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NOTE

The “pathetic fallacy” of the following essays is this:

One night in the late spring of 1936 the writer in-
nocently thought to kill the short end of a hot evening
by drafting an even shorter footnote to a book on
renaissance book illustration. Before morning he had
spent hours madly drawing lines with a ruler and was
entangled in a subject that, occupying much of his
subsequent leisure time, has flung him headlong and
bewildered into fields and problems the very exist-
ence of which was then unknown to him and of which
he now knows little more. On trains and boats that
subject has provided him with the best of crossword
puzzles, and in hours of lonesomeness and worry with
the most efficient and cleansing of diversions.

The following essays are but stumbling and tenta-
tive drafts of small parts of that proposed footnote.
However, should they direct the attention of a few
students of art to some of the problems they lead up
to, their publication in their present state will have
been justified.



ON THE RATIONALIZATION OF SIGHT

For sone Tive past the present writer
has been pursued by the notion that the most
important thing that happened during the
Renaissance was the emergence of the ideas
that led to the rationalization of sight. This is
a matter so different from the fall of Constan-
tinople, the invention of printing from mov-
able types, the discovery of America, the Ref-
ormation or the Counter Reformation, or any
of the other traditional great events of that
period, that a hasty account of it seems excus-
able before embarking upon a detailed exam-
ination of the mechanics of the perspective
schemes of Alberti, Pelerin (known as the
Viator), and Diirer, in which the effort
towards that rationalization received its first
expression in Italy, France, and Germany.

In order to have ideas about the returns
given us about nature by our five senses, it is
necessary to have some system of symbols by
which to represent those returns and some
grammar or rule by which those symbols are
given logical relationships. Lacking such sym-
bols, or a grammar for their use, the task of
thinking becomes too onerous to be carried
very far. A symbol that cannot be exactly
duplicated, or, what comes to the same thing,
a symbo| that of necessity undergoes fortui-
tous changes of meaning in the course of repe-
tition or duplication, is of very limited useful-
ness. A system of symbols without logical
schemes, both for its interrelations and com-
binations within itself and, if it symbolize ex-
ternal fact, for its two-way, or reciprocal, cor-
respondence with that external fact, is also of
very limited usefulness. However interesting
or important such symbols or series of symbols
may be for personal intuition they obviously

have little or no value for rationalization.

Words as symbols have no meanings except
such as they get from general convention or
specific agreement as coupled with recogni-
tions arising through concrete experience, and
thus are incapable of conveying information
about unique characteristics to people who
are not acquainted with those characteristics
at first hand. It is doubtful whether a recog-
nizable portrait has ever been painted from a
verbal description. As yet no symbolization
except a very poor verbal tautology has ever
been worked out for the returns given us by
the senses of taste and smell. At most we can
say that strawberries taste like strawberries
and that roses smell like roses. The symboli-
zation for the returns given us by the sense of
hearing is extremely limited and as yet has
proved incompetent to deal with sounds that
lie outside the conventional restrictions of the
notation of words and music. There is no sym-
bolism that has been able to record or deal
with such things as the personal timbre or
characteristics of a human voice. The phono-
graph and the sound cinema, which after all
are very recent inventions, while providing a
method for the duplication of sounds, provide
no symbols for them and no grammar or rules
for the combination of such symbols.

The ancient Greeks worked out a highly
abstract symbolism for certain very elemen-
tary and limited space intuitions and provided
it with a most remarkable grammar. The two
together are known to us as Euclidean geom-
etry, the origin of which in tactile-muscular
intuition is shown by its nearly complete pre-
occupation with metrical problems and its es-
sential dependence upon congruence. The
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dominance of tactile-muscular intuition in
Greek geometry and the failure of that geom-
etry to take account of visual intuition is exem-
plified by the fact pointed out by L. Cremona
that “most of the propositions in Euclid’s Ele-
ments are metrical, and it is not easy to find
among them an example of a purely descrip-
tive theorem.”! Although the Greeks worked
all around the problem of perspective, as is
shown, for example, by their interest in conics,
their knowledge of the anharmonic ratio, and
their discovery of such theorems as that about
the inscribed hexagon to which Pappus’s
name is attached,” they seem never to have
realized that there was such a thing as a math-
ematical problem of perspective. The under-
lying tactile assumptions of Euclidean geom-
etry are excellently exhibited in its basic pos-
tulate about parallel lines. If we get our
awareness of parallelism through touch, as by
running our fingers along a simple molding.
there is no question of the sensuous return
that parallel lines do not meet. If, however,
we get our awareness of parallelism through

(1) Elements of Projective Geometry, Oxford, third
edition, p. 50.)

(2) For these and other similar instances, see Sir
Thomas Heath's 4 History of Greek Mathematics, Ox-
ford, 1921, vol. II, pp. 270, 381, 897, 419, 521, etc.

(3) Euclid’s fifth postulate is today perhaps best
known through Playfair’s eighteenth-century equivalent,
that only one line may be drawn through a given point
parallel to a given line.

(4) If one remembers correctly, it was Ernst Mach
who picturesquely pointed out that if men were fastened
immovably to rocks like mollusks in the sea they could
have no sensory intuition of Euclidean space. F. En-
riques, who has discussed the spatial intuitions that come
from visual and from tactile-muscular sensations, has said:
“F. Klein a le premier remarqué cette difference entre les
propriétés descriptives et les propriétés métriques.” (En-
cyclopédie des sciences mathématiques . . ., tome 111, vol.
1, p. 63, and see also Enriques’s Legons de géométrie pro-
jective, Paris, 1930, p. §.) The way in which the tactile-
muscular habit of thought inhibited the ancient geom-
eters is very remarkably shown by Heath's account (op.
cit., vol. 11, p. 521) of Peithon and Serenus (fourth cen-
tury A.p.). This account is so interesting that I quote it
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sight, as when we look down a long colonnade,
there is no doubt about the sensuous return
that parallel lines do converge and will meet
if they are far enough extended. Although
Euclid was well aware of this (see his Optics,
Theorem vi) and was explicit about the fact
that his famous fifth postulate® was a postu-
late, it was not until the seventeenth century
that for the first time a mathematician adopted
convergence at infinity as the basis of a defini-
tion of parallel lines.*

At the very beginning of human history
men discovered in their ability to make pic-
tures a method for symbolization of their vis-
ual awarenesses which differs in important re-
spects from any other symbolic method that
is known. As distinguished from purely con-
ventional symbols, pictorial symbols can be
used to make precise and accurate statements
even while themselves transcending defini-
tion.” In spite of this, picturemaking long re-
mained a most inefficient sort of symboliza-
tion. There were two great reasons for this
inefficiency: one, that no picture could be ex-

in extenso. “In the propositions (29-38) from this point
to the end of the book Serenus deals with what is really
an optical problem. It is introduced by a remark about
a certain geometer, Peithon by name, who wrote a tract
on the subject of parallels. Peithon, not being satisfied
with Euclid’s treatment of parallels, thought to define
parallels by means of an illustration, observing that
parallels are such lines as are shown on a wall or a roof
by the shadow of a pillar with a light behind it. This
definition, it appears, was generally ridiculed; and Ser-
enus seeks to rehabilitate Peithon, who was his friend, by
showing that his statement is after all mathematically
sound. He therefore proves, with regard to the cylinder,
that, if any number of rays from a point outside the
cylinder are drawn touching it on both sides, all the rays
pass through the sides of a parallelogram (a section of
the cylinder parallel to the axis) — Prop. 29 —and if
they are produced farther to meet any other plane par-
allel to that of the parallelogram the points in which they
meet the plane will lie on two parallel lines (Prop. 30);
he adds that the lines will not seem parallel (vide Euclid’s
Optics, Prop. 6).”

(5) In thinking about symbols it is necessary to re-
member that while some symbols are defined by their



actly duplicated, and the other, that there was
no rule or grammatical scheme for securing
either logical relations within the system of
pictorial symbols or a logical two-way, or re-
ciprocal, correspondence between the pic-
torial representations of the shapes of objects
and the locations of those objects in space.®

Until the end of the fourteenth century this
was the condition of man’s ability to symbolize
his sensuous awareness of nature. To it may
be attributed much of the failure of classical
and mediaeval natural science.

At the end of the fourteenth century or the
beginning of the fifteenth century someone
somewhere in Europe began to make wood-
cuts. Originally the woodcut was a mere labor-
saving device for the quantity production of
sacred images. It was the earliest form of the
printed picture. By the end of the fifteenth
century men were printing pictures from en-
graved and etched metal plates as well as from
wooden blocks. The printing of pictures pro-
vided for the first time a technique which
made possible the exact duplication of pic-
torial symbols for visual awarenesses.”

The invention of the printed picture was
thus not improbably an event unique in the
history of European thought. Very shortly

references, other references are defined by their symbols.
The more closely a highly organized and purely concep-
tual subject, such as mathematics, defines its symbols, the
wider is the range of variation that may be introduced
into the physical forms of the symbols without effecting
change in their significance. The more closely symbols
(e.g. pictures) define unorganized and concrete subjects,
such as the materials of visual sense awarenesses, the nar-
rower is the range of variation that may be introduced
into the physical forms of the symbols without effecting
change in their significance. Thanks to the pictorial sym-
bol's sensuously immediate definition of its reference, it
is basic for many of the recognitions of similarity which
must be made before practical knowledge or science is
possible.

(6) The only pre-Renaissance statement I have found
to show that people were ever specifically aware of the
difficulties of a pictorial symbolism that was not accu-

after it happened there was another unprec-
edented event which, coming in similar fash-
ion to a society that was not prepared for it,
took a long time before its mechanics were
understood or its implications were recog-
nized. This was Leone Battista Alberti’s dis-
covery of a simple but logical scheme for pic-
torial perspective.

Perspective may be regarded as a practical
means for securing a rigorous two-way, or
reciprocal, metrical relationship between the
shapes of objects as definitely located in space
and their pictorial representations. Important
as this is to picturemaking in the narrowest
sense, it 1s doubtless even more important to
general thought, because the premises on
which it is based are implicit in every state-
ment made with its aid. Either the exterior
relations of objects, such as their forms for
visual awareness, change with their shifts in
location, or else their interior relations do. 1f
the latter were the case there could be neither
homogeneity of space nor uniformity of na-
ture, and science and technology as now con-
ceived would necessarily cease to exist. Thus
perspective, because of its logical recognition
of internal invariances through all the trans-
formations produced by changes in spatial lo-

rately repeatable is contained in chapters 4, 5, and 10 of
Book xxv of Pliny’s Natural History. Little more inter-
esting or directly to the point can be desired than this
account of why some Greck botanists gave up the attempt
to illustrate their books.

(7) The history of the graphic techniques is neither
more nor less than the history (1) of the extension of the
ability exactly to duplicate the symbols of visual aware-
ness and (2) of the extension of the power of those sym-
bols sensuously to define unique personal characteristics
that transcend purely formal or conventional notation.
The historians of “fine prints,” because of their limited
technical approach and also because of their preoccu-
pation with primitive rarities and the very occasional
artistic masterpieces, have with remarkable unanimity
disregarded both the expansion of the social utility of
the graphic media and their functional growth and intel-
lectual importance as tools of knowledge and thought.
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cation, may be regarded as the application to
pictorial purposes of the two basic assump-
tions underlying all the great scientific gener-
alizations, or laws of nature.®

Alberti’s perspective scheme of 1485-1436
(see p. 14 below) marked the effectual begin-
ning of the substitution of visual for tactile
space awareness, because its novel procedure
of central projection and section’ not only
automatically brought parallel lines together
- in logically determinable vanishing points,
but provided a basis for the hitherto missing
grammar or rules for securing both logical re-
lations within the system of symbols employed
and a reciprocal, or two-way, metrical corre-
- spondence between the pictorial representa-
tions of objects and the shapes of those objects
as located in space.

Ever since Alberti made his statement, men
have been busy, some misunderstanding and
some developing it. Leonardo da Vinci and
others who understood it reduced it to a form,
known as the “costruzione legittima,” that was
practical for artists.!” Viator published the
variant which is now known in the studios as
three-point perspective in his De artificiali
perspectiva ol 1505. Diirer, whose Unterwey-
sung der Messung was published in 1525, was
acquainted with the method of projection and
section, but failed to understand it, as appar-
ently did his immediate German successors.
Vignola, in the first half of the sixteenth cen-
tury, taught both the costruzione legittima
and the three-point method, but the substance
of his teaching was not published until Eg-

(8) Cf. B. A. W. Russell, An Essay on the Foundations
of Geometry, Cambridge, 1897, passim.

(9) The late Greek geometers on rare occasion uti-
lized this procedure, as for example in propositions 28
and 29 of the fourth book of Pappus’s Synagoge (see
Heath, op. cit., vol. 11, p. 380), but would seem never to
have realized its possibilities or to have developed it.

(10) The text of leaf 42 recto of Leonardo’s Manu-
script A (see reproduction, p. 23 below) proves conclusively
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natio Danti’s Le due regole della prospettiva
pratica appeared at Rome in 1583. Guido-
baldo del Monte in his prolix Montis perspec-
tivae libri sex of 1600 summed up the perspec-
tive knowledge of the sixteenth century and
worked out a number of elaborate variations
but seemingly added little to the basic theory.
He is said to have been the first to use the
phrase vanishing point (“punctum concur-
sus’).

Kepler's postulation, in his Ad vitellionem
paralipomena of 1604, that parallel lines meet
at a point at infinity" was the independent
mathematical recognition of an operational
fact implicit in Alberti’s construction and in-
directly stated by him in his text (see p. 22
below). It has been said that Kepler’s postu-
lation marks off modern from classical geom-
etry.

It was not, however, until the 1630’s that
for the first time a mathematician of genius
attacked the specific problem of perspective.
This man, Girard Desargues of Lyons, the
greatly admired friend of Descartes and Fer-
mat, opened the way to both the perspective
and the descriptive geometries. That Albert]
preceded Kepler by one hundred and seventy
years, and Desargues by two hundred yeara:,
throws much light upon the mathematical
knowledge and ability of the fifteenth and six.
teenth centuries. Among many other things,
Desargues discovered the theorem about per-
spective triangles now known by his name,
and, from purely perspective considerations,
he postulated in so many words that parallel

that Leonardo was fully aware of the strict two-w.
metrical correspondence between
spective drawing of an object in
itself.

ay
a correctly made per-

space and the object

(‘11) See Charles Taylor’s article “Geometrical Con-
tinuity” in Encyclopaedia Britannica, eleve
The essential passage from Kepler's text is
H. F. Baker's Principles of Geometry,
vol. 1, p. 178.

nth edition.
reprinted in
Cambridge, 1929,



lines in a plane meet at a point at infinity."?
In 1640, the year after Desargues’s Brouillon
proiect d’une atteinte, his pupil, Blaise Pascal,
by the use of its methods, worked out the
theorem about the hexagon inscribed in a
conic. Thus Desargues and Pascal, between
them, developed the two basic theorems of the
modern geometry of perspective.'® Those who
think of perspective only as a more or less un-
important subject in the curriculum of an art
school should find food for thought in the
facts that Desargues is reputed to have been
the first to design an epicycloidal gearing,'
and that every engineering and architectural
school now requires that its students have a
knowledge of descriptive geometry.

Because of the scattered way in which Des-
argues published his results — his very impor-
tant Brouillon proiect d’une atteinte was lost

(12) Desargues, writing in 1636, said: “Quand les
lignes suiet sont paralelles entr'elles, & que la ligne de
I'oeil menée paralelle a icelles, n'est pas paralelle au
tableau; les aparences de ces lignes suiet, sont des lignes
qui tendent toutes au poinct auquel cette ligne de 1'oeil
rencontre le tableau, d’autant que chacune de ces lignes
suiet est en un mesme plan avec cette ligne de l'oeil, en
laquelle tous ces plans s'entre-coupent ainsi qu'en leur
commun essieu, & que tous ces plans sont coupez d'un
autre mesme plan le tableau.” (See A. Bosse, Maniére
universelle de Mr Desargues pour pratiquer la perspec-
tive, 1648, p. 338.) If this be compared with Alberti’s
construction (see p. 22 below) it will be seen to be a
verbal statement of what happens in the operation of
that construction. In 1639 Desargues, in his Brouillon
proiect d’'une atteinte . . ., said: “Pour donner i entendre
'espece de position d’entre plusieurs droites en laquelle
elles sont toutes paralelles entr'elles, il est icy dit que
toutes ces droites sont entr’elles d'une mesme ordonnance,
dont le but est a distance infinie, en chacune d'une part
et d'autre.” (See Poudra’s Oeuvres de Desargues, Paris,
1864, vol. 1, p. 104.) Desargues’s 1636 demonstration of
his theorem about perspective triangles will be found at
p- 840 of the book by Bosse cited above, as well as in
Poudra’s edition of Desargues’s Ocuuvres.

(13) H. Wiener, in his “Ueber Grundlagen und Auf-
bau der Geometrie” ( Jahresber. d. deutsch. Math. Verein,
vol. 1, 1892, p. 47) says: “Diese beiden Schliessungssiitze
[i.e. the theorem of Desargues about perspective triangles
and that of Pascal about the particular case in which the

from the end of the seventeenth century until
the middle of the nineteenth century — and
especially, it would seem, because of the fasci-
nation of the field of endeavor opened up by
Descartes’s almost simultaneous publication
(1657) of analytical geometry, the discoveries
of Desargues and Pascal were in general ig-
nored until after they had been more or less
independently worked out by other men in
the late eighteenth and early nineteenth cen-
turies.

In 1798-1799 Monge published his Géo-
métrie descriptive, in which, as the result of a
remarkable analysis of previous practice and
the discovery of its generalized theoretical
basis, he may be said to have created modern
descriptive geometry.' In 1822 J. V. Poncelet,
one of Monge's old pupils, published his great
classical Traité des propriétés projectives des

hexagon is inscribed within a conic degraded to two
straight intersecting lines| aber geniigen, um ohne weitere
Stetigkeitsbetrachtungen oder unendliche Processe den
Grundsatz der projectiven Geometrie zu beweisen, und
damit die ganze lineare projective Geometrie der Ebene
zu entwickeln.”

(14) See Chasles’s Apercu historique sur Uorigine et le
développement des méthodes en géométrie, Paris, third
edition, p. 86.

(15) “Monge en concut les idées fondamentales vers
1775, il les ¢labora lentement et les exposa pour la
premiére fois d'une fagon systématique a I'Ecole Normale,
an 11 de la République. Mais il ne fut autorisé¢ & publier
ses importantes découvertes que l'an vii, 4 cause de la
crainte épreuvée par le Gouvernement que les étrangers
n'en tirent profit pour leurs ouvrages de défense mili-
taires.” (M. Solovine, at p. x of the Notice biographique
prefacing his edition of Monge's Géométrie descriptive,
Paris, 1922.) The following sentences from the short
“Programme” which Monge himself prefixed to his book
are not without interest: “Cet art a deux objets princi-
paux. Le premier est de représenter avec exactitude, sur
des dessins qui n'ont que deux dimensions, les objets qui
en ont trois, et qui sont susceptibles de définition rigou-
reuse. Sous ce point de vue, c’est une langue nécessaire a
I'homme de génie qui congoit un projet, a ceux qui
doivent en diriger U'exécution, et enfin aux artistes qui
doivent eux-mémes en exécuter les différentes parties. Le
second objet de la Géométrie descriptive est de déduire
de la description exacte des corps tout ce qui suit néces-
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figures: Ouvrage utile a ceux qui s'occupent
des applications de la géométrie descriptive et
d’operations géomélriques sur le terrain, in
which projective geometry was finally devel-
oped into a full-fledged mathematical disci-
pline.’® In 1847 von Staudt freed perspective
geometry of metrical notions.’™ The develop-
ment at the hands of subsequent workers has
been most remarkable, especially as leading
up to the study of the foundations of geom-
etry. Methods have been discovered by which
Euclidean geometry and the various non-
Euclidean geometries have been so related to
projective geometry that Cayley felt justified
in his enthusiastic statement that “projective
geometry is all geometry.”!%

On the immediately practical side it is
hardly too much to say that without the de-
velopment of perspective into descriptive
geometry by Monge and into perspective
geometry by Poncelet and his successors mod-
ern engineering and especially modern ma-
chinery could not exist. Many reasons are as-
signed for the mechanization of life and in-
dustry during the nineteenth century, but the
mathematical development of perspective was
absolutely prerequisite to it. Professor A. N.
Whitehead has somewhere remarked that the
great invention of the nineteenth century was
that of the technique of making inventions.
The inventions of Monge and Poncelet were
among the most important of the intellectual
sairement de leurs formes et de leurs positions respec-
tives. . . . On contribuera donc a donner & I'éducation
nationale une direction avantageuse, en familiarisant nos
jeunes artists avec I'application de la Géométrie descrip-
tive aux constructions graphiques qui sont nécessaires au
plus grand nombre des arts, et en faisant usage de cette

Géométrie pour la représentation et la détermination
des ¢éléments des machines. . . .”

(16) There are few stories more romantically interest-
ing or intellectually suggestive than those of the early
lives of Monge and Poncelet. Poncelet, captured by the
Russians during Napoleon’s retreat from Moscow, and
languishing in prison for several years without books or
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tools which made that great invention pos-
sible.

It is interesting to notice that, just as the
earliest datable European prints were made
during the lifetime of Alberti (1404-1472),
so Monge (1746-1818) and Poncelet (1788~
1867 ) were contemporaries of Niepce (1765
1833) and Fox Talbot (1800-18%7), to whose
ingenuity we owe the first photography, a
form of picturemaking that is not only pre-
cisely duplicable but one in which geometrical
perspective is so inherent that today the cam-
era is used as a surveying and measuring in-
strument' as well as a tool for the making of
precisely duplicable pictures of unique char-
acteristics that transcend notation in terms of
convention, for instance, in its use in the at-
tributions of connoisseurship. Photographic
pictures have entered so deeply into the con-
sciousness of Western Europe and America
that now there are few people who are not un-
happy with a modern picture that is too ob-
viously out of photographic perspective.

The most marked characteristics of Euro-
pean pictorial representation since the four-
teenth century have been on the one hand its
steadily increasing naturalism and on the
other its purely schematic and logical exten-
sions. It is submitted that both are due in
largest part to the development and pervasion
of methods which have provided symbols, re-

peatable in invariant form, for representation

papers, preserved his sanity during his enforced idleness
by making some of the greatest of all mathematical dis-
coveries.

(17) In the preface to his Geometrie der Lage of 1847,
he said: “Ich habe in dieser Schrift versucht, die Geo-
metric der Lage zu einer selbstindigen Wissenschaft zu
machen, welche des Messens nicht bedarf.”

(18) Compare the remark made by Jean Nicod, Foun-
dations of Geometry & Induction, London, 1930, p- 182:
“The order of views thus becomes the only fundamental
space of nature.”

(19) See, e.g., H. Deneux, La Métrophotographie . . .,
Paris, 1930.



of visual awarenesses, and a grammar of per-
spéctivc which made it possible to establish
logical relations not only within the system of
symbols but between that system and the forms
and locations of the objects that it symbolizes.

In the middle sixteenth century Brunfels
and Fuchs issued the first botanies provided
with printed illustrations adequate to the sym-
bolization of the unique characteristics of the
various plants and flowers. In 1543 Vesalius
and John of Calcar produced the first fully il-
lustrated anatomy, that is, the first grammar
of the human figure which, naming the vari-
ous bones, muscles, etc., defined them by exact
reference to pictures, which, being printed
from unchanging wooden blocks, remained
invariant throughout the entire edition. Since
that time, thanks in important measure to the
availability of methods for the exact duplica-
tion of logically arranged pictorial symbols
for visual awarenesses, scientific description
has proceeded at a constantly accelerating rate.
Scientific classification, which was practically
impossible for many things so long as such
methods were not available, has now because
of them made enormous strides. Those meth-
ods have perhaps reached some of their most
popularly acclaimed achievements in classifi-
cation in the fields of archaeology, artistic con-
noisseurship, medical diagnosis, and criminal
detection, knowledges and practices that have
been completely refashioned since the devel-
opment of photography and its related proc-
esses. T'oday there are few sciences or technol-
ogies that are not predicated in one way or
another upon this power of invariant pictorial
symbolization.

The constant extensions of the fields of use-

fulness of the pictorial symbol that is precisely
duplicable and of the grammars of its use have
had a most astonishing effect not only upon
knowledge but upon thought and its basic
assumptions or intuitions. Where the dom-
inant Greek and mediaeval idea of “matter”
seems to have been based on tactile and mus-
cular intuitions, the modern one to a very
great extent is based upon visual habits and
intuitions. Relativity, which now in one form
or another runs throughout contemporary
thought and practice, is in large measure a de-
velopment of ideas that were evolved through
the study and use of projective transforma-
tions.

From being an avenue of sensuous aware-
ness for what people, lacking adequate sym-
bols and adequate grammars and techniques
for their use, regarded as “secondary quali-
ties,” sight has today become the principal
avenue of the sensuous awarenesses upon
which systematic thought about nature is
based. Science and technology have advanced
in more than direct ratio to the ability of men
to contrive methods by which phenomena
which otherwise could be known only through
the senses of touch, hearing, taste, and smell,
have been brought within the range of visual
recognition and measurement and thus be-
come subject to that logical symbolization
without which rational thought and analysis
are impossible.?® The discovery of the early
forms of these grammars and techniques con-
stitutes that beginning of the rationalization
of sight which, it is submitted, was the most
important event of the Renaissance.

(20) Nicod, op. cit., p. 172, speaks of “our so-called
visual distance which alone is correct enough for science.”



THREE RENAISSANCE TEXTS ON PERSPECTIVE

I.

By comMon AGrEEMENT the three
outstanding renaissance texts on perspective
are those of Alberti, Viator, and Diirer. Al-
berti’s book, the Della pittura libri tre, writ-
ten in 1435-1436, is generally acknowledged
to be the earliest statement of a logically co-
herent and pictorially adequate scheme of per-
spective representation. The construction
worked out by Alberti, and used after him by
generations of Italian artists, is currently
known as the “costruzione legittima.” Via-
tor’s book, the De artificiali perspectiva, pub-
lished at Toul in 1505 and pirated at Nurem-
berg in 1509, contains the first statement of
the familiar “three point” or “distance”
method. Diirer’s book, the Unterweysung der
Messung, first published in 1525, was for sev-
eral generations the most advanced German
authority on the subject.

The simplest form of the perspective prob-
lem is how to throw a square into a geometri-
cally logical projection. As this is a problem
in geometrical optics, and not in physiological
optics or psychology, its solution may be re-
garded as a convention, but a convention of

(1) The page references following my quotations of
Alberti’s text are to the reprint of the original as given in
Hubert Janitschek’s edition of Leone Battista Alberti’s
Kleinere Kunsitheoretische Schriften. In making my Eng-
lish versions I have made hard use of the Italian-English
dictionaries of Florio (London, 1611) and Hoare (Cam-
bridge, 1925) and even more of the model represented in
my illustrations. 1 have also consulted the translations,
into German by Janitschek, into French by Popelin, and
by Bartoli and by Domenichi into Italian from a Latin
version. In so far as they deal with Alberti’s perspective
the first three of these translations with their diagrams
are ingenious misrepresentations of Alberti’s thought.
The precedent thus set has been followed by many of the
later writers on renaissance perspective. Janitschek’s
great merit is that he made the original Italian text avail-
able.
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such great utility and so exceedingly familiar
that for practical purposes it has the standing
of a “reality.” The two different methods of
Alberti and Viator produce identical results,
as can be proven by elementary geometrical
reasoning. In diagrammatic form the two con-
structions are as shown in figures 1 and 2. BC
is the near side of the square to be projected.
The vanishing point, A, is anywhere above
BC, and as high above it as the observer’s eye
is above the plane of the square. The pro-
jected right and left sides of the square lie
along CA and BA. DA is parallel to BC. In
Alberti’s system a perpendicular is erected
through B, cutting DA at E. The distance
between the points D and E in Alberti’s sys-
tem, and between the points D and A in
Viator’s system, is equal to the distance be-
tween the near edge of the square and the ob-
server. In Alberti’s system the projection of
the fourth side of the square is determined by
where the line DC cuts the perpendicular
BE. In Viator’s system it is determined by
where the line DC cuts the line BA. It is in-
teresting to note that the point A can be lo-
cated anywhere along the line DA and does
not have to be centered above the points C and
B, and that because of this fact the costruzione
legittima and the distance construction have
an ostensible exact similarity when the lines
BA and BE happen to coincide.

II.
The first thing we must do, would we under-
stand Alberti’s rather obscure text,! is rapidly
to run through it in the hope of arriving at
some idea of what his tools and contrivances
were and what it was in particular that he was



trying to do with them. This is especially
necessary because it is obvious that Alberti,
in writing his descriptions, was not thinking
wholly in terms of the problems of the ordi-
nary maker of pictures.

In the second paragraph of the third of his
Three Books, Alberti says that the task of the
painter is to represent with lines and color
with pigments the visible surface of any object
upon any given panel or wall in such fashion
that, at a certain distance and in a certain posi-
tion from the center of vision, it may appear as

In his remarks about light, shadows, and re-
flections, he says that there is much more to be
said about those subjects, as was shown by the
miraculous pictures (“‘miracoli della pic-
tura,” p. 67) he had made at Rome. Later he
says that no picture can resemble nature un-
less it is seen at a definite distance,” and that
he will give the proof of this if he ever comes
to write up those “demonstrations” which he
had made and which astonished his friends as
though they were miracles.® A little later on,
at a crucial point in the description of his op-

D E A D A
B c B C
FIG. 1. FIG. 2.

ALBERTI’S CONSTRUCTION

though in the round and will closely resemble
the object.*

In his first book, while describing the lines
of vision between the eye and the things it
sees, Alberti says: We may imagine the [vis-
ual] rays as though they were very fine threads
tightly bound together in a bunch as by an
iron band within the eye . . . almost like a
pollard of all the rays, the node of which
shoots its young branches straight and fine
against any opposing surface.* He also says
that the rays from the eye to the outward
boundaries of the field of vision make what is
called the pyramid of vision*; that when a
painter makes a picture of something he sees
it is as if his panel were of transparent glass
cutting across the pyramid of vision at a given
distance from the eye,” and that because of
this whoever looks at a picture looks at a cross
section of a pyramid of vision.®

VIATOR’S CONSTRUCTION

FIG. 3. THE TWO CONSTRUCTIONS
SUPERIMPOSED

eration he says that he determines the distance

(2) “Dico l'uficio del pictore essere cosi: descrivere
con linea et tigniere con colori, in qual sia datoli tavola
o parete simile vedute superficie di qualunque corpo,
che quelle ad una certa distanzia et ad una certa positione
di centro pajano rilevate et molto simili avere i corpi.” —
P 148

(3) “Et noi qui inmaginiamo i razzi quasi essere fili
sottilissimi da uno capo quasi come una mappa molto
stretissimi legati dentro all’ occhio . . . quasi come troncho
di tutti i razzi, quel nodo extenda dritissimi et sottilissimi
suoi virgulti per sino alla opposita superficie.”—p. 57.

(4) “Et questi razzi extrinsici . . . fanno, quanto si
dice, quella piramide visiva.” — p. 61.

(5) “Se non che in questa superficie si presentino le
forme delle cose vedute, non altrimenti, che se essa fusse
di vetro tralucente, tale che la piramide visiva indi trapas-
sasse, posto una certa distantia.” — p. 69.

(6) “Chi mira una pictura, vede certa intersegatione
d'una piramide.” — p. 6q.

(7) “Cosa niuna dipinta mai parra pari alle vere,
dove non sia certa distantia a vederle.” — p. 81.

(8) “Ma di questo diremone sue ragione, se mai
scriveremo di quelle dimostrationi quali fatte da noi li
amici veggendole et maravigliandosi chiamavano mira-
coli.” — p. 81.
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he wants belween the eye and the picture® —
a thing that no ordinary painter ever thinks
about, or is required to.

The clue to the sense of these remarks is
given in the Vita anonyma of Alberti (I trans-
late from Janitschek’s German, p. 229)
which says that Alberti “wrote several books
on painting, for with the aid of this art he
brought about things unheard of and that the
spectators found unbelievable, and he showed
these things through a tiny opening that was
made in a little closed box. . . . He called these
things ‘demonstrations,” and they were of such
a kind that both artists and laymen questioned
whether they saw painted things or natural
things themselves.”

All these hints point to the strong prob-
ability that Alberti conducted his researches
with a peep show or a visual model. This
being so, before we examine his text critically
in detail, let us see what the simplest kind of
a peep show or model can be, and find out
whether we can use it as a means of arriving
at a perspective construction or a diagram-
matic rule of thumb for doing easy perspec-
tive.

The simplest kind of a model is an oblong
box with an eye, or peephole, towards the top
of one end, an object on the floor or bottom of
the box, and a slide or slides which can be in-
serted perpendicularly in the box between the
hole and the object. On each of the slides such
a picture of the object can be painted that
when it is in its proper position in the box a
person looking through the peephole will find
it difficult to tell whether he sees the picture
on the slide or the object on the floor. The
major problem that faces the maker or oper-
ator of such a peep show or model is to deter-
mine the shape and size of the picture of the

(9) “Poi constituisco quanto io voglia distantia dall’
occhio alla pictura.” — p. 83.
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object to be painted on any given slide, and
the position of that picture on the slide. For
experimental purposes it is well to use the
simplest kind of an object. The best object
for an experiment of this kind is a checker-
board, placed on the bottom of the box with
its edges parallel to the sides of the box. Once
the checkerboard has been placed in position,
the next step is to stretch strings from the eye-
hole to the intersections of the lines on the
checkerboard, to represent the lines of vision
between the eye and the checkerboard. (See
fig. 6, where for clarity’s sake strings have been
stretched only to the intersections along two
adjoining sides of the checkerboard.)

By stretching strings in this way we are en-
abled not only to make the lines of our vision
visible in a fixed position, but after a fashion
to leave them there so that we can walk
around and examine them from the sides and
top and see what we can discover about their
angular and measurable relationships to each
other, the eyehole, and the object. The size,
shape, and height above the floor of the box,
of the various cross sections of the pyramid of
vision represented by the strings, can easily be
measured at any given point between the eye-
hole and the checkerboard —a proceeding
that is fairly difficult without the strings. It
is, however, not operationally necessary to
stretch strings from all the intersections on
the checkerboard, as the same theoretical and
practical results can be achieved by stretching
them from alternate intersections along any
two adjacent sides of the checkerboard and
from the remaining corner — which is what
we have actually done with our model.

The easiest way of taking our measurements
is by resorting to the age-old trick of the car-
penters and stonecutters when they have to
get the precise shape of a molding or uneven
surface, that is, by cutting a templet. A tem-



plet is merely a piece of thin board one edge
of which is gradually and carefully cut away
so that when it is finished it will fit exactly
up against the molding or uneven surface of
which record has to be made. If, then, we cut
a templet which will fit over the strings so that
it will just touch them as they pass through it
and which on either side of the strings will
reach down to the bottom of the box, we shall
have a way of getting the precise measure-
ments of the cross section of the strings at any
point we desire between the eyehole and the

checkerboard. The nearer to the checker-

FIG. 4 FIG. §

board the templet is placed the lower and
wider the cross section of the strings will be.
The nearer to the eyehole it is placed the
higher and the smaller the cross section will
be. And, if it is placed right at the eyehole
the cross section will be merely a small hole or
point at the height of the eyehole from the
floor of the box. Thus, if the templet is cut
to fit the strings somewhere between the eye-
hole and the checkerboard it will have a shape
more or less like figure 4 and can be slid along
the box from its calculated position away
from the eyehole but not towards the eyehole,
because the strings rise up and get in the way.
But if the templet is cut in a triangular form
like figure 5, with the top corner high enough
to fit over the eyehole and the lower corners
far enough apart to fit over the strings where
they meet the edges of the checkerboard, the

templet can be slid along the box in either di-
rection and will fit the strings anywhere be-
tween the eyehole and the checkerboard.
With a templet of this shape the heights of the
strings can be marked upon the templet as
they are at any given position the templet may
occupy. We will use this second form of tem-
plet (see fig. 7).

In this way, without knowing anything
about geometry or perspective, we have suc-
ceeded in discovering a means by which we

FIG. b

can draw an accurate picture of the checker-
board as seen in perspective on a slide at any
position in our box. The trouble with this
method is that it will only work for an object
small and simple enough to be placed on the
floor of the model and to have strings stretched
to it from the eyehole of the model. There-
fore our next task is to discover some way by
which a diagram can be drawn by rule of
thumb which will enable us to cope with the
problem of the perspective rendering of ob-
jects too big or too far away to be put in a
model.

One way of doing this is by fixing the tem-
plet in a definite position at the near edge of
the checkerboard and then looking at our
strings from two different positions. The first
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position from which we look at the strings
and templet is from the side. From it we see
something like figure 7. We mark the heights
of the strings on the templet. We then make
a simple schematic diagram to scale of what
we have seen (but doing it as though we had
seen the model from a point on the line pass-
ing through the two points of the templet),
like figure 8. We then move around to the
end of the model at a position exactly oppo-
site the eyehole, and look at the strings again.

What we see looks like figure 12. We now
make another simple diagram, to the same
scale as our first (i.e., fig. 8), of what we have
seen, like figure g, and then by carrying the
lines we have marked on the templet across
the diagram we have something like figure 10,
which is exactly what we have been hoping to
find. For if we have the measurements of the
checkerboard we want to throw into perspec-
tive and know how far away and how much
below the eye it is, all we have to do is to make
measured diagrams to the same scale from each
of our two points of view. One diagram (fig.
8) will give us the apparent heights of the
transverse lines on the checkerboard at any
given position between our eyes and the
checkerboard, and the other diagram will give
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us the way in which the orthogonal lines on the
checkerboard appear to converge. By carry-
ing our determination of the heights over
from our first drawing to our second drawing,
we get the picture we want of our checker-
board as seen in perspective. Needless to say,
either of these diagrams can be made before
the other, and as matter of fact when we come
to examine Alberti’s text we shall find that he
reversed the order in which we have made
them.

Before going further, it is well to point out
several things about these views and diagrams.

NN

FIG. 8

The most interesting thing about the end
clevation of the strings that we made in our
second diagram (fig. g) is that, provided the
point of convergence of the strings remains at
the same height above the checkerboard and
at the same distance from its two orthogonal
edges, the diagram remains the same no mat-
ter at what angle to right or left the bundle of
strings may tilt, as seen in our first diagram
(fig. 8). The other thing which it is well to
have in mind is that our two views represent
the same point of convergence of the strings
as seen from different points of view and that
the names given to the several representations
of that point of convergence in our modern
terminology relate not to different things but
to different aspects of the one thing as seen
from different positions. As most perspective
constructions or working diagrams contain



indications of the several aspects of the one
thing as seen from several points of view it is
most convenient to have different names for
its different aspects. Alberti called the aspect
of the point of convergence shown in the sec-
ond of our two views the center point, but he
used no name for the aspect shown in our first
view, which in modern terminology is known
as the distance point.

A simpler method, which requires but one
drawing and has other very great advantages,
could well have been arrived at in the follow-
ing manner: One day we go to our box to
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make some adjustments in it, and in order to
do this we take the triangular templet off the
strings, and, temporarily to get it out of our
way, we lean it up against the side of the box
with its lower angles or points quite acciden-
tally somewhere near the edges of the check-
erboard. At the time we do this the templet
happens to have marked on it the heights of
the strings as they were when the templet was
in position directly on the edge of the check-
erboard nearest to the eyehole. When we
have finished our adjustments and turn to
pick up the templet in order to put it back in
place over the strings, we notice something
we had not seen before which makes us place
the templet flat against the side of the box
with its lower corners directly in contact with
the corners of the checkerboard, so that it
looks like figure 11. As soon as we have done

this we see that the perpendicular edge of the
templet nearest the eyehole marks the posi-
tion which the templet had when we marked
the height of the strings upon it and that the
strings cut across that perpendicular edge ex-
actly at the marks we had made on the tem-
plet to indicate the heights of the strings. We
then try the templet in various positions over

FIG. 12

the strings between the eyehole and the check-
erboard, in each case first marking the heights
of the strings on the templet, then marking
the position of the templet on the side of the
box, and finally turning the templet against
the side of the box with its edge on the mark
we have made on the side of the box. In each
case the same relations hold true, and we then
make a rather naive and childish diagram of
what we have actually seen in our box, select-
ing for the purpose the particular case where
the templet is flat against the side of the box
with its two lower corners touching the cor-
ners of the checkerboard. That diagram is
like figure 13.
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We then simplify our diagram a little. First
we draw through the point representing the
eyehole a line parallel to the line that repre-
sents the bottom of the box — because this is
the easiest way of getting the points that rep-
resent the eyehole and the top corner of the
triangular cut in the templet at the same
height in our diagram. We then leave out the

FIG. 13

FIG. 14

ends of the box, after which we fill out the
broken lines on the templet so that they run
across it. These things done, our diagram looks
like figure 14. Then, remembering the view
from the end of the model (figs. 9, 10, and 12),
we indicate the projections of the orthogonal
lines on the checkerboard so that our diagram
looks like figure 15. We now have a schematic
drawing which we can use to throw any check-
erboard into perspective. If we know the
height of the observer’s eye above the checker-
board (i.e. the distance B E), the length of the
side of the square (i.c. the distance BC), and
the distance of the observer from the square
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(i.e. from D to E), we can work out our per-
spective on paper without having to resort to
a box with strings and templet, and by mak-
ing only one diagram.

After we have done this it does not take
long to discover by mere inspection and no
theory that a line drawn from one corner of
the projected checkerboard diagonally to the
far corner will pass through the corners of
each of the projected squares it crosses. This
diagonal line is represented by a heavy line in
the diagram shown in figure 16. After we have
looked at this diagram for a little it becomes
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obvious that all its results can be obtained in
an easier manner, as shown in figure 17. From
this, by way of the model, its strings, and its
checkerboard, to an understanding of how to
draw either irregular flat patterns or cubes
and other three dimensional objects in per-
spective is a perfectly simple operational
matter.

In many ways the most interesting thing
about what we have just done is that we have
done it all without any theoretical knowledge
of geometry. Starting only with the knowl-
edge that you can’t see around a corner (and
that therefore any line of vision is a straight
line) . an empty box, some strings, and a tem-
plet, we have worked out a practical method
of doing perspective. The most delightful
and charming thing about it is that we have
done all this without knowing anything



about, or even having heard of, such things
as vanishing points, or centers of vision, or
horizon lines, or central lines, or cones of
vision, or ground lines, or picture planes, and
especially without any of the intellectual acro-
batics involved in mentally revolving imag-
inary planes with imaginary drawings on them
first about imaginary points and then about
imaginary axes so that the imaginary draw-
ings on them can come into coincidence with
other imaginary drawings on other imaginary
planes — all of which even the most elemen-
tary books about simple perspective ask us to

<

FIG. 16

do, if we want to understand perspective in-
stead of merely following the diagrammatic
prescriptions.

The last several drawings that we have
made are different forms of the costruzione
legittima, first described by Leone Battista
Alberti in 1485-1436, one of which, as it was
drawn by Leonardo da Vinci, is reproduced

in figure 18.
I1I.

Now, having been through all this practical
experimenting, let us make our detailed ex-
amination of Alberti’s text — for unfortu-
nately no pictures that he may have made of
the several steps in his operation have come
down to us, and so we must do the best we can
from his text alone.

Alberti’s text is free from all modern ter-
minology and constructional ideas. Thus he

nowhere speaks of a vanishing point, a dis-
tance point, or a point of vision, an horizon
line, or a ground plane or ground line. For
this reason in discussing the particular pas-
sages in his text that deal specifically with his
construction, I shall confine myself to his ter-
minology.

Alberti starts his discussion with a series of
theoretical considerations, in which he ration-
alizes the various things he has found out and
invents a number of theoretical planes, lines,
and points, which are to be of use to him as
names for relations and positions on his per-

FIG. 17

spective construction as distinct from the ac-
tual relations and positions in a model. Thus
he tells us that the lines of vision, which run
from the eye to all points in the field of vision,
form a pyramid, or, as we now call it, the cone,
of vision, the apex of which is at the eye. He
discovers a theoretical line that runs along
the axis or center of the pyramid of vision and
calls it the central line. When a plane, per-
pendicular to the central line, cuts across the
pyramid of vision it cuts the central line at a
point which Alberti calls the center point,
and at which all orthogonal lines converge.
The only use that Alberti makes of the center
point in his construction is one for which we
have used the eyehole in our model.

After finishing his theoretical introduction
Alberti plunges into a description of how he
makes the perspective picture on the slide of
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his model — though to the discomfiture of his
readers he says merely that he will show how
he makes a picture (“Principio dove io debbo
dissigniere,” p. 79) and leaves them to find
out about the model and the slides for them-
selves. The object that he uses in his model
and construction is a tessellated pavement,
which from an operational point of view is
the same as the checkerboard we have used in
our model. For this reason in discussing his
text I shall treat his word “pavimenti” as
though it meant literally checkerboard.

Omitting his unnecessary remarks, for in
the fashion of his time Alberti added lengthy
classical and other allusions to the many
asides that men normally lard their explana-
tions with, let us now examine Alberti's ac-
count of his actual method of making a per-
spective drawing. Without saying so he has
taken his position at the end of his model, op-
posite the eyehole, and, looking at it, he de-
scribes the exact way in which we have ar-
rived at the diagram shown in figure 10. He
says, I draw a rectangle, (which is to bound
the picture he is going to draw on the slide of
the peep show) as big as I like, which for me
is like an open window through which I see
whatever is to be painted,'® that is, the check-
erboard as seen in perspective. Then, explain-
ing that the bottom of his rectangle and the
nearest transverse distance in the field to be
represented in his picture are proportional,
he marks off the bottom line of his rectangle
in as many equal portions as there are squares

(10) “Scrivo uno quadrangolo di retti angoli quanto
grande io voglio, el quale reputo essere una fenestra
aperta per donde io miri quello que quivi sara dipinto.”
—p- 79

(11) “Et emmi questa linea medesima proportionale
a quella ultima quantita, quale prima mi si traverso
inanzi.” — p. 79. Alberti’s Latin version states this as
follows: “Ac mihi quidem haec ipsa jacens quadranguli

linea est proximiori transversae et aequedistanti in pavi-
mento visae quantitati proportionalis.”” — p. 281.
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along the side of his checkerboard.!

Then, by sight, I place within this rectangle
a point at the place where the central line of
vision comes — because of which it is called
the center point.** When Alberti says that he
places his center point by sight, he is not
speaking quite by the book, for his center
point is only the name by which he designates
the indication on his drawing of the aspect of
his eyehole as seen from the opposite end of
his box. Then having located the center point
as said, I draw straight lines from that point
to all the measured points on the bottom of
the rectangle. These lines show me how trans-
verse distances appear to change in length as
they get further away to infinity.'® In these
last three sentences Alberti, without warning,
has lapsed into a mixture of references to
undescribed operation and to partially de-
scribed rationalization or theory, and has
done it with results that are bewildering to
his reader. These sentences, to speak in terms
of our model and its operation as distinct from
those of Alberti’s rationalization, call for a
view of the eyehole and the strings as seen
from the end of the box opposite the eyehole.
This is the view represented in our photo-
graph, figure 12, and diagram, figure g, ex-
cept for the marks on the templet.

In this connection it is interesting to notice
that Diirer depicts a literal eye at the point at
which the orthogonal lines converge in his
construction, and in his text calls that point
his “nahet aug” to distinguish it from his

(12) “Poi, dentro a questo quadrangolo, dove a me
paja, fermo uno punto, il quale occupi quello luogo, dove
il. razzo centrico ferisce; et per questo il chiamo punto
centrico.” — p. 79.

(13) “Adunque posto il punto centrico come dissi,
segnio diritte linee da esso a ciascuna divisione, posta
nella linea del quadrangolo, che giace. Quali segnate
linee a me dimostrino in che modo, quasi persino in in-
finito, ciascuna traversa quantita segua alterandosi.” —

P- 79
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TranscaTion By C. Ravaisson-Mollien in Les

Manuscrits de Léonard de Vinci, Le Manuscrit A de la
Bibliothéque de I Institut, Paris, 1881, folio 42 recto:
“— Si tu fais un plan [carré] et que tu me le
montres avec une marque ou un point qui y ait
été fait au hasard, et que tu me dises seulement
s'il est fait en carré parfait ou non, par combien de
brasses a le premier c6té, je saurai te dire de
combien de brasses ta vue est éloignée de ce carré
et & combien de brasses de distance se trouve
le point fait au hasard dans ce carré, point que

e \m”{

ﬂ aBrin uxPan virlns qu "'ﬂ”" ST N
o LAY r‘n‘]l rov o 8%

‘4;5}.,,.-.'»**.1“-9”. £ —9 AeR A d - A AR

ot ariof a3 aga) na Ty - o

. -.?,m\ 4"’?4 "R 7” ‘n B\'P
vmqh; .’-
A .*‘;‘) bz—.}h.Vﬂl?’lll”'.".h .‘“4 “'“l“l "("'-P"‘"‘("

JY‘W' “If ‘I'ﬁﬁ’hq Mﬂ*\
Al s Kemvr £ 7
A" m" - uvr'vn‘— viny \Mr\'f

< f ’ok.ﬂ
e

.
g S — DI e

— -

Y
mn" AP .y ‘F}" !
i

A- D 4G on QY Ayn

18. THE COSTRUZIONE LEGITTIMA AS IT WAS DRAWN BY LEONARDO

nous supposerons étre a; tu devras faire comme il
apparait dans la démonstration ci-dessus figurée.

““~— Suis la ligne a b et la ligne d e jusqu’on
elles se coupent en f; 14 se trouve la hauteur de
Poeil. Et si tu veux connaitre la distance, tu
feras la paroi [I’écran] a n, puis tu traceras la
ligne ¢ g; a son intersection avec la ligne g f est
le point de distance; tire ensuite les brasses
arsteau point f et au point g; limite ton plan,
et tu verras ou le point a, fait au hasard, est
gitné.”’



“ander aug,” from which he determines the
heights of his transverse lines (see p. 35 be-
low). Leonardo, in the drawing to be seen
on leaf g6 verso of his Manuscript A like-
wise indicates a literal eye at each of the two
points. There is little doubt that in so far as
Diirer understood the Italian tradition, as
represented, for example, by Leonardo, he fol-
lowed it in his construction, and that that
tradition goes back to the operational fact
that in a model the strings representing the
orthogonal lines converge at the eyehole. In
any event the drawing that Alberti has just
described fits the facts as to both his actual

FIG. 19

eyehole and that aspect of it on his drawing
which he calls his center point. On it he has
indicated the way in which the orthogonal
lines on his checkerboard converge as seen in
perspective, the outermost of those lines pro-
viding a series of limits beyond which the
transverse lines on his checkerboard as seen
in perspective do not extend.

Alberti now turns aside from his explana-
tion of his own practice to criticize an un-
scientific method followed by some other peo-
ple, who try by an arithmetical rule of thumb
to indicate the way in which a series of equi-
distant transverse parallel lines, lying on a
plane different from that of the eye, appear
to get closer and closer together as they recede
from the observer.

Having finished this criticism, he returns
to his own problem, saying: But the way the
transverse lines succeed one another is as fol-
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lows. Then, but without saying so, he leaves
the end of his model, at which he has hitherto
been stationed, and moves around to its side,
and, looking at it from this different point of
view, tells how he represents what he sees. [
take a little space (“‘uno picciolo spatio” —
doubtless a piece of paper or board on which
he 1s going to work out the measurements
that he is going to carry over onto the drawing
he has started to make on his slide) on which
I draw a horizontal line, which I divide in as
many equal parts as there are in the bottom
line of my rectangle. Then I place a point as
high above this line as the center point is
above the bottom of my rectangle: and from
that point I draw lines to each division in this
line."" At this stage of his second drawing it
looks like figure 19. Then I determine the
distance I want between the eye (i.e. the point
he has just placed, which represents the eye-
hole in his model, the precise location and
height of which he knew because it was fixed
in his box) and the picture (which is to be
painted on the slide he is going to place be-
tween the eyehole and the checkerboard in
his peep show), and there I draw what the
mathematicians call a perpendicular line
across the other lines.*> At this stage his sec-
ond drawing looks like figure 8. He then gives
a definition of a perpendicular line, and goes
on: Where this perpendicular line is cut by

(14) “Ma nella quantita transverse come 1'una seguiti
I'altra cosi seguito. Prendo uno picciolo spatio nel quale
scrivo una diritta linea, et questa divido in simile parte,
in quale divisi la linea che giace nel quadrangolo. Poi
pongo di sopra uno punto alto da questa linea, quanto
nel quadrangolo posi el punto centrico alto dalla linea
che giace nel quadrangolo; et da questo punto tiro linee
a ciascuna divisione segniata in quella prima linea.” —
p- 83.

(15) “Poi constituisco quanto io voglia distantia dall’
occhio alla pictura, et ivi segnio, quanto dicono i mathe-

matici, una perpendiculare linea tagliando qualunque
truovi linea.” — p. 83.



the other lines gives me the order of the re-
cession of the transverse lines. And in this way
[ determine the measurements of all the
parallel lines and the squares upon the check-
erboard as it appears in the picture on my
slide*® That is to say, the points where the
bundle of converging lines cross his perpen-
dicular give him the heights at which the
transverse lines are to be drawn in the picture
on the slide, and he is now able to carry them
over from his working drawing to that picture
and thus complete it so that it looks like fig-
ure 15.

Whether these [transverse lines| have been
correctly drawn by me [in the picture on my
slide] will be shown if a single straight line
will form a diagonal through a number of the
squares in the picture.’™ His completed pic-
ture on the slide, with the diagonal marked
upon it, looks like figure 2o0. It has been said
that Alberti used this fact about the diagonal
as a proof of the correctness of his drawing,
and that in so doing he was mistaken because
it is inherent in the geometry of his construc-
tion. This criticism, however, is not quite
correct, for the critic failed to notice that Al-
berti had made two drawings and not one;
had carried his first drawing as far as he could
without certain measurements, and then to
get those measurements had made his second
drawing; after which, having those measure-
ments, he had completed his first drawing. In
consequence of all this he needed some way
of checking up the accurate correspondence
of the two drawings and sets of measurements.

(16) “Questa cosi perpendiculare linea, dove dall’
altre sara tagliata, cosi mi dara la successione di tutti le
traverse quantita. Et a questo modo mi truovo descripto
tutti e paralleli, cio¢ le braccia quadrate del pavimento
nella dipintura. . . ."—p. 83.

(17) “Quali quanto sieno dirittamente descripti ad
me ne sara inditio se una medesima ritta linea contino-
vera diametro di pitt quadrangoli descripti alla pictura.”

—p- 83.

The diagonal provided the needed verifica-
tion in the simplest possible way.

Just when or by whom it was discovered
that the construction could be made with one

drawing instead of two, by schematically turn- -

ing the end elevation of the lines of vision into
the same plane with the side elevation — that
15, what we actually did when we turned the
marked templet in our model against the side
of the box — is not known. Alberti’s text is
not sufficiently developed for us to be certain
that he knew it although there is every prob-
ability that he did. In any event that knowl-

FIG. 20

edge must have followed very shortly after-
wards, because Leonardo da Vinci knew all
about it, including its strict relationship to
actual measurement, as can be seen by exam-
ination of Ravaisson-Mollien’s facsimile and
translation of leaf 42 recto of Leonardo’s
Manuscript A (fig. 18).

Alberti has now arrived at the end of his
technical description of his perspective con-
struction, but he goes on to say: This being
done, I draw a straight line across the picture
on my slide from side to side, parallel to its
bottom line and passing through the center
point, and thus divide my picture. This line
serves as a limit above which nothing in the
picture can extend that is not higher than the
eye of the observer. And because this line
passes through the center point I call it the
central line. From this it follows that the fig-
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ures painted on the furthest squares of the
picture are smaller than the others; as Nature
demonstrates to us.'® This statement is inter-
esting as showing how near Alberti came to
discovering the idea of the horizon line, which
in effect he had when he had drawn his line
across his diagram through its center point.

It is worth while to go back, at this place,
and consider a little more fully Alberti’s
phrase about determining the distance be-
tween the eye and the picture (see p. 15
above) — for it is this phrase which, although
one of the greatest stumbling blocks to an un-
derstanding of his text, contains the key to
the operation described in it. When he wrote
his description he was thinking in large part
in terms of his model and the things that he
actually did with it. Thus the position of the
slide (which for many purposes is identical
with the templet in our model) was the only
variable he mentioned, for the eyehole and
the checkerboard were built into his box so
that in his experiments their locations and
measurements were constant — though no one
knew better than he did that if the eyehole
were made higher or lower or moved to one
side or the other, or if the checkerboard were
slid along the bottom of his box in either di-
rection, then the size and height of the check-
erboard as represented on his slide (or, in
terms of our model, the pattern of the points
where the strings pass through the templet)
would be different, and the lines of vision (or

(18) “Fatto questo, io descrivo nel quadrangolo della
pictura ad traverso una dritta linea dalle inferiore eque-
distante, quale dal uno lato all’ altro passando su pel
centrico punto divida il quadrangolo. Questa linea a me
tiene uno termine, quale niuna veduta quantita non piu
alta che 'occhio che vede, pil sopra giudicare. Et questa
perche passa pel punto centrico dicesi linea centrica. Di
qui interviene che li huomini dipinti, posti nell ultimo
braccio quadro della pintura sono minori che gli altri;
qual cosa cosi essere la natura medesima ad noi dimostra.”
—p. 83.
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. » . .
1n perspective no matter what its distance was

from the eye of its beholder. This difference

strings) would make different angles with
each other both at the eyehole and at the floor
of the box. Every man who actually works
with a tool or device such as the model I have
described knows this kind of thing simply
from working with it, and needs no explana-
tion of it, verbal or otherwise. The principal
reason for his usual failure to call attention to
it or to explain it is its complete operational
obviousness to him.

One of the greatest difficulties that men
have in understanding explanations arises
from the fact that the explainer tacitly thinks
in terms of one particular tool or operation
with its inherent, disguised factors, and the
explainee tacitly thinks in terms of a differ-
ent tool or operation with its different inher-
ent, disguised factors. It was this even more
than Alberti’s obscurity of expression that for
a long time prevented his discovery from be-
coming known among the artists. Where Al-
berti thought in terms of a picture on a
movable slide in a model, the ordinary artist
was trying to learn how to make a picture that
could hang or be painted on the wall of a
room and that would appear to be adequately

in problem can be phrased by saying that as
between the constants and variables of Al-
berti and the ordinary painter, the only thing
in common was the constancy of the size of the
checkerboard. Because of this it took the
painters in general a long time to discover
that Alberti’s construction could be adapted
to their purpose by simply anchoring the pic-
ture plane to the checkerboard in such a way
that the bottom line of their picture coincided
with the near transverse edge of the checker-
board, and that once this was done the only
measurements they required were those rep-
resenting (1) the dimensions of the checker-



board, (2) the distance between the observer
and the near side of the checkerboard, and
() the height of his eye above it, that is,
three measurements which were so fixed and
obvious in Alberti’s particular operation that
he forgot even to mention two of them. This
anchored position of the picture plane is that
actually illustrated in the photographs of our
model.
IV.

On turning from Alberti to Viator, we find
another construction, which, as pointed out
above, has precisely the same results as that
of Alberti. Thanks to The Pierpont Morgan
Library it is possible to give in an appendix a
facsimile of Viator's French text, which seems
not to have been reprinted in modern times.
Because of the light that they throw upon
Diirer Viator’s schematic diagrams are here
reproduced from the Nuremberg piracy.

As Viator acknowledges in his last para-
graph, his diagrams are of much greater im-
portance than his text, and for their under-
standing require not so much words as a sense
for the business in hand. His text, however,
is interesting, because it contains in all prob-
ability the first printed references to the
ground plane, the horizon line, and the “tiers
points” from which his system got its name
of three-point perspective. The most impor-
tant single statements in his text are those in
which he says that his center point and his two
distance points are located on a line at the
level of the eye, and that his two distance
points are “‘equedistans du suiect: plus pro-
chains en presente, et plus esloignez en dis-
tant veue.” As otherwise his words add very
little to the analysis we have to make, we shall,
to save time, confine ourselves to his diagrams.

Just as Alberti, in his text, starts off with a
series of rationalizations of his actual opera-
tion and then proceeds to describe his opera-

tions in terms of his rationalizations, so Viator
follows the same procedure in his drawings.
He begins with two theoretical explanatory
constructions and ends with the three simpli-
fied diagrams of his actual working construc-
tion — thereby, like the writers both of detec-
tive stories and of studies like this, reversing
his actual order of work and telling the story
of his discoveries backwards.

The typical working diagram for Viator’s
construction is his third woodcut (fig. 26).
We are familiar with this, as still further sim-
plified, in figure 21 (see also p. 15). It has been
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suggested that this diagram, or construction,
possibly represents a tradition or method that
had been in use among the French masons of
the late Middle Ages and early Renaissance,
but, so far as I have been able to discover, no
specific reasons for this conjecture have been
adduced. It may well be based simply upon
Viator's textual use of several terms that
formed part of the French masons’ vocabulary
— a species of argument that if applied to the
present study would result in the charming
discovery that it represents a tradition among
American carpenters.

Often as it has been pointed out that Al-
berti’s and Viator’s constructions give iden-
tical final results, it seems to have been con-
sidered that in its simplified form (as in fig.
21) Viator’s construction is much more ab-
stract than Alberti’s, and that therefore it rep-
resents a much more considerable effort of
geometrical imagination and knowledge than
Alberti’s does. 1 have nowhere met any sug-
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gestion as to how it might have had its origin
in an operation, as distinct from the geom-
eter’s theorems and analysis. It would seem,
however, that it may well have evolved from
a simple mechanical operation. If we again
revert to the use of a model, this will be ap-
parent — as will also be the fact, which seems
not to have been mentioned hitherto, that in
spite of its apparent unlikeness to the con-
struction of Alberti the construction of Via-
tor represents the same series of operations
with but one very slight modification.

If we may predicate that Viator, a much

traveled and intelligent man, hearing or
learning that Alberti, as the Vita anonyma
says (see p. 16 above), “showed these things
through a tiny opening that was made in a
little closed box,” himself began to experi-
ment, much as we have done, there will be no
difficulty in working out a way by which he
might have discovered his particular con-
struction. As we have seen, Alberti, by work-
ing with a model such as that which we have
used, could well have discovered the costru-
zione legittima by merely swinging his tem-
plet against the side of his box in such a
position that its two lower corners came in
contact with the corners of the checkerboard.
In doing this the templet was swung as though
it were a door hinged to the side of the box in
such a way that its two lower points could
coincide either with the two corners of the
checkerboard nearest the eyehole or with the
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two corners of the checkerboard next to one
side of the box.

Viator, using a similar apparatus, could
have achieved his particular construction by
revolving his templet on its apex as a pivot
rather than by swinging it around on its per-
pendicular edge as a hinge. As revolved in
this manner, and not swung, its appearance
and relationships are shown in our photo-
graph, figure 22, in which, to make the matter
more obvious, several of the unimportant
strings have been omitted. Comparison of
this photograph with the preceding simplified
schematic diagram (fig. 21) shows that this
abstract geometrical construction is, like the
costruzione legittima of Alberti, very little
more than a childishly naive picture of some-
thing that can actually be seen in a simple
model.

By revolving his templet about its apex,
Viator kept that apex in its original position,
directly above the center of the near edge of
the checkerboard, while Alberti, by swinging
his templet doorwise about a perpendicular
edge, moved the apex of the templet. away
from its original position to one directly above
the center of an orthogonal edge of the check-
erboard, and thus left only the hinge edge of
the templet in its original position perpendic-
ular to the near edge of the checkerboard.
This shift in the position of the apex of the
templet explains why it is that although the
crucial distance between the near edge of the
checkerboard and the observer is measured
off, in Viator’s scheme, from the apex of the
templet, or center point, in the costruzione
legittima it is measured off from the perpen-
dicular — for each of them, apex and perpen-
dicular, in its particular construction, stands
for the near edge of the checkerboard. It was
because Diirer did not clearly understand this
basic operational difference between the two






systems that he came to grief in his own per-
spective scheme.

Whether or not Viator’s solution of the
problem was worked out first by Viator him-
self or by some artist, builder, or craftsman,
there is, of course, no way of knowing. It is
quite possible that Alberti, while working
with his model, may have discovered it, and
also that he discarded it for his other discov-
ery of the costruzione legittima, because this
latter, by enabling him to draw the pictures
he needed in the correct sizes and at the cor-
rect heights on the several slides of his model,
made it possible for him to make his academic
“demonstrations”” of his theory about the
pyramid or cone of vision and its cross sec-
tions.

To return to Viator's diagrammatic illus-
trations: Just as he revolved his templet (in-
stead of swinging it against the side of his
box), so in his first diagram (fig. 24), intent
on theory or rationalization, he represented
at the bottom of a pyramid of vision, the circle
which was the trace of the two lower points of
his templet as it revolved about its axis (the
apex of the pyramid being the apex of his
templet and the perpendicular the axis) . His
second diagram (fig. 25) shows the same
pyramid, but with its bottom tilted back as
seen in perspective. His third diagram (fig.
26) 1s a schematic simplification of his sec-
ond. His remaining diagrams (figs. 27, 28,
and 29) are no more than various applica-
tions of the construction arrived at in his third
diagram. His third diagram, however, was
the all-important one — and it is only a slight
amplification of our figure 21, which, as we
have seen, is little more than a naive picture
of what Viator might have seen when he
looked into a model. Thus the order in which
Viator undoubtedly worked out his diagrams
was not that in which he printed them in his
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book, but something much more like this:
first our figure 21, next his third, then his sec-
ond, and last of all his abstract and theoretical
first diagram.

To anyone who 1s familiar with fifteenth-
century and early sixteenth-century pictures,
and especially with the book illustration of
that time, the first sight of a copy of the De
artificiali perspectiva, in either the original
Toul edition of 1505 or the Nuremberg pi-
racy, comes with a sort of a shock. The many
pictures of known buildings with which Via-
tor exemplified his perspective method are so
clear, so reasonable, so just, that they are
wholly out of tune with anything that had
been done before them or that was done for
a long time afterwards. Such a sudden step
across the centuries into a completely modern
system of pictorial organization and point of
view can hardly have happened on any other
occasion. Diirer’s Saint Jerome in His Study
(B. 60) of 1514 is a portrayal of an interior
that is famous for its mastery of perspective,
but as compared with Viator’s representation
of his own living room, published nine years
earlier at Toul and five years earlier at
Nuremberg, it gives no feeling of space and
no visual comfort. Where we can believe
Viator’s picture with our eyes as a truthful
report of something that had an actual exist-
ence, our attitude towards Diirer’s engraving
is that with which we listen to a charming but
obviously impossible fairy tale, in which there
1s no reasonability and no hard fact. Our re-
production of the woodcut of Viator’s living
room (fig. 28) is made not from the Toul
original but from Georg Glockenton's coarse
copy that was published at Nuremberg. It is
presumably the same as that which appeared
in the original edition of the Nuremberg
piracy five years before Diirer in that same
town gave his Saint Jerome to the world.
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FIG. 24. VIATOR’S FIRST DIAGRAM
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FIG. 25. VIATOR’S SECOND DIAGRAM
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FIG. 26. VIATOR’S THIRD DIAGRAM
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It has been said that Alberti’s great discov-
ery was that the picture plane was a perpen-
dicular cross section of the cone of vision,
but there is reason to believe that possibly it
was something more and other than that.
Until Alberti’s time the problem seemingly
had been confined to a simple two-term re-
lation between the beholder and the single
object, in which the beholder saw only the
object and no one saw the beholder. So long
as the problem was confined to a particular
object as seen through the beholder’s eyes
it remained strictly insoluble, because the be-
holder, like John who had hold of the bear’s
tail, could not stand off and survey the sit-
uation. Alberti’s great stroke of genius lay
in his practical realization that the problem
was not to be solved by thinking only about
the bear as seen through John's eyes, but that
what Henry and Thomas saw from the side
lines had to be brought into consideration.
In doing this Alberti discarded an insoluble
two-term relation and took on a series of re-
lations with enough terms to permit of its
solution. In other words Alberti discovered
that, pictorially at least, form and position
were functions of each other, and thus were
relative and not constant, and also that there
could be no statement of position in three-
dimensional space in anything short of a
three- or four-term relation. This again is
merely another way of saying that by adopting
a particular geometrical convention Alberti
was able to substitute something that was
rational and objective for something that was
irrational and subjective. By getting Henry
and Thomas to make diagrammatic state-
ments of what they saw from their respective
positions on the side lines, Alberti came into
possession of the diagrams reproduced in fig-
ures 8 - 15. He told how he correlated these
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various statements in that portion of his text
analyzed on pages 22 - 25 of this paper. One
of the ways in which it may have been discov-
ered that the different statements could all be
made in one single diagram has been ex-
plained on page 19 of this paper. Later on
Viator achieved identical final results by pro-
ceeding in a slightly different way, as has been
shown on page 28 of this paper.

The solutions of the perspective problem
that are associated with the names of Alberti
and Viator were based upon the simplest kind
of practical ingenuity, and in some respects
were little more than clever carpenter’s work.
The two solutions were full of implicit math-
ematical relationships, but the men who used
them were content with them as easy con-
trivances that worked. The mathematical
analysis of the perspective problem, and of the
special variety of geometry that was implicit
in Alberti’s novel method of projection and
section, seems to have been first undertaken,
just about two hundred years after Alberti
wrote his treatise, by Desargues, who utilized
an assumption by which parallel lines concur
at a point at infinity (see p. 11 above).

As a result of the work of Desargues and his
nineteenth-century followers, there has been
developed out of the Albertian perspective
construction what is possibly the most gener-
alized discipline of geometrical thought. The
ordinary pictorial perspective diagram of to-
day, while retaining the outward form of
Viator's construction, is customarily ex-
plained in terms of this branch of higher
mathematics — that is to say, in terms which
are so rarely understood that the actual prac-
tice of perspective is merely the routine of a
memorized prescription. In modern perspec-
tive, the “vanishing point” is the name for the
“projection” on the “picture plane” of the
“point at infinity” at which the group of “or-
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thogonal lines” “converges.” The modern
vanishing point is thus a matter of highly
technical definition. It is not only completely
foreign to the renaissance idea of the center
point, which, as we have seen, was merely the
operational name for a particular aspect of
the observer’s eye, but it is based upon an as-
sumption completely foreign to the basic as-
sumption of classical geometry that parallel
lines could never meet no matter how far ex-
tended. Such “questions,” therefore, as: “Did
the ancients know the vanishing point?” are
strictly comparable to such other “questions”
as: “Did the ancients know the square root of
minus one?”’ Both the vanishing point and
the square root of minus one exist only by
virtue of assumptions and definitions first
made long after the ancients had ceased to
exist. Thus when learned classical scholars
translate “obscurum acumen coni” as “‘the
vanishing point of a cone,” they not only
make nonsense of Lucretius’s sensible words
but impute to him their own misunderstand-
ing of definitions and technical terms with
which he could not possibly have been ac-
quainted.
VI

Diirer’s prominence as an artist, the wide per-
vasion of his books and prints, and especially
the fame and popularity of his theoretical
writings, justify us in looking at his actual ac-
complishment in perspective as closely as pos-
sible. Diirer certainly was familiar with the
linear appearance of Alberti’s diagram, and
possibly even with Alberti’s account of his
method. In spite of what has been accepted
as fact by practically all the commentators, I
personally cannot believe that Diirer was un-
acquainted with Viator’s diagrams, which
were published in the Nuremberg piracy of
Viator’s book in 1509. That piracy, we must
not forget, was the most important book on
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the subject of Diirer’s predilection printed in
Diirer’s home town prior to the publication of
his own book in 1525. That he should not
have seen and known it is utterly incompre-
hensible except at the cost of his reputation
for being really interested in its subject. A
set of later impressions of the very rare wood-
cuts for the Nuremberg piracy is in the Print
Room of the Metropolitan Museum, but the
text that should accompany them is unfortu-
nately lacking. These woodcuts are coarse but
schematically perfect copies of those in the
original French edition of 1505. As we have
just seen, Viator’s woodcuts contain the gist
of his matter, and so any possible stupidities
in the text that accompanied the pirated
copies of them can hardly constitute an excuse
for any failure to understand them on the
part of a great man with a great reputation as
a scientific thinker.

The difficulty that Diirer had with the per-
spective systems of his two predecessors was
doubtless due to his failure to understand the
operational bases from which they had been
evolved. In all likelihood it was the opera-
tional basis of Alberti’s system that Diirer
wanted so much to learn about during his sec-
ond Italian trip — and that he never did learn
about. When we come to look at the cele-
brated diagram 59 in Diirer's Unterweysung
der Messung and his attempted explanation
of its construction, we shall see that he came
to grief precisely in those places where his pre-
decessors were not explicit about what they
were doing.

Where Alberti had a model containing a
checkerboard, Diirer had a cube standing on
a square surface, and his problem was to rep-
resent in perspective the shadow cast by the
cube on the square surface. Before he could
throw either his cube or its shadow into per-
spective he felt that he had to throw the square



surface itself into perspective. For practical
purposes this last problem was identical with
the problems of both Alberti and Viator, but
it was so differently expressed and was under-
taken with such a different purpose that the
identity was perhaps not as obvious as it might
have been.

Diirer had two methods of arriving at his
picture of the cast shadow, one longer and
more complicated, the other shorter and eas-
ler. This easier one was his celebrated
“nahere weg,” as he called it, and the one on
which his fame as a master of the theory of
perspective 1s based. Diirer’s text of this, in
so far as it deals with the projection of the
square surface on which his cube rested, is
given at the bottom of this page in a fac-
simile from the 1538 edition of his Unter-
weysung der Messung. His diagram 59 1s re-
produced as figure go.

In his description of his nahere weg Diirer
starts with a transverse line drawn across his
paper. A little above the left end of this and

(19)

parallel to it he draws another line g f of the
same length as the edge of the square surface
to be projected in perspective. Above the line
g [ he indicates a near point of sight (“ein
nahet aug™) with an eye, placing it at the
same distance above that line that it occupied
in one of the diagrams for his more compli-
cated construction (none of which is here re-
produced) — which was anywhere that he
wanted to put it. From this near point of
sight he draws lines to the points g and f. In
this way he has indicated the near side of the
square surface as seen in perspective and the
directions of the two orthogonal sides. His
remaining problem is where and how to draw
his fourth side. Off to the right, and at the
same height as the near point of sight above
his transverse line, he indicates a second point
of sight (“ein ander aug”) by drawing an-
other eye, but this time placing it in the head
of a man who stands with his feet on the trans-
verse line. The distance at which this second
point of sight is set off is the same as in Diirer’s
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fiofen follen fein . Sin muftdu die Binder feitert wiffen 5u machen /wic boch fle vberfich fenat das
find alfo. Seel ein ander aug auf die feitten in der wepte wie das bepdem for befchibnen grund fiee
aber glepchy in der Hich wiedasnehier aug.auf difem aug seuch 5o gevad linfen an bede ort Der filrs
gelegten linen, Damac repf cin aufvechtelind.aa.bb.diedaf forder ect an rilrewo dann dife aufy
vecht lind abfchneodt/ die lang fivepm lini dic auf dem wepterem aug fnden fpigigen winckel sogen
ift in den puncEten fes.cc. Aufdifem puncEeen.ce.Seuchiein swerch par ini durch die swo firepm liniy
en Die da auf dem naheceenang auf dieswep vnderen o der serchiing der ficrung jogen find.wo
donndic ftrepm linien durcy fehniden werden/da machen fle swwey eck/alfo ift dife gefieree/cbne reche
abacftolen/glench toie die for gemacht/darumb besenchen auchje vier eck mit den vier bufaben.c.f.g
S§.wichic foren im exflen geeban it Dif Babich bienach alfoaufgeriffen/ecich eper gee.
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more complicated construction. In his de-
scription of his more complicated construc-
tion Diirer says that he puts the second point
of sight as far from the square surface as he
likes (“‘so weyt . . . als ich will"). The dis-
tance of this second point of sight is thus set
with absolute arbitrariness. Having indi-
cated his second point of sight he says that he
draws lines from it to the points gand f. (He
actually only draws the line to the point g.)
This done he says that he draws a perpendicu-
lar line aa bb, which touches the near corner
(“die das forder eck an rurt”), that is, at f,
but which in his diagram actually stands off to
the right of f. Finally from the point cc,
where this perpendicular cuts the line be-
tween the second point of sight and the point
g, he draws a transverse line parallel to the
line g f. At the points where this line cuts the
lines from the near point of sight to g and f
he puts the letters 7 and e. The line he is the
missing fourth side of his projected square.

In proceeding in this way Diirer sets off his
second point of sight “so weyt als ich will,”
but without saying from what point its dis-
tance was measured off, whether from the near
point of sight or the point f. It is important
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FIG. 30. DURER’S

to notice that he sets off this second point of
sight before he erects any perpendicular. This
would have been in accordance with Alberti’s
method of procedure within the confines of
his box with its fixed, constant positions of
eychole and checkerboard, its shifting, vari-
able position of slide or templet, and the vari-
able size and position of the picture on the
slide. But it was wrong when working on a
piece of paper, as Diirer did, with shifting,
variable positions of eye and checkerboard,
and constant position of the picture plane at
the near edge of the checkerboard. If Diirer
measured the second point of sight off from
the near point of sight, then his perpendicu-
lar, far from being of any help to him, was
only a very disturbing element of confusion
and error, because when the construction is
based on the distance between the two points
of sight, the true geometrical diagram is that
shown in figure 21, which is the construction
of Viator and contains no perpendicular. If
he measured his distance off from the point f,
he would have had to use one or the other of
two ways of carrying that distance up to the
central line (which Diirer actually omits)
from the ground line, on which the point |



DIAGRAM 59

lies. He could have drawn a perpendicular
through the point f and taken his measure-
ment from the point at which the perpendicu-
lar cut the central line, as in figure g1. But

FIG. 31

FIG. 32

this he did not do, because he located his sec-
ond point of sight before he erected his one
perpendicular. The only other way was to
measure his distance from the point f along
the ground line and then transfer it to the cen-
tral line by erecting another perpendicular

that cut the central line at the proper place, as
in figure g2. But this form of construction re-
quires two perpendiculars, a first one to deter-
mine the position of the second point of sight,
and then another through the point f, to be
used in determining the height of the fourth
side of the projected square. As Diirer's de-
scription and his diagram contain only one
perpendicular it is obvious that his construc-
tion was not made in this way.

Further than this it is interesting to note
that Diirer did not in fact draw his one per-
pendicular through the point f but off to one
side of it (in a position which logically should
have required the drawing of the line, omitted
by Diirer in his sketch, from the second point
of sight to the point f) ; and that he put the
feet of his observer on the lower transverse
line (theground line) instead of on the plane
of his square surface, and thereby introduced
two unrelated ground lines into his diagram.
As part of this last error he made the lower
left-hand corner of his construction like figure
34, when, if he had really wanted to put his
two points of sight at the same height above
his original ground line, it should have been
like figure g5. Each of these several things in-
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troduced the gravest error into his final re-
sults.

As Diirer’s only perpendicular was erected
after the placing of his second point of sight,

/

FIG. 35

FIG. 34

it is fair to assume that when and if he meas-
ured the distance of his second point of sight,
he measured it from his near point of sight,
which was the only point on his lacking cen-
tral line available for the purpose prior to the
erection of any perpendicular.

It is usually said, in spite of the various pub-
lications of Viator's method, at Toul, at
Strassburg, and even at Nuremberg, during
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FIG. 33. DURER’S

Diirer’s lifetime, that Diirer knew nothing
about that method. But it may be that here
is evidence that he did know about it; for his
procedure up to the moment of the erection
of his perpendicular is Viator’s and not Al-
berti’'s. By first making Viator’s construction,
and then by interjecting Alberti’s perpendic-
ular into it, and finally by attempting to take
the height of the fourth side of his projected
square from the point where this perpendicu-
lar was cut by the line from his second point
of sight to his point g, Diirer not only showed
that he knew both and understood neither of
his predecessors, but introduced a series of
errors which goes far to explain the odd archi-
tectural perspective of many of his woodcuts
and engravings. Without knowing it, by pro-
ceeding in this way he shortened the actual
distance of his second point of sight from the
near side of his square by the distance be-



DIAGRAM 61

tween his near point of sight and his perpen-
dicular, and thus succeeded in getting a “pho-
tographic wide angle” distortion into his per-
spective renderings.

If we remember how the minds of school-
boys and other bewildered people work, we
get another hint about Diirer’s possible
knowledge of Viator as well as of Alberti in
the fact that in all the constructions in his
Unterweysung he places his near point of
sight very close to his perpendicular. Had he
known only Alberti, or only Viator, he would
not have needed to do this and could have put
his near point of sight out in the middle of
his picture where it would have been mf)st
useful to him. But, being acquainted with
the systems of both his predecessors and un-
derstanding neither, he was able to reconcile
them only by the expedient of placing his near
point of sight as nearly as possible in the one

theoretical position where there was little or
no practical difference between them. It hap-
pens (see p. 14 above and fig. §6) that when
the perpendicular and one of the lines from
the near point of sight to the base line coin-

FIG. 36

cide there is no ostensible difference between
the constructions of Alberti and Viator. Thus
by drawing the constructions in his book with
the near point of sight very close to the per-
pendicular, Diirer played safe in the one gen-
eral position where the error caused by his
confusion of the two systems was the least
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troublesome. He used this position in many
of his woodcuts, and notably in his engraving
of Saint Jerome in His Study (B. 60). While
this enabled him to satisfy his pedantic yearn-
ing for theoretical correctness, it forced him
to place his vanishing point away off towards
the edge of his picture in a position, which,
when emphasized by his “wide angle” distor-
tion, has the effect of making any picture so
constructed appear, in a subtly disturbing
way, as though it were only half a picture.
This peculiarity of construction is so familiar
in Diirer’s work that it may almost be thought
of as one of his distinguishing characteristics
as an artist.

We have examined with some care Diirer’s
diagram 59, in which he takes the first step
towards the solution of his problem of how to
throw into perspective the shadow cast by a
cube resting on a square surface. Let us now
pass on to his diagram 61 (our fig. §3), in
which he gives his complete answer to the
whole problem. This diagram is a cumulative
one, purporting to contain all the construc-
tional steps taken from the beginning of the
problem to the end of it. In so far as the per-
spective of the square surface is concerned,
therefore, it should be exactly like his dia-
gram 59. But this is not the case, for here

(20)

Diirer clearly and definitely throws his square
surface into perspective by Viator’s method,
finding the height of the fourth side of his
square by the point where the line from his
near eye to the point f intersects the line from
his second eye to the point g. The Albertian
perpendicular is there, to be sure, but it is
sheer surplusage, serving absolutely no con-
structional purpose ‘whatever. That useless
perpendicular is the fitting sign and proof of
Diirer’s quality as a thinker and geometrician.
It is learned, it complicates matters, and, ex-
cept in so far as it shows that Diirer did not
understand what he was about, it is devoid of
meaning.

Diirer’s next diagram is reproduced as our
figure 37. Having been added to the second
edition of his Unterweysung, it does not bear
one of the running numbers that were cut on
the blocks for the first edition. The text of
Diirer’s explanation of it is given in the fac-
simile below.?® In this he purports to tell us
how to throw a point into perspective — but,
characteristically, he makes a crucial error. In
his diagram the picture plane, as determined
by the three points, o, a, and b, intersects the
ground plane along the axis a b, that is, at the
side of the square furthest from the observer.
To phrase this in terms of our model he has

Wermn dus in cinem abarftolnen plarien ein punceen finden vile dex divin epner vechten fierung
fitegeben wirdet/ demmuft alfo than/Seg cin rechie fievung,.a.b.c.0.alfo das.a.b.oben swerchs fey
varnach fess dic abgefiolne ficrung.a.b.g.f.oben andie ander/ v das aug darsu fey.o. dann fei in
Di¢ vechyte fierung clnen punctten ..o du bin wilt daznach reifi in dic fierungein oxtfirich.a.c.alfo
s¢if auch cin gleichmefigen diameter.b.f.in dic abgefiolen fierung darnach seif aus dem gegebnen
puncten.c. eyr parallel finé geaen oder mit dey feitten der ficrung bifi an die swerchen .a.b.Dabinfes
¢in.b.von dann reif duch dic abgeftolen fierung ein gevade lini gegen dem aug.o.bif an dic 3rery
chen.f.g.0a fes ein.m.dasnach veif inder rechten fierungy cin gerade pavalelling aus dem punceen
<.biffan den Diametes .a.c. dabin fes .ein.f. von dann far mig einer aufrechten parlini bif an die
swerchen.a b.dabin fes ein.E.von dann vepfiu der abgeffolnen fierung gerad gegen demaug.o.bif
an den outftrich.f.b.dabin fes cin.L.von dann far parallelob . a.b.swerchs an dielind.b.m.da bn fes
m}.n.guﬁ ift der gefunden punch.in der abgeftolnen fierung. ond fiee glench meffig in fanem teyl.
wi¢ devpunctt.c. index ondeven vechten fierung ife figur hab jey nachfolget alfo auf geviffen.
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placed his templet at the far instead of at the
near side of the checkerboard. In this posi-
tion of the templet it is impossible by its
means to get a perspective image of the square
and a point on it except on the supposition
that the templet is not a templet but a mirror,
in which case the projected image would of
necessity be a mirror image, that is, a reversed
image. Diirer, however, reverses one of his
two diagonal co-ordinates, so that they no
longer intersect as they should on the axis of
his two planes. By so doing he gets the per-
spective image n of his point e, not at the top
of the projected square a b g f, as it should be
in a mirror image, but at its bottom, where it
could not possibly be located if his ground
and picture planes intersect along the line a b.
Because of the familiarity of various modern
conventions of convenience on the drawing
board this is rarely noticed. For Diirer sud-
denly and knowingly to adopt a factually er-
roneous convention merely because of its con-
venience on the drawing board would be com-
pletely out of character both for him and for
his time. Not only does Diirer nowhere in-
dicate that he is actually resorting to such a
convention in the making of this diagram, but
such a convention would be in direct conflict
with his correct statement in his description
of his more complicated method (on leaf ii
verso of the 1538 edition of the Unterwey-
sung) that his picture plane is a transparent
plane, or flat field, which cuts across the lines
of sight (*‘ein durchsichtiger planus oder eben
feld der all streymlinien durchschneidet™).

The effect of Diirer’s misunderstanding of
the meaning and use of the perpendicular and

(21) “Sara bene posto questo punto, alto dalla linea
che sotto giace nel quadrangolo non pit, che sia I'altezza
del huomo quale ivi io abbia a dipigniere; pero che cosi
et chi vede et le dipinte cose vedute, pajono medesimo in
su uno piano.” Alberti, Janitschek’s edition, p. 79.

the two points of sight was frequently height-
ened by his failure to obey Alberti’s behest to
place the center point (or, as Diirer called it.
his near eye) at the height of the heads of the
figures in the immediate foreground.?! Far
from doing this, he most frequently placed it
well above them. This trick or device of a
high center point, had Diirer carried it out in
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FIG. 39

a logical way, might have produced a point of
view much like that utilized on occasion by
such a modern master as Degas, but Diirer
failed to be logical in his utilization of the
high center point. This came about because
of his failure to understand that when a pic-

~ture is made, everything in it, architecture,

objects, and figures alike, needs to be repre-
sented from one given point of view if the
picture is to have any spatial homogeneity.
Analysis of the prints in the Life of the Vir-
gin, including those made both before and
after Diirer’s Italian trip of 1506-1507, shows
that while he habitually used a low center
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point in sketching his single figures, it was
also his habit to use a high center point in
sketching or inventing his architecture. From
this we learn how he went about building up
his compositions. After he had finished his
several sketches of the individual figures and
of the architecture for a print he copied these
sketches off pedantically onto his block — his
architectural setting with its high center
point and within that architectural setting,
wherever he wanted them, his figures, each
with its own particular low center point — in
such a manner that his obvious, and so to say
official, architectural center point had noth-
ing whatever to do with his figures and their
various undefined and low center points. The
result was that although the architecture and
each of the figures was possibly correct from
its own special point of view, all but one of
them was sadly incorrect from any single
point of view.

We find this same lack of pictorial internal
cohesiveness in Diirer’s great show piece of
perspective rendering, his engraving of Saint
Jerome in His Study (B. 60). If, in working
out this picture, Diirer had followed the sim-
ple rules of the game as laid down by either
Alberti or Viator, he would not have got him-
self involved in absurdity after absurdity. The
top of the saint’s table is of the oddest trap-
ezoidal shape — certainly it is not rectangular.
Neither is it level with the floor under it.
Moreover, the floor itself is not flat, for some-
where between the table and the bench at its
right it takes a sudden tilt and slides off in a
new direction. The bench, if a correct pro-
jection of it were actually to look like Diirer’s
picture of it, would have a shape that would
astonish everyone, including Diirer himself.
These oddities of shape were as carefully dis-
guised or camouflaged by shading as was pos-
sible, but anyone who cares to rule lines on a
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photograph or reproduction of the engraving
will find these and many more to keep them
company.

Our analysis of Diirer’s perspective theory
and practice may perhaps help us to under-
stand how it happens that, no matter what the
apparent simplicity and straightforwardness
of any of his pictures may be, we are always
aware that it contains or is based upon an
elusive and tantalizing contradiction. We
have seen that his formal perspective construc-
tion (the nahere weg) contains logical con-
tradictions. It is obvious from his prints (e.g.
the Saint Jerome in His Study, B. 60) that he
did not understand that parallel lines in par-
allel planes meet on the axis of intersection of
those planes — a fact that follows immediately
out of Alberti’s and Viator's constructions.
His studies of the proportions of the human
body were not based upon anatomy (i.e.
upon interior relations) but upon visual
shapes in standardized locations (i.e. upon
exterior relations) . Changes in the locations
of his figures within the emphasized and most
obvious perspective space of their architec
tural settings, that is, in their external rela-
tionships, were not accompanied by the trans-
formations of their visual (or perspective)
shapes that are logically required if their in-
terior relations are invariant
through changes in location. These distor-
tions were coupled with the utmost realism
in the delineation of forms as seen in locations
which they but rarely occupy in his finished
pictures. The consistency with which he car-
ried out these various distortions amounts al-
most to a methodical denial of the homoge-
neity of space. This fundamental contradic-
tion of one of the great intuitive bases of ex-
perience produces a subtle psychological
malaise in the beholder of his work that, not
being readily traceable to an obvious cause, i
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doubtless one of the principal reasons for the
peculiar fascination that his work has always
exercised over the minds of men. It may also
be that this basic contradiction is responsible
for the fact that so many students of Diirer’s
work seem always to be working at some
conundrum which, like the squaring of the
circle, is incapable of solution.**

(22) Just as it did not seem necessary to discuss Al-
berti's famous perspective net so it does not seem neces-
sary to discuss Diirer's even more famous but wholly im-
practical mechanical aids to perspective. In each instance
the basic theory is the important thing and that is set
forth in the practical geometrical construction. If the
present writer's memory is correct, for it is not a matter
to waste time in verifying, the writers who have made
most of the nets and other contraptions have also been
those who have come to greatest grief in their attempts
to explain the geometrical constructions.
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en dimeélions arilimetrales ef doctrinedeld maifives (icdme autres fecres delart
pictozale (ot les itals fienent la palmedauec excercice de beue actuelobfiguras
tion parmeluree/ ainfi quil eff contenu on denantdit article/ peu denantla fin,
Sclencedearguts etingenicur entendetnens/que les grans ¢ baulr efperis one/
touliours (et meritement) amplecte ef magnifie/ enfemble les parfais artifics
dicelle: reprefentans les choles pallees ¢ ablentes/comeinfantes et prefentes:ee
beues/cognolcibles au premmier regartitclles qua retenirles (peculans:efleuer o
tmounoir cozages a bertu et diuine action/ademiration/et benediction: folacier ef
releuer les énups dela biehumaine/ et autres tbol’es_ efirables faire ¢ expritmer:
fFinalmene(pour reprendzelepropos)amables  extitmables/cdume anli tous pers

fpecteurs ef operatenrs ¢ choles excellentes et dignes,

‘Beperfpectivapolitiva compendiis
Abzegic de perfpective politive,

Funvamentis: Duanton beult edifier on cdmence aux fondemens: En
H apres/on dreflcon baftift les muradlles ef corpsie ledifice: E¢ confequeny
ofelefofct ef counerture. Zinfi conient faireenla prefentematiere:

n , ! :
;ef:;/; pz?:tier anoir cognoifancedxs pricipes: Eticenly entendus/fop applige
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a la manievedepzoceder abeloigher, Etfinablement (¢ excercer a pourtrairees
figurer artificialmet les chofes beues ou concenes, Duant auy principes/il et
perfpect etdeduit par (peculationsdepbitofopbes/ que toutes choles font beues
¢ome par lighes procedés de lueil/ Ceftaauoir par le friagle:du quel laballeel®
1a chofe veue:t fon diametre dilcourt/par la motion & Iueil/fur les parties dicelle
chole beue: Couteffois lumiere ne it pas de lueil: maisla clarte exterioze cheant
et (celluineflecte/cosmne dun miroir ardent:par quellereflection les formes des
choles font conceues & appzebendees. Delquelles formes/ladelignatine ct figu/
ratiueexprefion/elt derinee du point: lequel (cobien que foit indinivu) eff euolue

enligne et enlignes:dont figures font cormpofees/ par lefquelles/ anecpoints/cs
telles lignes/1a bop e au propos ¢l ouncrte,

Onctnsprincipalis: Lepoint principal en perfpective doit ek recon®itue

et afis au npucau delueil: lequel poit et appeile fix/ou biect.En apres/
breligne produitcet tivee des eur pars dudit point: ef en icelleligne doinet eftre
fignes deux autres points/equediftans du fubiect: plus prochains en prefente/ ef
plus efloignes en diltant beue:lclquels font appelles tiers points. ¢Stenicellelis
gnepeut on faire antres poits/ on il e@berra apprelt e edifice ¢ pluleurs angles/
ou autre chole dedinerle fitnatio. Laquelleligne ek appellee piramidale: car les
angles on pointes des pirarides (dont cp ap:es feva dit) font deduis des points
en tcelle conftitues, ¢ ¢t anfi appellee ozizontale: car elle moftrele foleil oziét/
et leabfconix occident: et touliours adeque en pareille haultenr lueil delome/ on
quil thontea (e trafpozte: foit ala fummite e baulte tour/ou du plus ellene tmong
quifoit. 4 quelle baulteur la extremite et i terre/ e X mer/ (e doit touliours ter/
iminer: feplufbaults imonts/entremopens/ne lont obiects,

Einde: Enapres/ bneantreligueplusballe/ fedowt afeoir/ qui fappelle
ligne terve: &t en icelle(feon pretend fureriger edifice/on coceuor ratlon de
quelque dimen(ion) dilpoler auccle compas/aptemet ouuert/poits partis:plus/
ou tnoins: felon lopportutiite du piopos conceu. Et en beloignat fanlt vler daws

tres points/necefaives a lappzeft des chofes:qui ne font pas cp delignes: mais
feront manifeltes par les figures,

furesquog: Etpluleursautres lignes fonf ativer: Delquelles tontes
pans des poits coltitues en 1a lignepiranidale/generalinnt (ot appellees
radiales.car elles procedent diceuly points/comimeles rais pzocedent du loleil ou
des efoilles, Specialment tontelfors/leslignes laterales des piramides/ fong

48



nomees bifuales:denotds le fubied en perfpectine: cf les moiennes dicelles fapels
lentdiametrales/ celt adiveles dinilans en deuy pties equales, Dudt aur lignes
feruans aur afemblemens ef adunations %s edifjces/(ojent diredes ou perpens
diculaives/elles iont point autres nos,

E Jgurarum autem: Duat aurfigures/les bries font miles pour elemits,
les autres pour exéples/ou inductives debefoigner en plulgrandes. Mais
oy el faitemencion decelles qui font tmiles pour elemments, @ outeslefquelles/
pocedent i la fperique: Car le triangle/et le quadzagle (qui pincipalmét feruée
alapertpectiue)font deduis et infifies paricelle. Duquel triangle pzocedent les
piramides:quiont (imilitude de flawme de feu:large par bas/ef acueen banlt: ¢ fe
peuent toutes ef chiines le(d piramides/ faire pluslarges/ou pluseroites: plus
longues/ou plusbzeues:et autres figurcr/pour ef felon lexigeuce des euners qud
etmpzendza: Car ala gifant adexere/(efait (a contraiveala feneltre:q femblables
tnétalapendente. ¢ toutes piranides/en quelque maniere que foict faites/cos
courent/a befoignent enfemble/comeles lettres:et leurs angles ou poitites naif/
fent des points affignes en laligne piramidale: Erxceptela pointeela piramite
fignee on penultune hiew: laglle e deduite dun pont contect enlair. &t il fanlt
dailleurs deduire anfres piramides/ ceenfeignerala fpeculation des chofes qud
vold:afaind:e: La premiere figure/(apelle trigoneou triagle:la feconde/piratnis
e Droite: latierce/enerle: laquarte/gifant: la quinte/duble: la fexte/ diftule: 1a
feptime/bicozneou coznue:la octaue/pendente: laneufieme/aereate: ladixieine/
tetragone ou tetrangle: darlequel les efpaces depingendes/ font adilpolerion
par pauenent lunite:ou(fe aux cholesquon boldrafaindze/ou alo:donnance di/

celles/il feraneceMaive) par dilkances dilcretes,

Eterumt. En oultre/ladiuerlite des regars des choles obicttcs ¢ foul/

fours a cofiderer:melimernent de edifices. £ av ot les boit de front/ou par
langle.£L e adire par denant.ou parlecoign. a les peut on beoir equilateralinét
ou rnequilateralmet:et de fiege cormun/ou eene.et(cdmeil aeffe touchie ellus)
vepzefente/cuditante beue, Etentatuét ou alfeant plonnes eld edifices/ fanit
adequer ou conforner leur quantite alatmagnitude diceulr:affin g toutes choles
aptement (@uicnnét/et redolent ou repzefentent indultrieartificiale,

H Dbuc nofandum elt: Encoz ¢t anofer que choleon magnitude vilible
(quicklamatieredecelt art)elt aucuneffois regardee pour elire conceue et
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comprifeentiererment: ef lozsle diametre dela piramide ou friangle bifual/ chet
dzottement fur icellechole: Hucunelfois eft regardee/pour que lune partie foit
plufattentement infuite et parueue: et lozs lediatmetre dela piramide et couerti
atcelleparticrcdmeleguilledun bozologe dit quadrane/fe pierre dapmant eff eirs
cumduit. Duque! ppos leremple appert par le tetragone cp apzes premier mis:
evect ¢ clleue: lequel quifout enfermbleregardera/ du premmier p:opos larguitent
ef coceptio fiendza: Etquiau comneon angle dextre fledera lueil/ a icelle part/la
vertu viline tralpozteralediametredela piramude. E¢ d au fenelve/peiiemet,

Tnozatio auterti: Laminozation du tetragone/ ceft adire du quadiangle/

terne ef couchie/on gifant en plain/fe compzet parles lignes viluales che/
ans furles angles dicellui inferiozes ef pehains:et paries fectios des diathetres
des piramides inclinees/protendues des tiers poits efloignes du ubiect/an dows
bledes precedes:on boircitit plus/ ou aufi troins queled double/felonle fiegedu
fingent/ et prefente on diltante veue: etle ferde qui entonrlequadrangleerect (e
deridEre fperic/ e alentourdu Rerne et gifant/oual/on lenticulaive:felon 1a difs
ference des fieges @ beues premis, Lefquelles propofitions fe pencnt comprendic
furlafecont figure. Latierce conlequete figure/contient le quadzangle fans cir?
cumference fperale: demozans les piramides premifes: Lefquelles touteffols ¢s
autres enfundtes figures neferont pas entieremeét mifes:mais ce fenlement diz
celles que fera neceMaire, Lombien que fouliours foict fobsaintes ou fobsentes
dues:comeil apperra a couly quip regarderont,

Tminutio quogs panimenti: Etladiminution dupauemét/ (e prent fur

le3 quadzangle/ partidepoints/ et dilfinct delignes radiales/aur lections
des dDiatnetres des piramides inclinees(comeil et deuant touchie) et plulaplain
en thaintes manieres detnonttre/ parles quarte quinte ef fexte figures, aunec les
quatre fequentes:q (e peuent faire autres diners panemes/ef multiplier ¢ dilater
auplafir e louurier. &t qui beult linmterles dilkaces delpace chapeltre/en pout
traiant les droites lignes & pauement fobsfaint/aura fon intencion:fe par autre
geometrale indultrie naura cogneulefaire. € quant alaminoation des plon/
nes(ddtles plufedoignees apperent a luel/moindzes que les prochaines) ellecl
punfeendeuxmanieres. L£ar onles puetregarder de liege cormmun/ ou defiege
efleuc. Se onles boit deficge comun.on p2et leur banlteur ef minozatio/ie leurs
pres/ala ligne piramidale:laquelle ligne/ lefd plonnes puct exceder des peuy en
fus:ou plus/ en procere et gigantealemagnitude: Seon les boitde fiegeefene/
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fault bler dela piramidednclinee/yTant du point ubget/on delun des fiers:xla
quelle/l1alatitudeballe/ foit ounertcalabaulteur dela prochaine et plufgrande
plonnequon bold:a Ratuer entefpace, felon lainaretation ielaquelle piramiide/
{eld plonnes p:end:ot dela plante au bault des teltes leur minoation. Delquels
les trois ppofitions (cekalfauoir delimiter efpaces champeltres: ef dealeoir ¢f
minozer les quantites de plonnes beues de liege (dtnun/ et aulli de fiege efleue)
les exemples apperent par les trois figures lupuans les pauemens, Dont/
1a derveniere eft ozdonnee/ felon fiege peu efleue/ef (¢ puet efleuer plulbault/ et
encozes fureflencr/alaligne onsontale/ et aufilapointe dela piramiveinclinee/
enfemble eflener/prolonger/ou dilater: aindi quil el vuant notecnlarticledes
figures eleimentaires: come auec ce fera copzins desintens [peculateurs, Eten
quelque licu quelon bolra faindze enfans ou adolelcens, feralenr quatite a prens
vrelelon leurs aages: euregart ala quantite des plulgrandes plonnes: aulquels
enfans/¢autres plonnes/ou queloient aflignees/ ppoxtios legitimes ferot dons
nees (elon leurs magnitudes, €« cequepar tout eff it des plonnes/ el entendu
femmblablemit es autres anitmants./ Etauregart 0 ladiminution delalatitude
et groffeur e colitneset femblables chofes/elle (e pient parla ditmnntid du fefra’
gone:en (urefleudt/come delabafle/leld coliines ¢ choles:et les haulteurs dicelles/
feprenét par piratndes couenables/ Lelfalfauoir paries gifantes/ on pendétes:
felonla (ublimitedeld coliines/et le ftege du boiant icelles, Mais il eff 3 auertit/
queen beuemoult difante et eloignee/ el expedient bier fouuenteffois de indus
(Erie etengin: et fermblablemér/en maintes autres chofes/ 1aifees ala (peculatio

des plularguts et (ubtils,

Roinde: Lonlequerncet (Les chofes eMus dites/a leffect pretendu plai/

newment pifes)les figures exeplaives/ defcriptes a inductine/(o1ét beues:
vefquelles aucunces lont erigees dela memoire X edifices on painfures aucunel/
foi3 et pieca beues: lesautres/dela fpeculation duditrant, Lefquelles feront o/
ceues pazles elenés premis: come (ont parollcs pazles lettres. D u mlx/furicel/
les figures/feront entendus les offices diceuly elemes: dmeds ont aptitudemas
nuductivea fatucries plaines et plates founes/dont font eflcues lefd edifices ef
chofes effingibles/ ¢ aleurs alemblemés ef adunatios. £ ar es figures beves de
plainefrot/la pivamive dote/conltituele pauermet:a deux ou pluleurs gilantes/
1¢s coftes ou parois:1a euer(e/1a bolte ou foict defus: Etes figures beues angu/
lairemét/la diffule et la coznuc/befoignet:1a double/en foutes deny:la pendente/
fert a plufeurs choles: 1a aereale/ afaindze ancunsdegres: £¢ fourplus fera beu

51



parlexpericeedicelles figures. & (quelles toutelfois les ppotions particulicres
des perfonues ne lont pas precifement obleruees: car cell bne autre marime (pes
culation/dout cp nelk aucunienét touchie:imais les quantites e leurs grandeurs
fignament/ qui font au propos: et les edtfices ne font pas pourfrais ne varies ou
enrechis de fueillages et diuers fignes/ a toute plenitude/ (carmaintes choles (e
mettent en grans volutries/qui font dernozees) pour les petis efpaces/ et melie
veindultrienp ont elteiuis queles prncipauly traiy/pour plulfacle coception
lart et delenure. Lequel cunrenelt demain depaitre tmars i qui atne les paitres
etavtifans/ct tous binds:qui aur queransles principes i la perlpective deMuld/
quels il a peu confupz des liures/euures/a ozacles/ ou collatios/de trelperits/pal
fant parles fins d¢lozraine a bolu et effe curicur mettre par efcript. Oultre les
quels principes/maints fecrets font delanoble fubtilite de painture/a querir pac
longueerudition de pluldocts et mailtres en la feience dite/ et par actuel contuit
ou regart/ auecparmeluree obfiguration ¢f contrefacturedes chofes uaturelles
et arfificiales. Aulonrplus/les obinions ou choles moins explozees des feulp/
teurs non cncozes trits ou frofes) et du pourtraiant percurrent la fixieme decate
Yueidlét dreMerles boians: parfailans le tout au piufeau doulx et gracienx. A la
loenge du fonuerain artific dicu/ pere/ fils/ et faint efpit Duia perlpicer ef cons
templeria citeroialede (a founeraine maielte/ bueille conduire tous pacifics vis
ateurs delaterre:en la quelle come nos peres fomes etraingiers cf pelerins:

PB:o cunctis o2af,
Lelluiqui acelivrefait
Bzie pour tous de cueur pfait
Et fupplietrelbumblement
PBzer pour lui pareilieiment
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Abesoptimelector: €D trelbonlecteur/ prefent as freffacile abzegiedela

perfpectine politine/ actelte en pluleurs manieres defigures ef exemples.
Duquel nerequier grauite ou aoznemét de paroles/mais plusle fens au fit pres
pofedelaglairededieu pacedes artifics. Soutelfois a plulgrat declaration des
choles precedétes:elt aadioulter/car es premis articles Adbuc: Yinozatio: Di/
sinutio:efquels e faite mencion des figures/entens de celles qui fupnent (di/
fament lalettre/ es quatre derrenders fueillets du premier quaterne, E¢en lars
ticle P:oinde(qui el ledernicr) ou el touchie X figures/eft a entendre e celles
qui fone cotenues es quatre quaternes enfupuans/fignes Xo: £:D: &: delquel
les/ celles qui font contennes on fucillet 0.1, lont dernonratines de eriger edis
fices furleurs plates founes:les aulis deld quatrequaternes/ont leurs fpeciales
differenices/et en ptreont elfeimprimees comeelles font benues es mais des ou
uriers:affin quo ne penfeozdze eireneceMaive entredcelles, Dultreplus/larigle
queleliureappellenouna/les artifans tes gaules dient Ninecau, Etles founes
queled liurenommeplaines/ le(d artifans appellent plates founes: Lefquelles
plates formes font cormencees ef dzellees parles paueiniens aptetment pourtrais/
adudbzes ef confideres furiceulrles efpaces a dikances on melures oppoztunes,
Enquop failant eff requile intentefpeculacon. figure ouale et oblongue/a la
femblacedun oeuf, figurelenticulaire/aproche plusdela fperale:touteffois netk
pasronde. Hection eft ol bueligne trefpale lautre,

ffinis,  £ans deo,
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