 
~production as such was heretofore confined to the manufacturing groups. In 

the time of full mechanization, faith in production penetrated every class and 
l.ramification of 1ife, thrusting all other considerations into the background. 

OF MECHANIZATION 

as envisaged and realized in our epoch, is the end product 
a rationalistic view of the world. Mechanizing production means dissecting 

into its component operations - a fact that bas not changed since Adam 
thus out1ined the principle of mechanization in a famous passage of his 

1 Thom... Cochran and William Miller, The A!1" aJ Enierpri3e, A &ial History of I ndU8lrial A_iea. 
York, 1942, p.125. Cf. the entire chapter, 'A Philosophy for Induatrial Progress,' ibid. pp. 119-28. 

31 



Wealth oj Nalions in 1776: 'The invention of all those machines by which labor 
is so much facilitated and abridged seems to have been originally owing to tbe 
division of labor.' It need only be added that in manufacturing complex products 
such as the automobile, th.is division goes together with are-assembly. 

The rationalistic approach to things came to the fore in the Renaissance. 
Complex events - the movement of bodies for instance - were dissected into 
their components and united in a resultant (parallelogram of forces). The nine
teenth century and ourccntury expanded to the gigantic this principle of division 
and re-assembly, until the whole factory became an organism with division and 
assembly occurring almost automatically. 

The second half of the sixteenth century, especially in Italy, saw an increase 
of technical books. They are practical, and ofl'er great variety of schemes to 
raise the efficiency of manual labor or to replace it by mechanical power. Archi
medes screws, waterwheels, pumping machinery, and gear transmission were 
developed considerably. In hardly a point, however, did they advance beyond 
Hellenistic times. On the whole their devices were incomparably more primitive. 
They are but spelling exercises in mechanization. And even more remarkable 
to a later period: the mechanizing of production was not attempted. Mecha
nization could not become a reality in an age of guilds. But social institutions 
change as soon as the orientation changes. The guilds became obsolete as soon 
as the rationalistic view became dominant and moved continually toward util
itarian goals. This was the predestined hour for mechanization. 

Invention and the Miraculous 
Our present-day point of view tends to identify the inventive impulse with 

the mechanizing of production - an identity that caunot be taken for granted. 
The Ancients thought along altogether difl'erent lines; they placed their inven
tive gifts in the service of the miracle. They created magical machinery and 
automatons. Admittedly, they used their mathematical and physical knowl
edge for practical purposes too. Hero of Alexandria, whose writing3 are pre
served, and whose name has become a sort of generic name for Hellenistic inven
tion, built and improved oil-presses, fire-fighting pumps; invented lamps with 
automatically advancing wicks, or water-tube boilers for heating baths. The 
technical equipment of the later Roman thermae, recent excavations give reason 
to believe, originated in Egypt in the time of the Ptolemies. We shall return 
to th.is point when dealing with the mechanization of the bath. 

In a practical direction the sole systematic application of the Ancient's phys
ical knowledge was to warfare. The Alexandrian inventors built caunon working 
by compressed air, with bronzen barrels bored so accurately that fire spurted 

the charge was released. But completely foreign to their outlook was the 
of placing their great inventive talents in the service of production. 

This book's subject compels us to pass over the period which by its experi
mentation is closer than almost any other to the nineteenth century - Hellen
Otic Alexandria, of the third and second centuries B.C.l 

Among the most fertile ideas of Alexander the Great was that of Hellenizing 
the East, and for this he founded the city of his name on the Nile Delta, much 
as. earlier, the. Greeks had founded Miletus or any of their colony cities. Here, 
through Greek thinkers and scientists, emerged a civilization oriented toward 
"Precise science. Its doctors laid down the bases of brain anatomy, gynaecology. 
and surgery. And similarly with the foundations of geometry (Euclid) and 

r:uuonomy (Ptolemy), 
" 	Amid this atmosphere, under the Ptolemies, throve the Alexandrian School 

inventors, whose writings, schemes, and experiments reflect the calm leisure 
well as the complex character of this Hellenistic city: on one hand the precisio)l 

of Greek thinking, on the other the love of the marvelous that flourished in the 
Orient. 

The Alexandrian inventors were masters in combining the so-called 'simple 
'tDachines,' such as the screw, the wedge, the wheel and axle, the lever, the pulley, 
powered by combinations of water, vacuum or air pressure, to carry out com
plicated movements or manipulations. Thus the temple gates swung open auto
matically as soon as fire was kindled on the altar and swung to when the flame 

Religious plays, several acts in length, were staged with mechanically 
figures, which, to minimize frictiou, Hero put on wheels gliding over 

of wood. So far as we know, no sign of an application to practical trans
i'l'lOrtation has been found. Wooden rails are said to have appeared in English 

in the early seventeenth century. Here they eased the hauling of coal 
Only about 1770 did the general use of rolling stock on wooden rails 

!"astonish continental visitors to English coal mines.2 

Economic reasons can easily be given to explain the lack of interest in pro
luuction: the ancients had cheap labor at their disposal in the form of slaves. 

thi'l fails to explain why they did not apply their knowledge practically; 
not use their rails to speed the vehicles on their highways; used their 

',iilutomatons to dispense consecrated water and did not commercialize them for 
beverages; did not put to everyday use their facility with vacuum, air 

~urA. and mechanical contrivances. 

I The following remarks are based on unpublished studies by the author on The Inventive Impulse. 
'T. S. Ashton, Iron and 8kel in /he. IndU8irial R_lution, London, 1924, p.63. 
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The fact was that they possessed an inner orientation, an outlook on life 
different from ours. Just as we were unable to invent a form of relaxation suited 
to our way of life, the ancients gave little thought to lending their inventive 
powers to practical ends. 

Inexhaustible are the proposals for birds that move their wings and chirp 
when water pressure drives air through hidden pipes; for water organs built on 
the same principle; for series of magic vessels with intermittent flow; for autom· 
atons that alternately pour water and wine or deliver a quota of consecrated 
water when a coin is inserted. 

This love of the miraculous was passed on to the Arabs. Conspicuous in Islamic 
miniatures are the automatons, all based on Alexandrian principles. 

The urge to put invention in the service of the miracle survived throughout 
Islam down to the eighteenth century. What created a sensation in the late 
eighteenth century was not the new spinning machinery, but the manlike autom
atons who walked, played instruments, spoke with human voices, wrote, or 
drew. They were shown before the courts of Europe, and finally toured from 
fair to fair, well into the nineteenth century. The perfecting of automatons in 
the eighteenth century is related to the high standard of the crafts and especially 
to the refinement of the clock-making industry. They are based on a minute 
decomposition and reintegration of movements, which formed the best of dis. 
aplines for the invention of spinning machinery. 

The Miraculous and the Utilitarian 
To go one step further: observing the constituent elements of these tools that 

were decisive for the first period of mechanization, textile machinery, and steam 
engines, we find them to be the last term of a development extending from Alex
andrian times onward. What has changed is the orientation, from the miraculous 
to the utilitarian. The steam engine. as left by James Watt, combines utiliza
tion of the vacuum (condenser) with transmission of movement; and the 
machines of the textile industry show the same cunning mind for decomposing 
and recombining movements that created the man-like automatons. 

To illustrate in a simple way how the miraculous and the utilitarian co-existed 
in the eighteenth century, we shall recall one of the great inventors of the Rococo: 
Jacques de Vaucanson, 1709-82. He is a mechanical genius whose lifetime runs 
parallel with Lout'!, XV and Buffon. In him the two opposite conceptions dwell 
side by side. His automatons bear witness to an astonishing capacity for 
machines into performers of complex organic movements. Vaucanson had 
anatomy, music, and mechanics, all of which he intimately fused in his 
famous automatons, the flutist, the drmnmer, and the mechanical duck. 

~~~ 

;.I!. 

The Outist, which Vaucanson submitted to the Paris Academy of Science for 
examination in 1738 and which, says Diderot, was seen by all Paris, possessed 
lips that moved, a moving tongue that served as the air-Oow valve, and movable 
fingers whose leather tips opened and closed the stops of the Oute. On the same 
principle Vaucanson constructed a drmnmer, who at the same time played a 
three-holed shepherd's pipe. Even more admired was the mechanical duck. 
It could waddle and swim. Its wings imitated nature in every detail 
and they beat the air. It would wag its head, quack, and pick up grain, the 
passage of which could be ohserved in swallowing movements. A mechanism 

. , inside ground up the grain and caused its exit from the body much as in natural 
circumstances. 'It was necessary in a little space to construct a chemical lab
orawry, to decompose the main constituents [of the grain) and cause them to 
issue forth at will.' It was thus described in the Encyclopedie of 1151 3 by no 
less a contributor than the mathematician D'Alembert. Vaucanson had exhibited 
his duck in 1741, according to the Encyclopedie, whose report directly reOect8 
the impression made upon the most advanced contemporaries by this marvelous 
mechanism. D'Alembert, in his description of the flutist,· points out that he is 
reproducing the greater part of Vaucanson's own account,i 'which seemed to 
us worthy of preservation,' and the acute critic Diderot cannot but exclaim with 
unwonted enthusiasm at the end of D'Alembert's article, 'What finesse in all 
these details; what delicacy in all the parts of this mechanism ..• .' 6 Indeed, 
in addition to a love of the marvelous, Vaucanson's automatons and the long 
line of similar creations by others reflect the extraordinary mechanical subtlety 
of the eighteenth century. 

The philosopher Condorcet, who succeeded Vaucanson in the Academie des 
. Sciences, mentions in hi'! eloge that Frederick the Great had sought to attract 
him to the Potsdam court in 1740.1 But in 1741 Cardinal Fleury, the real ruler 
of France, named Vaucanson 'Iuspector of the Silk Manufactures.' It is then 
that his genius turns to the mechanizing of production. He makes numerous 
improvements in spinning and weaving, and proves himself a foresighted organ
izer. About 1740 he coustructs a mechanical loom for figured silks. Its heddles 
are automatically raised and lowered by means of a drum pierced with holes, 
on the same principle that controlled the air supply and the selection of notes 
in his flutist. In Alexandria we alreaC:y find mechanisms being released by 

• Eneyclopl:die ou Du,lionnai1'e raillOnnl, vol. I, p.196. 
• Ibid. under' Androide,' pp.44lHil. 

'S. de VaUC8W1OD, Mkanisme d'unflu.teur mb;aniJlue. Paris, 1733. 

• Eneyclopedie, pASl. 
7 Condorcet. 'Doge de Vaucanson,' in Huloi1'e de rAcadhnie R~ du &ieneu, Annk 1782,.PariI, 

1785. 
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means of pins or grooves. Vaucanson's looms place him. in the long series of 
inventors who, from the seventeenth century on, attempted to solve the auto
matic manufacture of fabrics. Vaucanson's loom did not have immediate con
sequences. In 1804 the inventor Jacquard of Lyons assembled the fragments 
of Vaucanson's loom in the Paris Conservatoire des Arts et Metiers 8 and thus 
invented his weaving automaton, the Jacquard loom, which has remained stand
ard to this day, and reproduced mechanically even the most fantastic patterns. 

It is Vaucanson's practical activities that are historically the most interesting. 
In 1756 9 he set up a silk factory at Auhenas near Lyons. improving or inventing 
every detail of the building and of the machinery, even to the reels, which most 
ingeniously joined the threads from the cocoons as they lay in the bath. and 
the twisting frames that spun them. To the best of our knowledge this is the 
first industrial plant in the modern sense, built nearly two decades before 
Richard Arkwright founded the first successful spinning mills in England. 
Vaucanson had insight into the fact that industry could not be housed in wooden 
shacks or in random buildings. but required a concentrated plant where every 
detail was carefully thought out, and whose machines were moved by a single 
power. His treatise gives full details of the plan.lo The factories - he later 
built a second factory are three stories high, and well planned in every detail. 
The source of power is a single overshot water wheel. He calls for softened light, 
which is obtained from windows with oiled paper. Primitive ventilation and 
vaulting insure to some extent the moist and temperate atmosphere nCCl'.,ssary 
for spinning the silk. Vaucan.'!On set up his spinning machines (moulins aorgan
siner) in large, well-lighted halls. The small models preserved in the Conserva
toire des Arts et Metiers, Paris, show a striking elegance of construction and 
have an imposing number of vertical spindles. The' flyers' of the turn of the 
century are anticipated here. What a contrast with the unwieldy four or eight 
spindle constructions used in the first cotton spinning machines of England! 

Yet these efforts came to nothing. Eighteenth-century France was a testing 
ground in almost every domain. Ideas arose that could become reality only in 
the nineteenth century. for they were unable to sink roots in Catholic France 
under the Ancien Regime. Mechanization was among these. 

• Vaucanson himselr began a collection of machine models of various kinru., which became the nucleus 
of t.lJe Conservatoire dea Arts et Metiers during the Revolution. 

• We give the date as 1756, since in his Memoire., 1776, Vaucanson speaks of an experiment made at 
Aubenas twenty years previously. cr. J. de Vaucanson, 'Sur Ie Chob: de l'Emplacement et sur la 
Fonne qu'il laut donner au Biltiment d'nne Fabrique d'Orgaoain,' in llisloire tk /'Acad}mie Bayak, 
AIIMe 1776, p.168. 

10 Precise ilIustratioDII or V Ilucanson's installatiou are given. See especially Planches V et VI. 

The Mechanizing of Production 

To carry through the mechanizing of production, another class of inventors, 
another class of doers, other sociological conditions, and another textile proved 
necessary. 

Silk was a luxury textile for a luxury class. The English experimented with 
cotton from the start, and constructed all their machines with cotton in mind. 
Here was the road to mass production. And just as the textile itself was 
rougher, of a rougher fiber too was the class and the environment that pushed 
forward its mechanization. 

Here the inventors were neither nobles nor savants. No academy published 
their experiments, and today's knowledge of the beginnings has to be pieced 
together from fragments. No government set up privileged factories: the mecha. 
nizing of production began in the North, in Lancashire, far from the ruling classes 
and the High Church of England. Lonely spots like Manchester - which did 
not attain corporate status before the nineteenth century and was without 
hampering guild restrictions and a proletarian class of inventors were needed. 
One of the earliest of Manchester's large manufacturers observed these facts 
by 1794. 'Towns where manufactures are most flourishing, are seldom bodies 
corporate. commerce requiring universal encouragement instead of exclusive 
privileges to the natives and freemen of a particular district. Those who first 
introduced the cotton manufacture into Lancashire were Protestant refugees, 
who probably found small encouragement for themselves and their industries 
amongst the corporate towns of England.' 11 

John Wyatt, who stretched the yarn between pairs of revolving cylinders 
instead of by hand and set up the first small mill in a Birmingham warehouse 
in 1741, landed in debtors' prison. James Hargreaves. inventor of the spinning 
jenny between 1750 and 1757, was a poor weaver. And Richard Arkwright, 
1732-92, the first successful cotton spinner, who turned to advantage ideas 
upon which other men had foundered, was by trade a barber. Not before 1767 
did he turn from his normal calling, which consisted in buying up dull hair and 
by some process making it usable. In 1780 twenty factories were under his 
control, and at his death he left his son a large fortune. Climbing from 
below - he was the thirteenth child of a poor family armed with an unbreak. 
ing will to conquer, and possessing a flair for success, he exemplifies in every 
trait the type of the uineteenth-century entrepreneur. In a hostile environment, 
without protectors, without government subsidy, but nourished by a relentless 

11 T. Walker, Review ojSome oj the Political Evenil< Which IT_ OuUlT'ed in. Manchu/er Daring flut LalIt 
FilJll Y"""., Loodon, 1794. Quoted in Witt Bowden, IndlJ8i1'ial Society in. England TOUJOI'd. flut End oj flut 
Eighleenlk Cenlury, New York. 1925. pp.56-7. 
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utilitarianism that feared no financial risk or danger, the first mechanization 
of production was accomplished. In the following century the mechanization of 
cotton spinning became everywhere almost synonymous with industrialization. 

The Simple and the Complicated Craft 

First experiences are often decisive for the future development. Of mecha
nization this is certainly true in more than one respect. What distingnishes 
European from American mechanization can be observed in the eighteenth
century beginnings as it can a century and a half later. Europe began with the 
mechanizing of the simple craft; spinning, weaving, iron making. America pro
ceeded otherwise from the first. America began with the mechanizing of the 
complicated craft. 

While Richard Arkwright, around 1780, was fighting his way upward to a 
power without precedent, Oliver Evans, on the banks of a solitary creek not 
far from Philadelphia, was mechanizing the complicated craft of the miller. This 
was achieved by continuous line production, in which the human hand was 
eliminated, from the unloading of the grain to the processed flour. 

At that time there was no American industry. Trained workers were scarce. 
The well-to-do imported from England their fine furniture, glassware, carpets, 
tahrics; the pioneer farmer of the hinterland made his own utensils and furniture. 

The sudden leap from Robinsonian conditions amid the virgin forest into an 
advanced stage of mechanization is a phenomenon that recurs again and again 
in this period. The impulse behind it was the necessity to economize labor and 
the dearth of skilled workers. The way in which, simultaneously with the open
ing of the prairie to agriculture around 1850, the necessary machinery was created 
and. the complicated craft of the farmer increasingly mechanized forms one of 
the most interesting cbapters of the nineteenth century. But the impulse was 
there even earlier. Only thus can we understand that by 1836 two mid-western 
farmers had on the field a harvesting machine (fig. 89) that performed in a con
tinuous production line the entire harvesting task of threshing, cleaning, and 
bagging the grain. It appeared about a century ahead of its time. These symp
toms assert the orientation from which sprang the whole development of the 
United States. The dimensions of the land, its sparse population, the lack of 
trained labor and correspondingly high wages, explain well enough why America 
mechanized the complicated craft from the outset. 

Yet an essential reason may lie elsewhere. The settlers brought over their 
European mode of living, their European experience. But from the organization 
of the complicated craft and the whole culture in which such institutions had 
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they were suddenly cut off. They had to start from scratch. Imagination 
';"88 given scope to shape reality unhindered. 

The Gothic Roots of the Highly Developed Craft 

Strife and turmoil notwithstanding, the European development had flowed 
on unbroken until mechanization entered upon the scene. The highly developed 
craft has its roots in the late Gothic period. Its rise is inseparably bound up 
with the revival of municipal life. The need for organized living within a com
nmnity explains why in the thirteenth and fourteenth centuries city life that 
bad dwindled more and more began to function again, and why, on both old 
and new cultural soil, cities were founded in numbers exceeded only by the nine-
teenth-century development in America. The modest timber houses of the 
Gothic towns, each with its similar front, and built on an equal lot, formed the 
birthplace of the highly developed handicraft. 

Only as the Gothic period was nearing its close, after the raising of the urban 
cathedrals, did the new burgher class set about the creation of an adequate 
domestic setting  the burgher interior. Down to the nineteenth century this 
late Gothic interior continued as a core of further development. Parallel with 
this, the culture of handicrafts underwent continuous refinement down to the 
time when mechanization finally set in. 

Then a remarkable symbiosis occurs. Handicraft lives on side by side, or 
intermingled with, industrial production, for the Gothic roots did not perish 
altogether. A token of this was the obligation to pass through the traditional 
stages from apprentice to journeyman and master. Even the factory mechanic 
was trained in a similar way. This careful formation in all branches yielded 
excellently qualified workers, and led to the basic divergences. for better and 
for worse, between America and the Continent. The butcher, the baker, the 
joiner, the peasant, have persisted since Gothic times. In a few countries like 
Switzerland, besides the Gothic nucleus of the city, many usages have remained 
alive, even to the way of speech. An inner resistance to mechanization keeps 
it from penetrating over-far into the sphere of intimate living. And when this 
does occur, it is likely to be after hesitation and in the wake of America. 

The complicated handicraft tends however to give to life a certain rigidity 
and slowness. In America, where it is lacking, its absence is compensated for 
by the habit of tackling problems directly. The axe, the knife, saw, hammer. 
shovel, the household utensils and appliances, in short the panoply of instru
ments whose form had remained static for centuries in Europe, are taken up 
and shaped anew from the first quarter of the nineteenth century on. America's 
original contribution, the mechanizing of the complicated craft, sets in vigor
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oustyafter mid-century, especially in the early 'sixties, with a second wave of 
advance between 1919 and 1939. We shall briefly diseuss the significance of 
these decades. 

Pro.61e of the Decades 

The 'Suties 

In every domain there are times that foreshadow future developments with 
extraordinary swiftness, even if a tangible outcome, an intense follow-through, 
is not immediately achieved. The 'sixties in America were such a time. Not 
in great names or in great inventions. But to the period after 1850 we shall 
again and again, in this book, trace impulses and trends that have strongly 
influenced our epoch. 

A collective fervor for invention seems to course through this period. In the 
seventeenth century the inventive urge was possessed by a limited group of 
scholars - pht1osophers and savants like Pascal, Deseartes, Leibnitz, Huygens, 
or further back, the universal man of the Leonardo type. The orient.ation that 
was later to 'iNlay t.he masses of the people first takes shape in t.he minds of t.he 
few. UntI1late in the eighteenth century, inventive activity, so far as it found 
record in t.he British Patent archives, was no more than a trickle. Toward the 
mid-nineteenth century it gained its hold over the broad masses, and perhaps 
nowhere more strongly than in the America of the 'sixties. Invention was in t.he 
normal course of things. Everyone invented, whoever owned an enterprise sought 
ways and means by which to make his goods more speedily, more perfectly, 
and often of improved beauty. Anonymously and inconspicuously the old tools 
were transformed into modern instruments. Never did the number of inven
tiops per capita of the population exceed its proportion in America·of the 'sixties. 
But we must beware of assuming an identity between the inventive urge and 
the degree of industrialization. Such was by no means the case. Taking the 
key industry of t.he nineteenth century as an index, Europe and particularly 
England are seen to have been well in t.he lead. Around mid-century, according 
to t.he Revue des Deux Mondes,12 Amcrica had 5.5 million power spindles, France 
4, million, and England 18 million. Greater still, even at a later time, was the 
weaving potential of Europe. In 1867 America had over 123,000 power looms, 
France 70,000, and England 750,000,13 

Whoever wishes to know what was going on in the American psyche at this 

12 Revue du D&t MQndes, 1855. IV p.1305. 

IIBICfIIlvd. IIisIoire de l'induslrie, Paris. 1895, vol. III p.60 fr. 
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will find evidence not only in American folk-art. The activity of the anon
inventor is more revealing. But only a fraction of the popular habit of 

invention is preserved in the Patent Office. If we turn so often to the patent 
drawings, it is as objective witnesses, although the drawings in themselves often 
have an artistic directness that distinguishes them from the technical routine 
of a later time. In them no small portion of folk-art lies concealed. 

In the American patent lists of the late 'thirties, few schemes for the improve
ment of steam engines or of textile manufacture are to be found, whereas ideas 
for facilitating the complicated handicrafts and initial efforts to mechanize 
human surroundings are conspicuous. This becomes truly evident in the 'sixties, 
in agriculture, in breadmaking, in the mass processing of meat, in the honsehold. 
Mechanization penetrated many areas with success. For others, like the house
hold, the time had not yet come. From this period, however, it was but a step 
to the time of full mechanization, which realized what the 'sixties had 
foreshadowed. 

The Time oj Full Mechanization, 1918-39 

We designate the period between the two World Wars as the time of full 
mechanization. The development is too fluid to be tied within strict limits. 
Before 1918 full mechanization was already setting in, and it was by no means 
ending in 1939. Even within these years there are times of widely varying 
intensity. Yet with good warrant one may call the era between the wars the 
time of full mechanization. 

Our point of view is too close to allow a total reckoning of "'hat happened 
in these two decades, or of what the consequences may be to us. This much, 
however, is certain: at one 'iNleep, mechanization penetrates the intimate spheres of 
life. What the preceding century and a half had" initiated, and especially what 
had been germinating from mid-nineteenth century on, suddenly ripens and 
meets life with its full impact. 

True, changes aitected living as soon as mechanization announced itself in 
the early nineteenth century; yet the influence was limited to fairly narrow 
areas, to those places such as Manchester, Roubaix, LiIle, where the large textile 
factories began to flourish and, with their slums, undermined the structure of 
the whole city. The greater body of life was left undisturbed. 

Never, as we shall see later, was the standard of English agriculture more 
enthusiastically praised than around mid-nineteenth century. On the Con
tinent too the farming population, even of the industrialized nations, outnum
bered that of all other occupations. In the United States in 1850, about 85 per 
cent of the population was rural, and only 15 per cent urban. This ratio began 
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slowly to decline around the end of the century. By 1940 less than 1 in " of 
the total popnlation lived on farms.lt 

In the latter half of the nineteenth century, with the widening of the railroad 
network, the accelerated growth of metropoli, and, in America, the mechanizing 
of many complicated crafts, the influence of mechanization was already reaching 
deeper into life. 

Now, around 1920, mechanization involves the domestic sphere. For the 
first time it takes possession of the house and of whatever in the house is sus
ceptible of mechanization: the kitchen, the bath, and their equipment, which 
capture the fantasy and arouse the acqui..itive instinct of the public to an aston
ishing degree. In the time of full mechanization more appliances grew into 
bousehold necessities than had been introduced in the whole preceding century. 
They absorb an unprecedented share of space, cost, and attention. To establish 
at what moment the various electrical appliances became popularized we 
addressed a questionnaire to one of the large mail-order houses; 16 it appears 
that the minor appliances - fans, irons, toasters, wringers - entered the cat
alogues in 1912; the electric vacuum cleaner in 1917; the electric range in 1930; 
and the electric refrigerator in 1932. 

The mechanization of the kitchen coincides with the mechanizing of nutri
tion. Ail the kitchen grows more strongly mechanized, the stronger grows the 
demand for processed or ready-made foods. 

Around 1900 the canning industry - meat packing excepted - was still in 
a rather chaotic state in regard both to production and to quality. The time 
of full mechanization brings an enormous increase in the output and varieties 
of processed foods: from excellent canned soups, spaghetti in: sauce, and strained 
baby food, to canned dog, cat, or turtle food. The time of full mechanization 
is jdentical with the time of the tin can. 

The phenomenon of submitting food to mass production is likewise seen in 
the development of chain restaurants. A single enterprise in a single building 
in New York prepares food for 300,000 people daily. Doughnuts swimming 
in bot fat are transported on the endless belt, and the march of apple pies goes 
on continuously througb the immense tunnel oven by military rows of twelve. 

We shall confine ourselves almost exclusively to mechanization's advance 
into the private sphere, and to the simpler things, such as the kitchen, the bath
room, and their appliances. But mechanization implanted itself more deeply. 
It impinged upon the very center of the human psyche, through all the seuses. 

" Sizleenlh Census 01 the Unif£d Slala, 1940. 'Agriculture,' vol. III, p.22. 
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For the eye and the ear, doors to the emotions, media of mechanical reproduc
tion were invented. The cinema, with its unlimited possibility of reproducing 
an optical-psychic process, displaces the theater. The eye accommodates itself 
to two-dimensional representation. The adding of sound and of color aims at 
an increasing realism. New values are born with the new medium, and a new 
mode of imagination. Unfortunately, the demand for mass production caused 
the medium to be used along the path of least resistance, to the debasement of 
public taste. 

For the reproduction of sound through space even greater potentialities were 
opened. More than any other medium, the radio acceded to power in the time 
of full mechanization, influencing every aspect of life. Now music is mecbanized 
in its full tonal range. The phonograph, originating in the' eighteenth century, 
was but a forerunner of this mechanization. Its refinement occurred parallel 
to the introduction of the radio. Ail sound was added to the moving picture, 
so sight was added to radio - television. 

To close the circle, transportation break.~ into intimate living. Transportation 
was one of the favorite objects of nineteenth-century mechanization. But the 
locomotive is a neutral vehicle. The automobile is a personal appurtenance 
which comes to be understood as a movable part of the household: one the Ameri
can is least willing to give up. With the exaggeration permitted to a moral 
critic, John Steinbeck remarks, in 1944, that most of the children 'were con
ceived in Model-T Fords and not a few were born in them. The theory of the 
Anglo-Saxon home became so warped that it never quite recovered.' 1& 

At all events, the highway network was adapted to the automobile in the 
decades between the W orId Wars. The automobile is a harbinger of full mechan
ization.. Its mass production began in the second decade, but took decisive 
effect only at the beginning of full mechanization. First concrete highways, 
later parkways, made cruising so effortless that one is led to drive for driving's 

. sake, to overcome one's inner restlessness, or to escape from oneself by depress
ing the gas pedal. This'_ trend can be observed everywhere, but nowhere so 
strongly as in America. In the land where in the 1840's Henry Thoreau pro

. foundly but unsentimentally described the life of the tramper, based on the 
close contact of man with nature, the automobile has almost crowded out the 
pedestrian. Walking; relaxation for its own sake, because the body demands 
it, or because the brain requires a pause in which to recuperate, is increasingly 
eliminated by the motor-car. 

To investigate the sociological implications of the automobile or the psychic 

IIlohn Steinbeck. Canney R(JIJJ, New York. 1944. 
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effects of the radio and cinema is an inviting task. But such research pertains 
to fields other than ours and demands the teamwork of many disciplines. 

In the time of full mechanization still newer developments set in, whose drift 
and implications cannot be foreseen. It is no longer replacement of the human 
hand by the machine, but of intervention into the substance of organic as well 
as of inorganic nature. 

In the inorganic, it is the exploration of the structure of the atom and its 
use for as yet unknown ends. 

One sphere is already taking clearer shape: one that intervenes directly into 
organic substance. Here the demand for production delves into the springs of 
life, controls generation and procreation, influences growth, alters structure and PART III MEANS OF MECHANIZATION
species. Death, generation, birth, habitat undergo rationalization, as in the 
later phases of the assembly line. The host of unknowns that these processes 
involve makes uneasiness hard to dispel. Organic substance or inorganic, it is 
experimentation with the very roots of being. 

What occurs in art in this period gives the most intimate insight regarding 
how deeply mechanization penetrated man's inner existence. The revealing selec
tion in Alfred Barr's 'Cubism and Abstract Art' (N. Y., 1936) tells in what dif
ferent ways the seismographic artist responded to the beginning of full mechani
zation. At this point we can no more than give a few hints of the many-sidedness 
of this perception. 

Mechanization has penetrated down to the artist's subconsciousness. The 
dream Giorgio de Chirico reports his most obsessive (1924) intenningles the image 
of his father with the daemonic strength of the machine: 'I struggle in vain with 
the man whose eyes are suspicious and very gentle. Each time I grasp him, he 
frees himself by quietly spreading his arms . . . like those gigantic cranes ....' 
(J. Thrall Soby, G. de Chirico.) 

The same anxiety and loneliness pervade the melancholic architectures of his 
early period and his tragic mechanical dolls, portrayed in every detail, yet dis
quietingly taken to bits. 

On the other hand there are Leger's large canvasses, around 1920, building the 
city's image out of signs, signals, mechanical fragments. There are Russians and 
Hungariarul. themselves far from mechanization, yet inspired by its creative power. 

In the hands of Marcel Duchamp and others, machines, these marvels of 
efficiency, are transfonned into irrational objects, laden with irony, while intro
ducing a new aesthetic language. The artists resort to elements such as machines, 
mechanisms, and ready-made articles as some of the few true products of the " 
period, to liberate themselves from the rotten art of the ruling taste. 
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