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In an autobiographical sketch Einstein re-
called two incidents from his childhood that
filled him with wonder about the physical
world. When he was five years old his fa-
ther showed him a compass. The way the
needle always pointed in one direction sug-
gested that there was “something deeply
hidden” in nature. Then at twelve he dis-
covered a book on Euclidean geometry with
propositions which seemed to be about a
universal and homogeneous space.! These
early memories embodied two opposing
views about the nature of space. The
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traditional view was that there was one and only one space that was
continuous and uniform with properties described by Euclid’s
axioms and postulates. Newton defined this “absolute space” as at
rest, “always similar and immutable,” but the action of the compass
suggested that space might be mutable, with orientations that varied
according to its contents. The quivering needle pointed to the north
pole and to a revolution in physics.

New ideas about the nature of space in this period challenged the
popular notion that it was homogeneous and argued for its heteroge-
neity. Biologists explored the space perceptions of different animals,
and sociologists, the spatial organizations of different cultures. Art-
ists dismantled the uniform perspectival space that had governed
painting since the Renaissance and reconstructed objects as seen
from several perspectives. Novelists used multiple perspectives with
the versatility of the new cinema. Nietzsche and José Ortega y Gasset
developed a philosophy of “perspectivism” which implied that there
are as many different spaces as there are points of view. The most
serious challenge to conventional space came from physical science
itself, with the development in the early nineteenth century of non-
Euclidean geometries.

Geometry is the branch of mathematics most directly concerned
with the nature of space and with the properties of points, lines,
planes, and objects in it. Euclid stated without proof certain axioms
and postulates that seemed self-evident and from them derived other
theorems by deductive logic. His geometry was of two and three di-
mensions, and for over two millennia it was considered to be the
only true geometry of real space. Kant assumed that its propositions
were necessarily true and about the world, hence synthetic judg-
ments a priori. At the beginning of the nineteenth century it lay at the
heart of classical physics and Kantian epistemology. But in the
course of that century other geometries challenged the idea that Eu-
clid’s was the only valid one. Crucial to it was the Fifth Postulate:
that through a point in a plane it is possible to draw only one straight
line parallel to a given straight line in the same plane. The non-
Euclidean geometries replaced the postulate with others and modi-
fied the rest accordingly. Around 1830 the Russian mathematician
Nicholai Lobatchewsky announced a two-dimensional geometry in
which an infinite number of lines could be drawn through any point
parallel to another line in the same plane. In his geometry the sum of
the angles of a triangle is less than 180 degrees. In 1854 the German
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mathematician Bernhard Riemann devised another two-dimensional
geometry in which all triangles had angle sums greater than 180 de-
grees. Riemann'’s space was elliptical; that of Lobatchewsky was hy-
perbolic. These alternative surface spaces contrasted with the flat
planar surface of Euclid’s two-dimensional geometry in which the
angle sum of a triangle is exactly 180 degrees. By the end of the cen-
tury other mathematicians had developed geometries for all kinds of
spaces—a doughnut, the inside of a tunnel, even a space like a vene-
tian blind.?

The parallel postulate was a weak point in Euclid. As early as 1621
Sir Henry Savile identified it as a blemish in the system, and to many
mathematicians thereafter it did not seem sufficiently self-evident to
warrant acceptance without proof, It is therefore ironic that
Lawrence Beesley, in his account of the sinking of the Titanic, re-
ferred to the law of parallels as if it were a symbol of order in the
natural world. From a lifeboat he described the beauty of the ship at
night, marred by the “awful angle” made by the level of the sea with
the rows of porthole lights. ““There was nothing else to indicate she
was injured; nothing but this apparent violation of simple geometri-
cal law—that parallel lines should ‘never meet if produced ever so
far both ways.” "?

If the spaces of non-Euclidean geometry were not bewildering
enough, there were other new spaces that could not be accounted for
by any geometry. In 1901 Henri Poincaré identified visual, tactile,
and motor spaces, each defined by different parts of the sensory ap-
paratus. While geometrical space is three-dimensional, homogene-
ous, and infinite, visual space is two-dimensional, heterogeneous,
and limited to the visual field. Objects in geometrical space can be
moved without deformation, but objects in visual space seem to ex-
pand and contract in size when moved different distances from the
viewer. Motor space varies according to whatever muscle is regis-
tering it and hence has “as many dimensions as we have muscles.”*
In a similar manner Mach defined visual, auditory, and tactile spaces
that varied according to the sensitivity and reaction times of different
parts of the sensory system. These spaces constituted the physiologi-
cal foundation for the “natural” development of geometrical space.
Symmetry has a bodily source, and the positive and negative coordi-
nates of Cartesian geometry derive from the right and left orienta-
tion of our body. Our notion of surface comes from the experience
of our own skin. “The space of the skin,” Mach wrote, ““is the analog
of a two-dimensional, finite, unbounded and closed Riemannian
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space.” Terms for basic units of measurement such as “foot” and
“pace” reveal anatomical origins, and thus “notions of space are
rooted in our physiological organism.””

Speculation that there are two- and three-dimensional spaces
other than the one described by Euclid and that our experience of
space is subjective and a function of our unique physiology was dis-
turbing to the popular mind. Perhaps the most famous critic of these
notions was V. 1. Lenin, who, in Materialism and Empirio-Criticism of
1908, cried ““enough” to the proliferation of spaces, to the “Kantian”
notion that space is a form of understanding and not an objective re-
ality, and to “reactionary” philosophies such as those of Mach and
Poincaré. Like a man trying to hold down a tent in a wind, Lenin
raced about defending the objective, material world in absolute
space and time that he believed to be the foundation of Marxism and
which, he feared, was threatened by recent developments in mathe-
matics and physics. It is an embarrassing performance by a man
straining in a field beyond his expertise, but it gives a sense of the
concrete implications and political overtones of this seemingly ab-
stract thought.

Lenin began the chapter on “’Space and Time” with a statement of
the materialist position: there is an objective reality in which matter
moves in space and time independently of the human mind. This is
in contrast with the Kantian view that time and space are not objec-
tive realities but forms of understanding. He conceded that human
conceptions of space and time are “relative,” but this relativity
moves toward the “absolute truth” of objective reality. Mach’s state-
ment that space and time are “systems of series of sensations” was
“palpable idealist nonsense.” He labeled “absurd” Mach’s specula-
tion that physicists might seek an explanation for electricity in a
space which is not three-dimensional, and he reaffirmed the ortho-
dox position: “Science does not doubt that the substance it is inves-
tigating exists in three-dimensional space.” He tossed off Poincaré’s
famous anticipation of the relativity of time and space and then criti-
cized that “scrupulous foe of materialism” Karl Pearson, who had
written that time and space are “modes under which we perceive
things apart.” The kind of thinking that denies the objective reality
of time and space is “rotten” and “hypocritical.”

Lenin engaged in this polemic because he believed that the repu-
tation and political effectiveness of the Bolshevik party were at stake.
When an article appeared in Die Neue Zeit (1907) about certain Bol-
sheviks who had embraced a Machist philosophy and compromised
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orthodox Marxism, Lenin decided to attack publicly to define the
Bolshevik position and show that Machism was simply an aberration
of certain individuals in his party, one manifestation of a general
disease of doubting material reality that was infecting modern so-
ciety as a whole and that could break out in any political party.” In
the concluding paragraphs Lenin singled out the prominent Bolshe-
vik philosopher A. Bogdanov, who had argued for the social relativ-
ity of all categories of experience in Empirio-monism (1904-1906).
Bogdanov had written that time, like space, is "“a form of social co-
ordination of the experiences of different people.” Such relativistic
idealism undermined materialism and the belief that there is one and
only one real framework of time and space in which the events of all
cultures take place. According to Bogdanov, Lenin charged, ““various
forms of space and time adapt themselves to man’s experience and
his perceptive faculty.”® This formulation contradicted Lenin’s mate-
rialism in two respects. The reference to a plurality of spaces chal-
lenged the universality of a single space, and the suggestion that
these various forms of space and time “adapt” to man’s experience
identified Bogdanov with the genetic epistemology of both Mach and
Poincaré.

While Lenin was combating the social relativism of Bogdanov, a
far more important theory of relativity was being developed by Ein-
stein. Efforts by physicists to fit the negative findings of the Michel-
son-Morley experiment into the body of classical physics were like
those of a squirrel trying to bury a nut in a tile floor. Lorentz hy-
pothesized a dilation of time for the beam of light traveling in the di-
rection of the “ether current” just enough to reconcile the experi-
ment with absolute time. George Fitzgerald suggested a similar
compromise to hold on to absolute space. He hypothesized that the
arms of the apparatus in the experiment actually contracted in length
in the direction of the ether flow just enough to compensate for the
longer time that the light should take to travel with and against the
current as compared with the beam of light that traversed the same
distance across and back. Einstein scrapped the Fitzgerald contrac-
tion together with the Lorentz dilation and proposed relativity in-
stead. In the special theory of 1905 space was redefined as a quasi-
perspectival distortion. The contraction was not a real change in the
molecular construction of the apparatus but a distortion created by
the act of observing from a moving reference system. This perspec-
tival effect differed from ordinary perspective because it was not due
to optics and would occur no matter how far the object observed in
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motion was from the observer. The relative velocity of the object and
viewer was the crucial factor, not the distance between them. With
Einstein’s explanation no absolute meaning could be given to the
concept of the actual length of the apparatus or of the space it occu-
pies. Length is not in anything; it is a consequence of the act of meas-
uring. Thus absolute space has no meaning. In 1916 Einstein ex-
plained: “We entirely shun the vague word ‘space,” of which, we
must honestly acknowledge, we cannot form the slightest conception
and we replace it by ‘motion relative to a practically rigid body of
reference.” " With the general theory of relativity the number of
spaces increased beyond calculation to equal the number of moving
reference systems of all the gravitational fields generated by all of
the matter in the universe. In 1920 Einstein summed up boldly:
“there is an infinite number of spaces, which are in motion with re-
spect to each other.”'® Fortunately Lenin was too busy making a rey-
olution to take notice,

While physical scientists were trying to come to terms with the
heterogeneity of abstract space, natural scientists began to investi-
gate the relation between the structure of living organisms and their
spatial orientation. In 1901 the Russian physiologist Elie de Cyon
published an article on the “natural” foundation of Euclidean geom-
etry based on results of experiments that he had been conducting for
over twenty years on the physiological origins of experiencing
space.'’ His hypothesis was that the sense of space is rooted in the
semicircular canals of the ear. Animals with two canals experience
only two dimensions and those with one canal are oriented in one.
Humans experience three dimensions because they have three canals
set in perpendicular planes, and three-dimensional Euclidean space
corresponds to thé physiological space determined by the orienta-
tion of these canals. From these experiments Cyon concluded that
the sense of space is not inherent and that Kant's theory that it isan «
priori category of the mind was wrong. Only the semicircular canals
are inherent, and our sense of space derives from them and remains
dependent upon them. The boldness of these claims, particularly the
attack on Kant, triggered a good deal of scholarly criticism,"* but
Cyon was undaunted and continued to extend his theory. In 1908 he
argued that the sense of time also was dependent upon the semicir-
cular canals.” The following year his results were incorporated into
a classic of theoretical biology, Jacob von Uexkiill’'s Umwelt und In-
nenwelt der Tiere.

Uexkiill asks the biologist to set aside everything that he takes for
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anted in his own world—nature, earth, heavens, objects in

ace—and focus on only that part of the environment that a partic-

r organism can actually experience. Although all animals live in

same environment, they have their own surrounding world (Um-
welt). Each species responds to the outer world in its own way, and
that response creates its special inner world (Innenwelt). The lower
animals react to stimuli directly, and only higher animals with some
organ of sight develop a proper sense of space. Their brains recog-
nize the surrounding world not merely by direct contact but are also
able to mirror objects and spatial relations in the environment. This
mirror world or counterworld (Gegenwelt) differs with each type of
nervous and muscular system. Thus the inner worlds, surrounding
worlds, and counterworlds vary with the “building plans” of each
animal and constitute different senses of space.

Uexkiill modified and extended Cyon'’s theory to the entire ani-
mal kingdom and concluded that the sense of space of all animals,
however rudimentary, varied with their unique physiology. Each
had special dimensions, even the space sense of one-celled animals.
The amoeba’s space was a limited one, but he reconstructed it in
great detail and characterized it as a “most lively work of art.” His
appreciation of the creative force generated by the needs and struc-
tural patterns of animals led him to a critique of Darwin’s theory of
natural selection. “It is not true, as people are accustomed to think,
that nature compels the animal to adapt, but on the contrary, the ani-
mal forms its nature according to its special needs.”'* Among the
throng of worlds and living spaces, he speculated, there may also be
higher worlds of greater dimensions that we are unable to see, as the
amoeba is unable to see the stars in our sky.

This reminder that there are complete worlds with distinctive
spatial orientations scattered all along the phylogenetic scale chal-
lenged the egocentrism of man. Another challenge came from social
scientists. Adventurers and scholars had long sailed about the earth
and dug into its crust to find out about other societies, but they al-
ways reconstructed them in the uniform space of the modern West-
ern world, never imagining that space itself might vary from one so-
ciety to another as much as did kinship patterns and puberty rites.
Durkheim’s arguments for the social relativity of space and its heter-
ogeneity were part of his general theory of the social origin of basic
categories of experience.'® In Primitive Classification he challenged the
theory, attributed to Sir James Frazer, that social relations are based
on logical relations inherent in human understanding. He argued the
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opposite—that logical categories derive from social categories, space
being one of them. To illustrate he described the Zuiii Indians who
divided space into seven regions—north, south, east, west, zenith,
nadir, and center—which derived from social experience and in
which all objects belonged. The wind and air belonged to the north,
water and spring to the west, fire and summer to the south, earth and
frost to the east. Different birds and plants belonged to specific re-
gions as did the energies of life. The north was the region of the peli-
can and crane, the evergreen oak, force and destruction. He con-
cluded that their space was “nothing else than the site of the tribe,
only indefinitely extended beyond its real limits.”'® Space is hetero-
geneous in two senses: it varies from society to society, and within
societies such as the Zuni it has different properties in different re-
gions. ;

In The Elementary Forms of the Religious Life Durkheim elaborated on
the heterogeneous nature of space, again as part of a general theory
of the social origins of the categories of thought. If space were abso-
lutely homogeneous, he argued, it would be useless to coordinate the
varied data of sensuous experience. To identify things in space it
must be possible to place them differently—to put them above and
below, right and left—and so in every society space is heterogene-
ous. But there is a collective sense of these unique spaces, shared by
all member of a society, hence they must have a social origin; and
there is evidence that these spatial classifications are structurally
similar to social forms: “There are societies in Australia and North
America where space is conceived in the form of an immense circle,
because the camp has a circular form; and this spatial circle is di-
vided up exactly like the tribal circle, and is in its image. There are as
many regions distinguished as there are clans in the tribe, and it is
the place occupied by the clans inside the encampment which has
determined the orientation of these regions.”'” Durkheim believed
that there was a multitude of such spaces about the surface of the
globe, differing from each other like patterns of Oriental rugs."® In
Germany another social scientist unearthed a plurality of spaces
buried in time.

Spengler believed that different cultures had a unique sense of
space (as well as time) manifested in a symbolism that embraced
every aspect of life. This sense of space or extension is the “prime
symbol” of a culture, inherent in political institutions, religious
myths, ethical ideals, principles of science, and the forms of painting,
music, and sculpture. But it is never conceptualized directly, and it is
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necessary to interpret many aspects of a culture to grasp its particu-
lar notion of extension. The infinitely extended space of the modern
“Faustian” era is but one of several in which the great cultures of
history have been staged.

The Egyptians conceived of space as a narrow path down which
the individual soul moves to arrive at the end before ancestral
judges. Their most distinctive constructions are not buildings but
paths enclosed by masonry. Reliefs and paintings are done in rows
and lead the beholder in a definite direction. In Chinese culture
space is also a path that wanders through the world; but the individ-
ual is led to his ancestral tomb by nature, by “devious ways through
doors, over bridges, round hills and walls,” not by rows of stones
like the Egyptians. Greek space was dominated by a sense of near-
ness and limit. The universe was a cosmos, a “well-ordered aggre-
gate of near and completely viewable things” covered by the corpo-
real vault of heaven. Its government was a clearly circumscribed
city-state; its temples, finite structures formed about a center, en-
closed by a colonnade. Classical art had “closed” figures with
sharply bounded surfaces, and the predominance of the body
brought the eye from the distant to the “near and still.” Its statues,
like its buildings, were clearly delimited, with no suggestion of the
infinite or unbounded, and it produced a geometry of regular, closed
figures that were the ideal forms of the earth and heaven.'”

Spengler’s account of space in the modern era expands with an
exuberance that parallels his thesis—that the prime symbol of the
Faustian soul of the modern age is limitless space. Faust’s restless
striving, the soaring of Gothic cathedrals, and the proliferation of
geometric spaces reflect this sense of infinity. Modern music such as
Wagner’s Tristan liberates the soul from material heaviness and sets
it free to move towards the infinite. He concludes with a cannonade
of evidence for the modern era’s sense of the limitlessness of space:
“the expansion of the Copernican world picture into that aspect of
stellar space that we possess today; the development of Columbus’s
discovery into a worldwide command of the earth’s surface by the
West; the perspective of oil painting and of tragedy-scene; . . . the
passion of our civilization for swift transit, the conquest of the air,
the exploration of the Polar regions and the climbing of almost im-
possible mountain peaks.”*®

The proliferation of geometrical and physical spaces had a great ef-
fect on mathematics and physics but did not generally influence
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thinking in other areas. The exploration of the experience of space of
the amoeba, the Zuiis, and the ancient Egyptians was important to
some natural and social scientists but made little stir outside their
respective disciplines. However, the multiplication of points of view
in painting had an impact far beyond the world of art. It created a
new way of seeing and rendering objects in space and challenged the
traditional notion of its homogeneity.

The depiction of space in painting reflects the values and funda-
mental conceptual categories of a culture. In the Middle Ages the
importance of persons and things in heaven and earth determined
their size and position in space. With the introduction of perspective,
objects were rendered to scale according to their actual size and were
located in space to reproduce the relations of the visible world.*' In
1435 the Florentine painter Leon Battista Alberti formulated the
rules of perspective that were to govern painting for four hundred
and fifty years. He intended to help painters create a unified pictorial
space in which God’s order, the harmony of nature, and human vir-
tues would be visible. Samuel Edgerton has observed that this for-
mulation of perspective was a ““visual metaphor” for the entire
Florentine world at that time: its politics were just coming under the
authority of the Medici oligarchy; there was a growing rationality in
banking and commerce that relied on mathematical orderliness and
utilized the system of double-entry bookkeeping; the Tuscan hills
were terrassed with neat rows of olive trees and parallel strings of
grape vines, all controlled by a centralized land management; pro-
portion and orderliness were valued in every area of culture and
were expected to regulate decorum and dress.** Although there were
occasional variations or intentional violations of the rules of per-
spective, they governed the rendering of space in art until the twen-
tieth century. Then, under the impact of the Impressionists,
Cézanne, and the Cubists that perspectival world broke up as if an
earthquake had struck the precisely reticulated sidewalks of a Re-
naissance street scene.

When the Impressionists left their studios and went outside to
paint, they discovered a new variety of points of view as well as
shades of color and light. They broke Alberti’s rule that the canvas
should be placed precisely one meter from the ground, directly fac-
ing the subject, and positioned it up and down and at odd angles to
create new compositions. They moved in and out of the scene, and
the frame ceased to be the proscenium of a cubed section of space
that it had traditionally been. Daubigny carried to an extreme their
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rejection of the fixed point of view when he painted from a house-
boat as it rocked at anchor or actually sailed along the Seine. With
these new points of view the Impressionists abandoned the sceno-
graphic conception of space.”?

However varied the scope and angle of Impressionist space, it was
essentially one space as seen from one point of view. Cézanne was
the first to introduce a truly heterogeneous space in a single canvas
with multiple perspectives of the same subject. In SHIl Life
(1883-1887) a large vase is reconstructed from two points of view
with the elliptical opening more rounded than a strict adherence to
scientific perspective would allow and gaping fuller than the opening
of the other vase standing next to it on the same flat surface in the
same plane. In Stll Life with a Basket of Apples (1890-1894) the corners
of the table are seen from different vantage points and grafted to-
gether to create balance with the other shapes. His Portrait of Gustave
Geoffroy (1895) combines a frontal view of the seated subject with an
aerial view of the table before him on which open books are lying
with almost no perspectival foreshortening. This optically impossi-
ble mixture of points of view enabled Cézanne to show all that he
wanted of the man and his work and at the same time conform to the
requirements of composition. Cézanne was enamored of the shape
of Mont Sainte-Victoire and painted it hundreds of times. By using
different perspectives for different parts of the landscape he gradu-
ally pulled it out of the distant background toward the foreground
until in the later paintings it loomed large as a symbol of his lifelong
fascination with form and space. His landscapes broke ground for
modern art as he gouged out quarries and cleared trees to make the
terrain of Aix-en-Provence conform to his artistic needs.

Cézanne’s primary commitment was to the composition of forms
on the flat surface of the canvas; conventions for accurately ren-
dering volume and depth were secondary.”* While most painters had
tried to create an illusion of three-dimensional space, Cézanne ac-
centuated the flatness of the picture surface and frequently violated
the rules of perspective in deference to it. He never entirely aban-
doned the techniques for showing depth but compromised them
when necessary. And so he broke up consistent linear perspective
with multiple perspectives, he violated aerial perspective in land-
scapes by painting objects in the distance as bright or brighter than
those in the foreground, and he occasionally chipped off a piece of
pottery when overlapping would interfere with his overall design.
He sought to reconcile the properties of volumes in three-dimen-
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sional space with the two-dimensionality of the picture plane, and
his paintings vibrate from the tension. He also wanted to fuse per-
ceptions and conceptions—the way we see things from a single point
of view and the way we know them to be from a composite of sev-
eral views. Experience tells us that the opening of a vase is circular,
but when viewed from the side we see it as an ellipse. Cézanne com-
bined the two perceptions visually with multiple perspectives.

These daring innovations were possible only for someone with a
sharp sense of space. Cézanne’s unique sensitivity to the effect of
slight shifts in point of view is revealed in a letter to his son of Sep-
tember 8, 1906: ““Here on the edge of the river, the motifs are plenti-
ful, the same subject seen from a different angle gives a subject for
study of the highest interest and so varied that I think I could be oc-
cupied for months without changing my place, simply bending more
to the right or left.”* Subtle differences in form and perspective that
most painters would not notice occupied Cézanne—fascinated
him—for months. He wrestled with them until, as Merleau-Ponty
believed, he created “the impression of an emerging order, of an ob-
ject in the art of appearing, organizing itself before our eyes.”* He
“realized” objects in space as they take form, as the eye darts about
the visual field and hovers around things until they are identified in
space and integrated into our world of experience. For Cézanne an
object in space was a multitude of creations of the seeing eye that
varied dramatically with the most minute shifts in point of view.

One of the great fallacies of historical reconstruction is the char-
acterization of events as transitional. The work of Cézanne is one of
the most fully realized corpuses in the history of art, and it is particu-
larly misleading to view it as a transition to modern art. Nevertheless
the important innovations he made in the rendering of space—the
reduction of pictorial depth and the use of multiple perspective—
were carried further by the Cubists in the early twentieth century
and have therefore come to be viewed as transitional. The Cubists
repeatedly expressed their debt to Cézanne and used his techniques
to create even more radical treatments of space. Their use of multi-
ple perspective also shows a strong similarity to the cinema, which
broke up the homogeneity of visual space.
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