




















































































































































































































































































































































































































Art and Technology

Technology now totally dominates every step of every
day life. The artist's creativity is only slowly reestab
lishing its prestige, after having been almost wholly
eclipsed by science and technology during the nine
teenth century. During that time, artists lost the tradition
of an understanding of materials and their capacities.
Art and science, emotion and reason, became divorced
and developed independently.

To confront the men who are shaping the new techno
logy with the sense of individual responsibility and free
dom that reigns in art is an important task. What must
be abolished is the determinist notion that technology
develops independent of the people who work with it.
Since technology is nothing but a tool, it is neutral.
Those who work with it must learn from artists to take
full responsibility for what they do.

The international organization Experiments in Art
and Technology (E.A.T.) was founded to try to establish
a better working relationship among artists, engineers,
and industry. In line with that purpose, E.A.T. agreed to
arrange a competition in connection with the exhibition
"The Machine as Seen at the End of the Mechanical
Age." In response to the announcement of this com
petition, reproduced on the preceding page, approxi
mately two hundred works, using a wide variety of
means, were submitted from nine countries.

The jurors were: James M. Brownlow, International
Business Machines Research Laboratories; Michael D.
Golder, Plastic Research and Development Center, Cel-
anese Plastics Company; Cyril M. Harris, Professor of
Electrical Engineering and Architecture, Columbia Uni
versity; John W. Pan, Bell Telephone Laboratories; and
William G. Rosen, Special Assistant to the Director,
National Science Foundation, and Executive Secretary
of the Committee on Academic Sciences and Engineer
ing of the Federal Council for Science and Technology.

In making the awards for the most inventive use of new
technology as it evolves through the collaboration of
the artist and engineer, the jurors were asked to base
their judgments on these criteria: First, how inventive
and imaginative is the use of technology? Second, to
what extent have the engineer and the artist collaborat
ed successfully?

The prizes mentioned in the announcement were
awarded to the following engineers for their technical
contributions: Ralph Martel, first prize; Frank T. Tur
ner, Niels O. Young, second prizes. In announcing their
decision, the jurors issued the following statement:

In each of the winning entries a spectrum of technology
was used with great impact on the art forms. Evident
is the realization that neither the artist nor the engineer
alone could have achieved the results. Interaction must
have preceded innovation. Going beyond a demonstra
tion of technical prowess or an intricate orchestration
of art and technology, the engineer and artist together
have created more than a well-executed realization of
fantasy. The unexpected and extraordinary, which one
experiences on viewing these pieces, result from inven
tiveness and imagination, stimulated not by the brute
force of technical complexity but by probing into the
workings of natural laws.

In advance of the jury's deliberation, the director of
the exhibition had already made a preliminary selection
of nine works from the competition; they are document
ed on the following pages. Some very interesting
environmental works, including entire rooms, unfortu
nately had to be excluded from consideration because
of their size and the limited space available. When the
jurors' decision was announced, it was remarkable that
their awards should have gone to three of the nine
works already selected.
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Lucy Jackson Young. American, born 1930 (artist)

Niels O. Young. American, born 1930 (engineer)

(§}* Fakir in 3/4 Time. 1968

Base: aluminum, plastic, and motors, approximately
30" high by 25" wide X 16" deep; fountain effect:
textile cord or tape, adjusting from 4 to 40' above base

The creators of this mechanical fountain point out
that it is the first machine to do the Indian rope trick.
The basic principle by which a loop of otherwise limp
cord could be coaxed into apparent rigidity and made to
stand up was discovered only a couple of years ago. It
is the same principle as that of the lariat, in which the

motion of a loop of cord along its own length causes it
to become rigid. In Fakir in 3/4 Time, the cord, instead of
being swung at the end of a tether, is gobbled in and
spewed out again by means of an electric motor and
sheave, at the rate of 100 miles per hour. Because of its
speed, the stream of cord resists deflection until it
reaches the end of its loop, when it has to turn about
and return to the machine. The head operates by means
of a vacuum capstan.

Fakir in 3/4 Time has the elegance of a very simple
solution. The choreography of this mechanical fountain
is manually adjustable, but theoretically it could be pro
grammed in a way similar to Arm (opposite).
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Wen-Ying Tsai. American, born China, 1928 (artist and engineer)

Frank T.Turner. American, born 1911 (engineer)

(§£}* Cybernetic Sculpture. 1968
Multiple stainless steel units, each 9'4" high X 20"
diameter at base; oscillator, stroboscopic lights,

electronic equipment

This sculpture is based on the principle of the harmon
ic motion in a "standing wave' produced by a vibrating
rod — the same idea that Gabo explored earlier (see
page 106). Here, several units are grouped together.
Their visual effect when in motion is continually modula
ted by high-frequency stroboscopic lights. The lights
react to sound, such as that of a voice or the clapping

of hands. The sense of contact with the sculpture that
the viewer obtains is due to the subtlety of the works
reaction; the response of the trembling rods seems a

direct translation of his voice.
The technical solution that produces this illusionistic

feat is at once so discreet and so efficient that it strikes

us as perfect.
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Lillian Schwartz. American, born 1927 (artist)

Per Biorn. Danish, born 1937 (engineer)

Proxima Centauri. 1968
Plastic, ripple tank, slides, slide projector, motors,
electrical equipment; base, 55" high X 30" wide
X30" deep; globe, 30" diameter

Changing patterns appear on the surface of a white
translucent dome, which at times seems to become a
gelatinous mass that shakes, breathes, and then returns
to still images. As the spectator approaches the sculp
ture, the dome throws off a red glow, while slowly sink
ing into the base and thus inviting the viewer to come
still closer to observe this phenomenon. The dome is
now resting inside the base. Peering down into the rec

tangle, the viewer sees the spectacle of a series of
abstract pictures focused on the globe — which having
lured the viewer into the position that it desired, now
shows him its material. When he leaves the sculpture,
the red glow reappears as the dome surfaces. When it
has assumed its original position, the red turns off, and
the changing patterns begin again, awaiting the ap
proach of another spectator.
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Hilary Harris. American, born 1929 (artist)

James Macauiay. Scottish, born 1923 (engineer)

(§S Arm. 1967—1968
Anodyzed aluminum, aluminum alloy, motors, electronic
equipment, 55" high (including base and 5 elements)
X 21" wide X 16" deep; maximum radius of arm, 55"

Arm is born out of a collaboration between an artist
and an engineer who have been working together for
many years, mostly in animated and documentary films.
Film is, of course, a medium in which there is a con
stant, natural, and for the most part unproblematic col

laboration between artists and engineers, who jointly
develop an increasingly refined technique.

All of Hilary Harris' earlier work — which has included
dance, still photography, sculpture, and film — has
concentrated on movement as its underlying theme. In
Arm, a highly advanced mechanical technology is used
in combination with electronics to create a nonfigurative
choreography. Each of the five articulated elements is
capable of independent movement. The motor within
each one is controlled by a master motor in the base,
and this in turn reacts to instructions, programmed by
the choreographer, which are read continuously by the

mobile as it performs.
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John William Anthes. American, born 1946 (artist)

Tracy S. Kinsel. American, born 1930 (engineer)

(§>* ELLI. 1968

Helium-neon laser, mirrors, target, loudspeakers,
electronic and electrical devices, 51" high
x 26" wide X 26" deep

In recent years, there have been many projects that
utilized laser light. The interest of ELLI (Electronic Laser
Light Image) is that it presents a three-dimensional light
image that responds to information given to it. "The
viewer can have dialogue with image (extension of Elli's
soul) ... the image has dialogue with surroundings."
There are alternative methods of operation. In one, the
music from a magnetic tape generates the audio signals

that control the image; in the other, the observer con
trols the light images by depressing keys on the key
board of an electronic organ. The images produced can
be either stationary or in motion; by forming "chords,"
one can make them increasingly complex.

The completely dematerialized sculpture that Gabo
predicted as a further step beyond his Standing I/Vave of
1920 has here been achieved.
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Robin Parkinson. American, born 1943 (artist)

Eric Martin. American, born 1943 (engineer)

(§>» Toy-Pet Plexi-Ball. 1968
Plexiglass, electrical equipment, motor, microphone,
synthetic fur bag; sphere, 11" diameter

The Toy-Pet Plexi-Ball has three "eyes" and one "ear"
that respond to light and sound. Its creators explain:

If a person, in the same room with the sphere, makes a
loud noise, such as clapping his hands, the sphere be
gins to roll. If, after five seconds, he makes no other loud
noises, the sphere will stop. If he continues making
noise for the five seconds, the sphere continues to roll
for a longer period in the same direction. If the sphere
has stopped and the person makes a noise a second
time, the sphere rolls in another direction. If he directs

the sphere toward any other object, it eventually sees
a reflection of its blinking and goes in either of two
other directions. If he approaches the sphere and gets
in front of the light source, the sphere sees him and
begins to move in one of three directions. A controlled
series of sounds can guide the sphere in the direction
of another person or pursue him around the room.

The only override to the sphere's internal decision
making process consists of throwing a blanket over the
sphere, or putting it in its special bag. The sphere then
remains in a dormant state until released.
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In the case of translated material, wherever a source in English is cited,

it has been quoted verbatim. If no source is given, the translation is that

of the editor, unless otherwise indicated.

1 Leonardo da Vinci's Aeronautics. London, Her Majesty's Stationery

Office, 1967, p. 3.

2 Quoted in John Cohen, Human Robots in Myth and Science. South

Brunswick and New York, A. S. Barnes and Company, 1967, p. 68.

3 Bracceli: Bizarrie, with an essay on Bracceli by Tristan Tzara.

Paris, Alain Brieux, 1963.

4 Le Mecanisme du Fluteur automate . . . Paris, Jacques Guerin, 1738.

Gravelot's engraving appeared as the frontispiece for this prospectus.

5 A detailed history of the duck is given in Alfred Chapuis and Edmond

Droz, Automata (Neuchatel, Editions du Griffon, 1958, pp. 239-247) and

in a more recent monograph by Andre Doyon and Lucien Liaigre

(Jacques Vaucanson, Mecanicien de genie. Paris, Presses Univer-

sitaires de France, 1966, pp. 65—108). It was sold by Vaucanson in

1743, shown in several German cities and St. Petersburg, and after

its return from Russia was bought by a German in Helmstedt. There

Goethe saw it in 1805 and described it in his journal. "We found

Vaucanson's automata completely paralyzed," Goethe reported. "The

duck had lost its feathers and, reduced to a skeleton, would still

bravely eat its oals but could no longer digest them." Lost sight

of for several decades, the duck was rediscovered about 1840, and a

German clockmaker, Johann-Bartholome Reichsteiner, undertook to

put it back into working order. The task took three and a half years

and cost him much labor and great expense. At its premiere in

restored state at La Scala in Milan in 1844, the duck was again
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tions. The records thereafter become confused because of the

appearance in 1847 of a new duck made by Reichsteiner, on some

what different principles; the last report of Vaucanson's original

seems to be contained in a letter written from Marseilles in 1863.

6 Quoted in Technology in Western Civilization, edited by Melvin

Kranzberg and Carroll W. Pursell, Jr. New York, Oxford University

Press, 1967, vol. II, p. 39.

7 Quoted in Stephen F. Mason, A History of the Sciences (new revised

edition). New York, Collier Books, 1962, p. 187.

8 In the first and second editions of Morghen's Raccolta, issued

between 1764 and 1772, the voyagers to the moon were identified as

"Cavaliere Wild Scull and M. de la Hire." In an article on "The

Three Editions of Filippo Morghen's Raccolta" in The Art Bulletin

(Chicago, vol. XIX, March 1937, pp. 112—118), Grant McColley has

suggested that Morghen may have been influenced to alter the third

edition by his friend Sir William Hamilton, a scientist and Fellow

of the Royal Society, who was British envoy to the court of Naples.

9 Uppfinningarnas Bok, edited by O. W. Alund. Stockholm, 1872—1875.

Passage quoted translated by K. G. P. Hulten.

10 Quoted in C. H. Gibbs-Smith, The Great Exhibition of 1851. London,

His Majesty's Stationery Office, 1950, p. 26.

11 Quoted in ibid., p. 7.

12 Space, Time and Architecture (3rd edition). Cambridge (Massachu

setts), Harvard University Press, 1954, p. 250, p. 255.

13 Lawrence Gowing and Richard Hamilton, preface to exhibition cata

logue, Man Machine & Motion. University of Durham, Newcastle

upon Tyne, 1955.

14 Mechanization Takes Command. New York, Oxford University Press,

1948, p. 24.

15 Quoted in Georges Sadoul, Histoire generate du cinema. I. L'lnven-

tion du cindma, 1832—1897. Paris, Editions Denoel, 1946, p. 237.

16 The Horse in Motion . . ., preface by Leland Stanford, text by J. D.

Stillman. Boston, James R. Osgood and Company, 1882, p. iv.

17 Imago: Journal ol Photography of the George Eastman House

(Rochester, New York), vol. II, April 1953.

18 Quoted in Beaumont Newhall, The History of Photography from 1839

to the Present Day (revised, enlarged edition). New York, The

Museum of Modern Art, 1964, p. 97.

19 Ibid., p. 99.

20 "Artist and Automobile," in Man and Motor: The 20th Century Love

Affair, edited by Derek Jewell. New York, Walker and Co., 1967, p. 119.

21 Histoire de la locomotion terrestre, text and documentation by

Baudry de Saunier, Charles Dollfus, and Edgar Geoffroy. Paris,

L'lllustration, 1935, p. 278.

22 Ibid., p. 279.

23 Letter from Feininger to Alfred H. Barr, Jr., August 1944, quoted in

Lyonel Feininger - Marsden Hartley. New York, The Museum of

Modern Art, 1944, pp. 7—8.

24 Stuart Legg, "A Note on Locomotive Names," London Bulletin, nos.

4-5, July 1938, p. 20, p. 25.

The first main-line passenger service was inaugurated in 1830. As

this catalogue goes to press, the newspapers record the end of an

era, with the last trip by the last British steam-powered train:

LIVERPOOL, August 11 (Reuters). — Steam officially bowed out ot

British Railways today amid popping champagne corks, bunting, bells

and hooters, clicking cameras — and more than a lew heavy hearts.

In the face of progress, 138 years after George Stephenson's Rocket

opened the first train passenger service, Britain's last steam locomo

tive made a final nostalgic journey from here to Carlisle and back.

Aboard the train were more than 400 steam enthusiasts who paid 15

guineas ($ 37.80) for the privilege ot sharing the passing of �'Puffing

Billy" from the British scene. . . .

A century and a half of manmade history has now gone to the

wreckers' yards. ... By 1967 all passenger traffic switched to diesel

or electrified lines. And last month steam was dealt the final blow

when it was decided it was no longer worthy even to haul freight

Today's 314-mile journey Liverpool to Carlisle was a last chance to

indulge in nostalgia of the love affair with steam that embraced

generations of young boys, and many of their fathers. . . .

- International Herald Tribune (Paris), August 12, 1968.

25 Quoted in Theodore Lux Feininger, Lyonel Feininger: City at the

Edge of the World. New York, Frederick A. Praeger, 1965, p. 27.

26 The Photographs of Jacques Henri Lartigue. New York, The Museum

of Modern Art, 1963, p. 2.

27 Man Machine & Motion, p. 11.

28 Translated by Reyner Banham, "Futurist Manifesto," The Architectu

ral Review (London), vol. CXXVI, August-September 1959, pp. 77-80.

29 Quoted in Joshua C. Taylor, Futurism. New York, The Museum of

Modern Art, 1961, pp. 46—48.

30 Quoted in ibid., p. 129.

31 Loc. cit.

32 "Symbolisme plastique et symbolisme litteraire," Mercure de France

(Paris), February 1, 1916; reprinted in Archivi del Futurismo. Rome,

De Luca, 1962, I, pp. 204-210.

33 Translated from a manuscript written by de Chirico during his sojourn

in Paris, 1911—1915; published in James Thrall Soby, Giorgio de

Chirico. New York, The Museum of Modern Art, 1955, p. 252.

34 Giorgio de Chirico, p. 65.

35 Epstein: An Autobiography. New York, Dutton & Co., 1955, p. 56.

36 Jacob Epstein, Sculptor. Cleveland and New York, World Publishing

Company, 1963, p. 98.

37 Wyndham Lewis the Artist, from 'Blast' to Burlington House. London,

Laidlaw & Laidlaw, 1939, p. 78.
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London, The Tate Gallery, July 6—August 19, 1956, p. 3.

39 Blast No. 1; reprinted in Wyndham Lewis the Artist, p. 128.

40 Blast No. 2; reprinted in ibid., p. 151.

41 Quoted in John I. H. Baur, Joseph Stella. New York, Shorewood

Publishers, Inc., 1963, p. 13.

42 Loc. cit.

43 "Suprematism," The Non-Objective World, Part II (1927), translated

by Howard Dearstyne. Chicago, Paul Theobald, 1959; reprinted in

Modern Artists on Art: Ten Unabridged Essays, edited by Robert L.

Herbert. Englewood Cliffs (New Jersey), Prentice-Hall, Inc., 1964, p. 98.

44 Letter to Walter Pach, January 16, 1913, quoted in Raymond Duchamp-

Villon, 1876—1918, introduction by George Heard Hamilton, notes by

William C. Agee. New York, Walker and Company, 1967, p. 103.

45 Ibid., p. 23.

46 "La Tour Eiffel" (1913), published in Poeme et Drame (Paris), vol.

VII, January— March 1914, pp. 22—29; translated by John Savacool in

Raymond Duchamp-Villon, 1876—1918, p. 116.
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12, 1924; translated in exhibition catalogue, Robert and Sonia Delau-

nay. Ottawa. The National Gallery of Canada, 1965.
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Leon D. Harmon
American, born 1922 (artist)

Kenneth C. Knowlton
American, born 1931 (engineer)

(§)* Studies in Perception, I. 1968
Computer-processed photographic print, 30X60"

Computer graphics were created for utilitarian pur
poses. Among the uses are to study the field of view seen
from the pilot's seat in an airplane, or to analyze a flat
image in order to manipulate graphic data. The charac
teristics of the computer at the moment are strikingly
shown in "computer art."

The computer can act as an intelligent being: pro
cess information, obey intricate rules, manipulate sym
bols, and even learn by experience. But since it is not
capable of initiating concepts, it cannot be truly creative;
it has no access to imagination, intuition, and emotion.

The computer is only a tool which, at the moment, still
seems far removed from those polemic preoccupations
which concern art. However, even now seen with all the
prejudices of tradition and time, one cannot deny that
the computer demonstrates a radical extension in art
media and techniques. The possibilities inherent in the
computer as a creative tool will do little to change those
idioms of art which rely primarily on the dialogue be
tween the artist, his ideas, and the canvas. They will,
however, increase the scope of art and contribute to its
diversity. — Jasia Reichardt, 1968.164

Richard Fraenkel. American, born 1923 (artist)

Jeffrey Raskin. American, born 1945 (engineer)

(^ Picture-Frame. 1968
Ink drawing on paper embossed frame, 12V4XI4V2"

Studies in Perception, I was produced by scanning a
photograph with a machine similar to a TV camera and
converting the electrical signals into numerical repre
sentations on a tape. The computer analyzed the image
into levels of brightness, but instead of using randomly
sprinkled dots to produce values of light and dark, the
dots were organized into small patterns, visible at close
view but imperceptible at a greater distance.

Picture-Frame was made by computation analysis of
the relief molding of an old picture frame; the resultant
tape was then run through a pen-and-ink arrangement
on a computer to carry the design into the picture area.
As Fred Waldhauer of E.A.T. remarked, with reference to
the frame being preliminary to the picture: "This is
probably what the computer would do, if it could think."
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New Haven, Yale University Art Gallery,
Collection of the Societe Anonyme, Duchamp,
Rotary Glass Plate: 103; Malevich, Knife
Grinder: 69; Picabia, Prostitution universelle:

94; Ribemont-Dessaignes, Young Woman: 97

New York, "Armory Show" (1913), 75, 82, 87
— Metropolitan Museum of Art, Daumier,

Nadar Elevating Photography to the Heights

of Art: 41; Durer, School of, Triumphal
Procession of Maximilian I: 17; Morghen,

Bird Boat: 23; Morghen, Bishop John

Wilkins Taking Off for the Moon, 23;
Petitot, Masquerade Costumes: Two
Engravers: 19; Seymour, Locomotion:
27; Unknown British artist, Great Nassau

Balloon with Parachute: 25; Walton, W. L.,
Aerial Steam Carriage: 31. Alfred Stieglitz
Collection, Picabia, Fille nee sans mere:
82; Picabia, lei, c'est ici Stieglitz: 87

— Museum of Modern Art, Balla, Speeding
Automobile: 54; Bellmer, Machine-Gun-

neress in a State of Grace: 160; Calder,
Universe: 150; Cesar, Yellow Buick: 185; de
Chirico, Anxious Journey: 64; Epstein,
Rock Drill: 65; Ernst, Farewell My Beauti
ful Land of Marie Laurencin: 123; Ernst,
"Fiat Modes, Pereat Ars ": 120; Ernst, Little
Tear Gland That Says Tic Tac: 125; Ernst,
Trophy Hypertrophied: 123; Feininger, Odin
II: 73; Feininger, Old Locomotive {"Wind-
spiel"): 47; Grosz, Engineer Heartfield: 114;
Kienholz, Friendly Grey Computer: 190;

Klee, Twittering Machine: 127; Lartigue,

Grand Prix of the Automobile Club of
France, 1912: 53; L6ger, Propellers: 140;
Lissitzky, "Victory over the Sun":
Figurines: 128—131; Malevich, White on
White: 69; Man Ray, Rayograph: 99; Man
Ray, Untitled : 158; Moholy-Nagy, Nickel
Construction: 136; Muybridge, Kicking a
Hat: 38—39; Picabia, Mouvement Dada: 91;
Schlemmer, "Triadic Ballet," study: 135;

Takis, Tele-Sculpture: 194; Tinguely,
Homage to New York: inner covers;
Tinguely, Homage to New York, drawing:

168; Tinguely, Homage to New York,
remnant: 171; Tobey, Void Devouring the
Gadget Era: 163. Sidney and Harriet Janis
Collection, Oldenburg, Giant Soft Fan: 187

- New York Public Library, Astor, Lenox and
Tilden Foundations, Cruikshank, All the

World Going To See the Great Exhibition
of 1851: 29; Read, Drawing the Retorts at

the Great Gas Light Establishment, Brick
Lane: 28; Unknown artist, Victorin Making

His Flight: 24
— Solomon R. Guggenheim Museum,

Delaunay, Eiffel Tower {Tour Rouge): 72;

Picabia, Enfant Carbureteur; 95
Newark (N.J.), Newark Museum, Stella, New

York Interpreted, III: Skyscrapers: 67
Newcastle upon Tyne, University of Durham,

exhibition, "Man Machine & Motion," n. 13,

n. 27
Newhall, Beaumont, 40 & n. 17, n. 18, n. 19,

99 & n. 80
Nierendorf Galerie (Berlin), Grosz, "Daum"

marries her pedantic automaton "George"

in May 1920: 115

Oldenburg, Claes, 186-187; Airflow {Number

6), Soft Engine: 186 & n. 154; Airflow
Profile: 187; Giant Soft Fan: 187 & n. 156,
n. 157, n. 158; exhibition, Stockholm (1966):

n. 154, n. 154
Optics and optical devices, 35, 41, 103, 104, 105
Ostberg, Henrik, reconstruction of Tatlin's

tower: 107, 109
Ottawa, National Gallery of Canada, Leger,

Mechanic: 141; exhibition, Robert and Sonia

Delaunay (1965): n. 47

Ozenfant, Amedee, 12

Paik, Naum June, 197 & n. 161, n. 162;

McLuhan Caged: 197; + I Rondo Electro-

nique, 197 & n. 162
Pan, John W., 199

Parachutes, 16, 25
Paris, Academie Royale des Sciences, 9, 21
— Bibliotheque de I ' Institut de France,

Leonardo da Vinci, drawings for flying

apparatus; 15, 16
— Eiffel Tower, 72, 108
— International Exposition (1889), 72
— International Exposition of Modern De

corative and Industrial Arts (1925), 109
— Magasins du Louvre, competition (1895), 46

— Musee du Conservatoire National des Arts
et Metiers, Cugnot, Steam Locomotive: 26;
Vaucanson, Duck: 20

— Porte Maillot, Lefebvre, Monument to
Emile Levassor: 44

Parkinson, Robin, Toy-Pet Plexi-Ball: 205
Paxton, Joseph, Crystal Palace: 29
Peeters, Dr. Hubert, collection of, Oldenburg,

Airflow (Number 6), Soft Engine: 186

Petitot, Ennemond Alexandre, 18—19, 190;
Masquerade Costumes: 18, 19

Philadelphia, Philadelphia Museum of Art,
Schamberg, God: 101. Louise and Walter
Arensberg Collection, Duchamp, Bride: 76;
Duchamp, Chocolate Grinder, No. 2; 78;
Duchamp, Nude Descending a Staircase,
No. 1: 75; Duchamp, Nude Descending a
Staircase, No. 3: 75; Duchamp, Precision

Optics, sketch: 105

Philo of Byzantium, 7
Photograms, 99, 139
Photography, 36, 38-39, 40-41, 53, 99, 139,

158, 207. See also Cameras; Films; Photo-
grams; Photomontage; Rayographs

Photomontage, 111, 113, 115, 117, 124
Picabia, Francis, 11-12, 77, 78, 80, 82-96, 97,

98, 99, 100, 117, 127; American Girl: 117 & n.
101; Cannibalism: 85 & n. 62; Enfant Carbu-
rateur: 95; Fiddle: 92, 93; Fille nee sans mere
(drawing): 82; Fille nee sans mere (gouache):
83, 93; Ici, c'est ici Stieglitz: 87, 88, 93;
lies Marquises: 94; Mouvement Dada: 91;
Novia: 93; Parade amoureuse; 89; Portrait
de Marie Laurencin : 88; Prenez garde a la

peinture: 86; Prostitution universelle: 94;

" Relache ": 96 (stage model) & n. 74; Reveil
matin: 90; Tableau peint pour raconter

non pour prouver: 85 & n. 62, 93; Ticke'.s: 93
& n. 72; Voild la iemme: 84; Yeux chauds;

94 & n. 73; "Entr'acte" : 96; "Fille nee

sans mere" (poems and drawings): 83, 90,
93; collection of (formerly), Duchamp,

Bride: 78, 82
Picasso, Pablo, 11, 102, 106, 107, 152
Polhem, Kristofer, 22; Letters from Mechanical

Alphabet: 22
Pop art and artists, 13, 154, 184

Popova, Liubov, 132; "Magnificent Cuckold,"

stage model: 132
Poppe, S. and G., collection of, Hoch, Pretty

Girl: 117
Post-Impressionism and Post-Impressionists,

41, 54
Princeton, (N.J.), Princeton University Library,

Harold Fowler McCormick Collection of
Aeronautica, Unknown British artist, Flight
of Intellect: 33

Productivists, 69, 109
Punin, Nikolay, 107

Purism and Purists, 12

Raskin, Jeffrey, Picture-Frame: 207
Rauschenberg, Robert, 168, 170, 176, 188, 189;

Oracle: 189; Pantomime: 188

Rayographs, 99, 139
Read, W., Drawing the Retorts at the Great

Gas Light Establishment, Brick Lane: 28
Readymades, 97, 101, 102

Reichardt, Jasia, 207 & n. 161
Reichsteiner, Johann-Bartholome, 21, n. 5

"Relache," 96
Renaissance art and artists, 8, 10, 41, 78, 108,

163
Renaissance science and technology, 8
Restif de la Bretonne, 24
Reutersward, Carl Fredrik, collection of,

Picabia, Tableau peint pour raconter non
pour prouver: 85

Reynaud, Emile, 38
Ribemont-Dessaignes, Georges, 11, 97 & n. 75,

n. 76; Young Woman: 97
Rimbaud, Arthur, Dormeur du val: 146 & n. 127

Robots. See Automata
Rochester (N.Y.), George Eastman House,

Lumiere Brothers, Cinematographe: 37;
Maurisset, Daguerreotype Craze: 40; Muy
bridge, Zoopraxiscope, reconstruction: 39

Rockefeller, Nelson A., collection of, Boc-

cioni, States of Mind: 60—62
Roman science and technology, 7
Rosen, William G., 199
Rosenquist, James, I Love You with My Ford:

184
Roussel, Raymond, 11, 80, 82
Rubin, William S., 85 & n. 63, n. 142, n. 143

Sail-powered wagons, 23, 30

Sails and sailing vessels, 7, 30, 73

Satie, Eric, 96
Schamberg, Morton Livingston, 99—100; God:

101; Untitled: 100
Schapiro, Maurice L., n. 103
Schlemmer, Oskar, 135 & n. 108, n. 109;

"Triadic Ballet," study: 135
Schwartz, Lillian, Proxima Centauri: 204
Schwarz, Galleria (Milan), Ernst, Roaring of

Ferocious Soldiers: 122
Schwitters, Ernst, collection of, Schwi'.ters,

" Merzpostkarte 116
Schwitters, Kurt, 12, 116 & n. 99, 117, 118—

119; Haus Merz: 116; Kultpumpe: 116; Lust-

galgen: 116; Untitled {H. Bahlsens Keks-
Fabrik A.G.): 119; Untitled {With Machine

Parts): 118
Seligmann, Kurt, 80 & n. 55
Selmersheim, Pierre, maquette of car: 46
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Fox, Robert A., Muybridge, reconstruction: 39
Fraenkel, Richard, Picture-Frame: 207
Frankenstein, 10, 13

Fuller, R. Buckminster, 143, 181; domes: 169,
187; Dymaxion car: 143, 181

Futurism and Futurists, 11, 12, 36, 54-63, 64,

66, 67, 68, 70, 106, 141; Russian Futurists, 68,
133; exhibition, Paris, Bernheim-Jeune
(1912), 61, 67; "First Futurist Exhibition of
Plastic Art of the War," Paris, Boutet de
Monvel (1916), 63; "Foundation and Manifesto
of Futurism" (1909): 54, 57-59 & n. 28, 63, 68;
"Technical Manifesto of Futurist Painting"
(1910): 54; "Technical Manifesto of Futurist
Sculpture" (1914): 106

Gabo, Naum, 106; "constructed heads": 106,
187; Kinetic Sculpture: Standing Wave: 106
& n. 91, 201, 206; reconstruction, 106;

"Realistic Manifesto": n. 91, 137
Gauthier, Maximilien. See Goth, Max

Gelman, Woodrow, collection of, McCay:
Little Nemo in Slumberland: 51

Giacometti, Alberto, Captured Hand: 127, 159
& n. 140

Gibbs-Smith, Charles H., 16 & n. 1
Giedion, Siegfried, 6, 10, 29 & n. 12, 36 & n. 14
Goldberg, Rube (Reuben Lucius Goldberg),

154—156 & n. 136, n. 137; Be Your Own
Dentist: 754; Professor Butts, 754; Professor
Butts' Brain: 755; Professor Butts Training

for the Olympic Games: 755; Simple Reduc
ing Machine: 756; Simple Way for a Fighter
to Keep from Getting Knocked Out: 755;
Sure Cure for Nagging Wife: 156

Golder, Michael D., 199

Goncharova, Natalia, 68; Clock: 68
Goth, Max, 86 & n. 65

Gowing, Lawrence, 34 & n. 13

Granatelli, Anthony, STP—Lotus Turbocar: 787
Gravelot, Hubert Franpois, Vaucanson's

Automata: 20, n. 4
"Great Nassau Balloon": 25

Greek science and technology, 6—7, 10
Grosz, George, 12, 112, 114, 115 ,160; Dada-

merica, n. 98: "Daum" marries her pedantic
automaton "George": 775; Engineer
Heartfield: 114; photograph of, 772

Haacke, Hans, Ice Stick: 195

Hacquet, M., 30
Hall, Charles D., sets for Modern Times: 157

Hamilton, Mr. and Mrs. George Heard,
collection of, Matta, Bachelors Twenty
Years After: 162

Hamilton, Richard, 34 & n. 13
Harmon, Leon D., Studies in Perception, I: 207

Harris, Cyril M., 199
Harris, Hilary, Arm: 203
Hausmann, Raoul, 110, 111 & n. 96, n. 97,

115, 117, 124; Spirit of Our Time: 111, 115;
Tatlin at Home: 110, 111; exhibition, Stock

holm (1967), n. 96, n. 97
Heartfield, John, 12, 112, 114, 115, 160; photo

graph of, 772
Hellenistic science and technology, 7

Henson, William Samuel, 31
Hero of Alexandria, 7
Hirshhorn, Joseph H., Collection, Calder,

Crank-Driven Mobile: 149
Hoch, Hannah, 117 & n. 100; Pretty Girl: 117

Hodges, Harold, 168
Holm, Arne, reconstruction of Tatlin's tower:

107, 109
Homer, Winslow, Rocket Ship: 32—33
Houston, Museum of the Fine Arts, Olden

burg, Giant Soft Fan (ghost version): n. 158

Hulten, K. G. P., Duchamp, Rotary Glass

Plate, replica: 103
Hunt, Ronald, 92 & n. 70, 108 & n. 93, 109,

132 & n. 106

Impressionism and Impressionists, 11, 40, 41,
68

Industrial Revolution, 6, 9-10, 27

International Business Machines Corporation,
models of Leonardo's flying machines: 16

Jacquet-Droz, Pierre, 20, 21, 192; Young
Writer: 20, 27

Janis, Sidney and Harriet, 74 & n. 49. See
also New York, Museum of Modern Art,
Sidney and Harriet Janis Collection

Janis Gallery, Sidney (New York), exhibition,
Claes Oldenburg (1967): n. 156, n. 157, n. 158

Janlet, P., collection of, Klapheck, Ideal
Husband: 191

Jarry, Alfred, 11, 80
Jung, C. G., 80 & n. 56
Junk art, 169, 172, 176-177

Kemeny, Alfred, 137 & n. 111
Ketterer, Roman Norbert (Campione d'ltalia),

Feininger, Odin I: 73
Kienholz, Edward, 183, 190; Back Seat Dodge-

'38: 183, 184, 190; Friendly Grey Computcr:190
Kiesler, Friedrich, sets for R.U.R.: 134 & n. 107
Kinsel, Tracy S., ELLI: 206
Klapheck, Konrad, Ideal Husband: 191; "Die

Maschine und Ich," 191 & n. 159, n. 160
Klee, Paul, 116, 127; Twittering Machine:

127 & n. 103
Klein, Yves, 172 & n. 150
Kleiner Foundation, collection of, Kienholz,

Back-Seat Dodge —'38: 183
Klingender, Francis D., 9-10
Kluver, Billy, "Garden Party": 168-171. See

also Rauschenberg, Oracle-, Tinguely,
Homage to New York

Knowlton, Kenneth C., Studies in Perception,
I : 207

Kramer, Harry, collection of, Tinguely,
Meta-matic: 165

Krefeld, Kaiser Wilhelm Museum, Munari,
Mobile: 164

La Mettrie, Julien, 9, 20, 21, 161
Lartigue, Jacques Henri, 53; Grand Prix of

the Automobile Club of France, 1912: 53

Lasers, 206
Laurencin, Marie, 88, 123
Lawrence, D. H., 186—187 & n. 155
Lebel, Robert, n. 53; collection of, Picabia,

Voila la Fern me: 84
Le Corbusier (Pierre Jeanneret): 12, 160
Lefebvre, Camille, Monument to Emile Levas-

sor: 44

Leger, Fernand, 11, 12, 69, 134, 140 & n. 118,
n. 120, n. 121, 141 & n. 122, 160; Ballet
MGcanique: 140 & n. 118, n. 120; Mechanic:

141; Propellers : 140
Legg, Stuart, 49 & n. 24

Leibniz, Gottfried Wilhelm, 8
Leonardo da Vinci, 8, 15—16, 24; drawings

for flying apparatus: 75, 16

Levassor, Emile, 44, 181
Levy, Julien, collection of, Brauner,

Mechanical Fiancde: 161
Lewis, Wyndham, 66 & n. 37, n. 39, n. 40;

Crowd (Revolution ): 66
Linde, UIf, 77, 79 & n. 53; reconstruction of

Tatlin's tower: 107, 109; Duchamp, Bicycle
Wheel, replica: 102; Duchamp, Large Glass,
replica: 80, 87

Lissim, Mr. and Mrs. Simon, collection of,

Exter: " Aelita ," costume design: 134; "Scene
plastique et gymnastique," construction: 134

Lissitzky, El, 12, 109, 113, 128-131 & n. 104,
n. 105, 132, 136; Tatlin Working on the
Monument for the Third International: 113;
"Victory over the Sun": Figurines: 128—131

Locomotion and locomotives, 17, 26, 27, 34,
47, 48-49 & n. 24, 50, 61, 62, 64

London, Great Exhibition (1851) 29, 49

— Institute of Contemporary Art, exhibition,
"Cybernetic Serendipidity" (1968), n. 164

— Science Museum, photograph of Boydell's
traction engine: 34; von Stampfer,

Stroboscopic Disc, No. 3: 35
— Tate Gallery, Gabo, Kinetic Sculpture

(Standing Wave): 106; Lewis, Crowd
(Revolution ): 66; exhibition, "Wyndham
Lewis and Vorticism," 66 & n. 38

Los Angeles, Los Angeles County Museum of
Art. See Kienholz, Back-Seat Dodge —'38

Lumiere, Auguste and Louis, 37, 43; Arrival of
a Train: 37; Cinematographs: 37

Lurie, Alison, 183 & n. 151

Macaulay, James, Arm: 202, 203
Machine aesthetics, 12, 141 & n. 122; 160
Machine-eroticism, 11, 12, 77, 80, 82, 84, 85,

89, 92, 95, 117, 158, 160, 161, 178
"Machine-heart," 109, 114
Machine people and animals, 18. 19, 190.

See also Automata
Machines, art-making. See Tinguely, Meta-

matics

Machines, self-destroying, 166, 168-171

Mackenzie, Colin, 28
Magritte, Rene, 182; Anger of the Gods: 182
Malbin, Mrs. Barnett, collection of, Balla,

Study for Materiality of Lights + Speed: 56;
Picabia, Portrait de Marie Laurencin: 88;
Picabia, Reveil Matin: 90

Malevich, Kasimir, 69 & n. 43, 108, 109, 128,
131; Knife Grinder: 69; Square on Square:
108; White on White: 69

Man Ray, 11, 90, 98 & n. 77, n. 78 , 99 & n. 79,
n. 85, 103 & n. 87, 105 & n. 89, 139, 153 &
n. 135, 158; Breeding of Dust: 200 & n. 163;
Dancer/Danger (Impossibility ): 98 & n. 77;
Indestructible Object: 153 & n. 135; Object
To Be Destroyed: 153 & n. 135; Rayograph:

99; Untitled: 758; collection of, Duchamp,

stereoscopic film: 705
Marey, Etienne-Jules, 36; camera gun, 36
Marinetti, Filippo Tommaso, 11, 54, 63, 66,

109, 114; "Futurist Manifesto" (1909): 54,

57-59, 68
Marlborough-Gerson Gallery, Inc. (New York),

Schwitters, Untitled (With Machine Part): 118
Martel, Ralph, 199; Heart Beats Dust: 200
Martin, Eric, Toy-Pet Plexi-Ball: 205
Martins, Maria, collection of, Duchamp,

Coffee Grinder: 74

Marx, Karl, 10
Matta, 162 & n. 142, 163; Bachelors Twenty

Years After: 162

Maurisset, Theodore, Daguerreotype Craze: 40
McCay, Winsor, Little Nemo in Slumberland:51

McHale, John, 13
McLuhan, Marshall, 108, 197
Mechanistic theory of man, 9, 18, 20—21, 192.

See also La Mettrie
Medieval science and technology, 7—8
Meiies, Georges, 37 & n. 15, 43; Impossible

Voyage: 43
Menil, D. and J. de, collection of, Ernst,

Untitled: 124
Mercury as Virgin and Arbor Philosophica: 80

"Meta-mechanics," 115 & n. 98, 165

Meyerhold, Vsevolod, 132
Milan, Biblioteca Ambrosiana, Leonardo da

Vinci, drawings for flying apparatus: 15, 76

Mines and mining, 7, 22, 49, 125
Minotaure, photograph from: 746
Moholy-Nagy, Laszlo, 12, 99, 136 & n. 110,

137 & n. 111, n. 112; 138-139 & n. 114;
Kinetic Constructive System: 137; Light
Display: 139; Light-Space Modulator: 138-
139; Nickel Construction: 136; set for

"Things To Come": 139; photograms, 99 &
n. 80, 139 & n. 113; photographic exhibition

(1923), 139 & n. 113
Moholy-Nagy, Sibyl, 139 & n. 113, n. 115
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Schedule of the exhibition

The Museum of Modern Art, New York
November 25, 1968 — February 9, 1969

University of St. Thomas, Houston
March 25 — May 18, 1969

San Francisco Museum of Art
June 23 — August 24, 1969
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Severini, Gino, 54, 62, 63 & n. 32, 67; Armored
Train: 63; War: 63

Seymour, Robert, Locomotion: 27, 32

Shannon, Claude, "Little Black Box": 171, 180
Shannon, John Kingsley, collection of,

Shannon, Squat: 193

Shannon, Thomas, Squat: 192, 193

"Shortshanks." See Seymour, Robert

Sisler, Mrs. William, collection of, Duchamp,
Rotary Demisphere (Precision Optics ): 104

Slifka, Mr. and Mrs. Joseph, collection of,

Balla, Speed of an Automobile: 54; Severini
War: 63

Soby, James Thrall, 64 & n. 33, n. 34
Societe Anonyme, 98, n. 50, n. 68, n. 76.

Collection, see New Haven, Yale University
Art Gallery, Collection of the Societe
Anonyme

Solidonius, 79

Spencer, photograph of Boydell traction
engine: 34

Stampfer, Simon Ritter von, Stroboscopic
disc, No. 3: 35, 38

Stanford, Leland, 38-39 & n. 16
Stankiewicz, Richard, Apple: 176-177

Steam power, 7, 9, 26, 27, 31, 32, 34, 49, n. 24
Steam Typesetter: 27

Steamships, 73

Stella, Joseph, New York Interpreted, III:
Skyscrapers: 67

Stieglitz, Alfred, 83, 86, 87; 291 (gallery), 83,
87; 291 (review), 83, 85 & n. 64, 86, 87. See
also New York, Metropolitan Museum of
Art, Alfred Stieglitz Collection

Stockholm, Dansmuseet, Picabia, "Relache,"
stage model: 96

— Moderna Museet, Balla, Speed of an
Automobile + Light: 59; Breer, Rug: 192;
Calder, Pantograph: 152; Calder, White
Frame: 151; Duchamp, Bicycle Wheel,

replica: 102; Duchamp, Bride Stripped Bare
by Her Bachelors, Even, replica: 81;

Duchamp, Rotary Glass Plate, replica:
103; Ernst, Glacial Landscapes: 126;
Hausmann, Tatlin at Home: 110; Picabia,

Prenez garde a la peinture: 86; Rosenquist,
I Love You with My Ford: 184; reconstruc
tion of Tatlin's model for Monument for
the Third International: 107, 109; Tinguely,

Meta-matic No. 8: 166; Tinguely, Meta-
matic No. 17: 167; Ultvedt, . . . life: 178;
Watts, Pony Express: 179; exhibition,
"Raoul Hausmann" (1967), n. 96, n. 97;

exhibition, "Claes Oldenburg" (1966), n.
153, n. 154; exhibition, "Rorelse i Konsten"
("Motion in Art"; 1961), 177, n. 95;

exhibition, "Vladimir Tatlin" (1968), n. 92,
n. 124, n. 125, n. 126

— Tekniska Museet, Polhem, Letters from
Mechanical Alphabet: 22

Stroboscope, 35, 38

Suprematism and Suprematists, 69 & n. 43

Surrealism and Surrealists, 12, 18, 97, 125,
126, 127, 147, 152, 153, 158, 160, 162, 182;
"Surrealist Manifesto," 12, 125; "Prolego

mena to a Third Surrealist Manifesto," 162;
exhibition, Galerie Pierre Colle, Paris
(1933), n. 135; exhibition, "First Papers of
Surrealism," New York (1942), n. 142

Sylvester, David, 45 & n. 20

Szarkowski, John, 53 & n. 26

Tairov, Aleksandr, 133, 134
Takis (Takis Vassilakis), Tele-Sculpture: 194
Tatlin, Vladimir, 12, 13, 24, 69, 107-109, 110,

111, 112, 113, 114, 132, 133, 136, 144-145;
Letatlin: 12, 144—145; drawing: 145;
Monument for the Third International: 12,

107-109, 111, 112, 113, 136, 145; drawing:
107; model: 107, 108, 109; reconstruction of

model: 107, 108, 109; article, Merz (Hanover),

108 & n. 94; "Art out into Technology,"

144—145 & n. 125; interview with Zelensky,
145 & n. 126; exhibition, Stockholm (1968),
108 & n. 92, n. 124, n. 125, n. 126

Television, 197

Theatre and theatre design, 7, 12, 96, 109, 116,
128-131, 132, 133, 134, 135, 138-139. See
also Films

Tinguely, Jean, 13, 115, 165-174 & n. 148,
176—177; Homage to New York: inner
covers, 2, 168—171; preliminary drawing:
168; remnant: 171; Madame Lacasse's Shoe:
172; Meta-matic: 165; Meta-matic No. 8:
166; Meta-matic No. 17: 167; Meta-matic No.
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