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PREFACE



A singular fatality has ruled the destiny of nearly all the nost
famous of Leonardo da Vinci's works. Two of the three nost inportant
were never conpleted, obstacles having arisen during his life-tinme,
whi ch obliged himto | eave them unfini shed; nanely the Sforza
Monurent and the WAll-painting of the Battle of Anghiari, while the
third--the picture of the Last Supper at M an--has suffered
irrenediable injury fromdecay and the repeated restorations to
which it was reckl essly subjected during the XVIIth and XVilIith
centuries. Neverthel ess, no other picture of the Renai ssance has
becone so wel | known and popul ar through copi es of every description

Vasari says, and rightly, in his Life of Leonardo, "that he | aboured
much nore by his word than in fact or by deed", and the biographer
evidently had in his mnd the nunerous works in Manuscript which
have been preserved to this day. To us, now, it seens al nost

i nexplicable that these valuable and interesting original texts
shoul d have renmai ned so | ong unpublished, and indeed forgotten. It
is certain that during the XVith and XVIiIth centuries their
exceptional value was highly appreciated. This is proved not nerely
by the prices which they cormanded, but al so by the exceptiona

i nterest which has been attached to the change of ownership of
nmerely a few pages of Manuscript.

That, notwi thstanding this eagerness to possess the Manuscripts,
their contents remmi ned a nystery, can only be accounted for by the
many and great difficulties attending the task of deciphering them
The handwiting is so peculiar that it requires considerable
practice to read even a few detached phrases, much nore to sol ve
with any certainty the nunerous difficulties of alternative

readi ngs, and to nmaster the sense as a connected whol e. Vasari
observes with reference to Leonardos witing: "he wote backwards,
in rude characters, and with the |eft hand, so that any one who is
not practised in reading them cannot understand thenl. The aid of a
mrror in reading reversed handwiting appears to ne avail able only
for a first experinental reading. Speaking frommy own experience,
the persistent use of it is too fatiguing and inconvenient to be
practically advi sabl e, considering the enornous mass of Mnuscripts
to be deciphered. And as, after all, Leonardo's handwiting runs
backwards just as all Oriental character runs backwards--that is

to say fromright to left--the difficulty of reading direct fromthe
witing is not insuperable. This obvious peculiarity in the witing
is not, however, by any neans the only obstacle in the way of
mastering the text. Leonardo nade use of an orthography peculiar to
hi nsel f; he had a fashion of anmal gamati ng several short words into
one long one, or, again, he would quite arbitrarily divide a |ong
word into two separate hal ves; added to this there is no punctuation
what ever to regul ate the division and construction of the sentences,
nor are there any accents--and the reader may inmagi ne that such
difficulties were al nost sufficient to make the task seema
desperate one to a beginner. It is therefore not surprising that the
good intentions of sonme of Leonardo s nobst reverent adnmirers should
have fail ed.

Leonardos literary | abours in various departnents both of Art and of
Sci ence were those essentially of an enquirer, hence the analytica
met hod is that which he enploys in arguing out his investigations
and di ssertations. The vast structure of his scientific theories is
consequently built up of nunerous separate researches, and it is



much to be lamented that he should never have collated and arranged
them His love for detailed research--as it seens to ne--was the
reason that in alnost all the Manuscripts, the different paragraphs
appear to us to be in utter confusion; on one and the sane page,
observations on the nost dissimlar subjects follow each ot her

wi t hout any connection. A page, for instance, will begin with sone
principles of astronony, or the nmotion of the earth; then come the
| aws of sound, and finally sonme precepts as to col our. Another page
will begin with his investigations on the structure of the

i ntestines, and end with phil osophical remarks as to the relations
of poetry to painting; and so forth.

Leonardo hinself |amented this confusion, and for that reason | do
not think that the publication of the texts in the order in which
they occur in the originals would at all fulfil his intentions. No
reader could find his way through such a | abyrinth; Leonardo hinself
coul d not have done it.

Added to this, nore than half of the five thousand nmanuscri pt pages
which now remain to us, are witten on | oose | eaves, and at present
arranged in a manner which has no justification beyond the fancy of
the collector who first brought themtogether to make vol unes of
nore or | ess extent. Nay, even in the volunmes, the pages of which
were nunbered by Leonardo hinself, their order, so far as the
connection of the texts was concerned, was obviously a matter of
indifference to him The only point he seens to have kept in view,
when first witing down his notes, was that each observation should
be complete to the end on the page on which it was begun. The
exceptions to this rule are extrenely few, and it is certainly
noteworthy that we find in such cases, in bound volunes with his
nunbered pages, the written observations: "turn over", "This is the
continuation of the previous page", and the like. Is not this
sufficient to prove that it was only in quite exceptional cases that
the witer intended the consecutive pages to remain connected, when
he should, at last, carry out the often planned arrangenent of his
witings?

What this final arrangenent was to be, Leonardo has in npbst cases
i ndi cated with considerabl e conpl eteness. In other cases this
authoritative clue is wanting, but the difficulties arising from
this are not insuperable; for, as the subject of the separate
paragraphs is always distinct and well defined in itself, it is
qui te possible to construct a well-planned whole, out of the
scattered materials of his scientific system and | nmay venture to
state that | have devoted especial care and thought to the due
execution of this responsible task

The begi nning of Leonardo's literary |abours dates from about his
thirty-seventh year, and he seens to have carried them on w thout
any serious interruption till his death. Thus the Manuscripts that
remain represent a period of about thirty years. Wthin this space
of time his handwiting altered so little that it is inpossible to
judge fromit of the date of any particular text. The exact dates,

i ndeed, can only be assigned to certain note-books in which the year
is incidentally indicated, and in which the order of the |eaves has
not been altered since Leonardo used them The assistance these
afford for a chronol ogi cal arrangenment of the Manuscripts is
generally self evident. By this clue | have assigned to the origina
Manuscri pts now scattered through England, Italy and France, the
order of their production, as in many matters of detail it is highly
inmportant to be able to verify the time and place at which certain



observations were nmade and registered. For this purpose the

Bi bl i ography of the Manuscripts given at the end of Vol. Il, may be
regarded as an Index, not far short of conplete, of all Leonardo s
literary works now extant. The consecutive nunbers (from 1l to 1566)
at the head of each passage in this work, indicate their |ogica
sequence with reference to the subjects; while the letters and
figures to the left of each paragraph refer to the origina
Manuscri pt and nunber of the page, on which that particul ar passage
is to be found. Thus the reader, by referring to the List of
Manuscripts at the beginning of Volune I, and to the Bibliography at
the end of Volune |1, can, in every instance, easily ascertain, not
merely the period to which the passage bel ongs, but also exactly
where it stood in the original docunment. Thus, too, by follow ng the
sequence of the nunbers in the Bibliographical index, the reader may
reconstruct the original order of the Manuscripts and reconpose the
various texts to be found on the original sheets--so much of it,
that is to say, as by its subject-matter came within the scope of
this work. It may, however, be here observed that Leonardo s
Manuscripts contain, besides the passages here printed, a great
nunber of notes and dissertati ons on Mechanics, Physics, and sone

ot her subjects, many of which could only be satisfactorily dealt
with by specialists. | have given as conplete a review of these
witings as seenmed necessary in the Bibliographical notes.

In 1651, Raphael Trichet Dufresne, of Paris, published a selection
fromLeonardo's witings on painting, and this treatise becane so
popul ar that it has since been reprinted about two-and-twenty tines,
and in six different |anguages. But none of these editions were
derived fromthe original texts, which were supposed to have been
lost, but fromearly copies, in which Leonardo's text had been nore
or less mutilated, and which were all fragmentary. The ol dest and on
the whol e the best copy of Leonardo's essays and precepts on
Painting is in the Vatican Library; this has been tw ce printed,
first by Manzi, in 1817, and secondly by Ludwig, in 1882. Still,
this ancient copy, and the published editions of it, contain nuch
for which it would be rash to hold Leonardo responsible, and sone
portions--such as the very inportant rules for the proportions of
the human figure--are wholly wanting; on the other hand they contain
passages which, if they are genuine, cannot now be verified from any
ori gi nal Manuscript extant. These copies, at any rate neither give
us the original order of the texts, as witten by Leonardo, nor do
they afford any substitute, by connecting themon a rational schene;
i ndeed, in their chaotic confusion they are anything rather than
satisfactory reading. The fault, no doubt, rests with the conpiler
of the Vatican copy, which would seemto be the source whence al

the published and extensively known texts were derived; for, instead
of arranging the passages hinmself, he was satisfied with recording a
suggestion for a final arrangenent of theminto eight distinct

parts, without attenpting to carry out his schene. Under the

m st aken idea that this plan of distribution mght be that, not of
the conpiler, but of Leonardo hinself, the various editors, down to
the present day, have very injudiciously continued to adopt this
order--or rather disorder.

I, like other enquirers, had given up the original Manuscript of the
Trattato della Pittura for lost, till, in the beginning of 1880, |
was enabl ed, by the liberality of Lord Ashburnham to inspect his
Manuscripts, and was so happy as to discover anong themthe origina
text of the best-known portion of the Trattato in his nagnificent
library at Ashburnham Pl ace. Though this discovery was of a fragnent
only--but a considerable fragnment--inciting ne to further search,



it gave the key to the nystery which had so | ong envel oped the first
origin of all the known copies of the Trattato. The extensive
researches | was subsequently enabl ed to prosecute, and the results
of which are conmbined in this work, were only rendered possible by
the unrestricted permission granted nme to investigate all the
Manuscri pts by Leonardo di spersed throughout Europe, and to
reproduce the highly inportant original sketches they contain, by
the process of "photogravure". Her Majesty the Queen graciously
accorded ne special permission to copy for publication the
Manuscripts at the Royal Library at Wndsor. The Commi ssion Central e
Admi nistrative de |'Institut de France, Paris, gave nme, in the nost
|iberal manner, in answer to an application fromSir Frederic
Leighton, P. R A., Corresponding menber of the Institut, free

perm ssion to work for several nonths in their private collection at
deci phering the Manuscripts preserved there. The sane favour which
Lord Ashburnham had al ready granted ne was extended to ne by the
Earl of Leicester, the Marchese Trivulsi, and the Curators of the
Anbrosian Library at Mlan, by the Conte Manzoni at Ronme and by
other private owners of Mnuscripts of Leonardo's; as also by the
Directors of the Louvre at Paris; the Accadem a at Venice; the

U fizi at Florence; the Royal Library at Turin; and the British
Museum and the South Kensington Museum | am also greatly indebted
to the Librarians of these various collections for nmuch assistance
in my |labours; and nore particularly to Mnsieur Louis Lal anne, of
the Institut de France, the Abbate Ceriani, of the Anbrosian

Li brary, M. Maude Thonpson, Keeper of Manuscripts at the British
Museum M. Hol nes, the Queens Librarian at Wndsor, the Revd Vere
Bayne, Librarian of Christ Church College at Oxford, and the Revd A
Napi er, Librarian to the Earl of Leicester at Hol kham Hal |

In correcting the Italian text for the press, | have had the

advant age of val uabl e advice fromthe Comendatore G ov. Morelli
Senat ore del Regno, and from Signor Qustavo Frizzoni, of MIlan. The
translation, under many difficulties, of the Italian text into
English, is mainly due to Ms. R C Bell; while the rendering of
several of the mpbst puzzling and inportant passages, particularly in
the second half of Vol. I, | owe to the indefatigable interest taken
inthis work by M. E. J. Poynter R A Finally | must express mny
thanks to M. Alfred Marks, of Long Ditton, who has nost kindly
assisted ne throughout in the revision of the proof sheets.

The notes and dissertations on the texts on Architecture in Vol. |1
| owe to ny friend Baron Henri de Geynuller, of Paris.

I may further nmention with regard to the illustrations, that the
negatives for the production of the "photo-gravures" by Mnsieur
Dujardin of Paris were all taken direct fromthe originals.

It is scarcely necessary to add that nost of the draw ngs here
reproduced in facsimle have never been published before. As | am
now, on the term nation of a work of several years' duration, in a

position to review the general tenour of Leonardos witings, | may
perhaps be permitted to add a word as to ny own estimate of the
val ue of their contents. | have already shown that it is due to

not hing but a fortuitous succession of unfortunate circumstances,
that we should not, |ong since, have known Leonardo, not nerely as a
Pai nter, but as an Author, a Phil osopher, and a Naturalist. There
can be no doubt that in nore than one departnment his principles and
di scoveries were infinitely more in accord with the teachings of
modern science, than with the views of his contenporaries. For this
reason his extraordinary gifts and nerits are far nore likely to be



appreciated in our own tinme than they coul d have been during the
preceding centuries. He has been unjustly accused of having
squandered his powers, by beginning a variety of studies and then,
havi ng hardly begun, throwing them aside. The truth is that the

| abours of three centuries have hardly sufficed for the el ucidation
of some of the problenms which occupied his nighty m nd.

Al exander von Hunbol dt has borne witness that "he was the first to
start on the road towards the point where all the inpressions of our
senses converge in the idea of the Unity of Nature" Nay, yet nore
may be said. The very words which are inscribed on the nonunent of
Al exander von Hunbol dt hinself, at Berlin, are perhaps the nost
appropriate in which we can sumup our estinmate of Leonardo's

geni us:

"Mpj estati naturae par ingenium"”
LONDON, April 1883.

F. P. R
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The author's intention to publish his MS
1.

How by a certain machine many may stay sone tinme under water. And
how and wherefore | do not describe ny nethod of remaining under

wat er and how long | can remain wi thout eating. And | do not publish
nor divul ge these, by reason of the evil nature of men, who woul d
use them for assassinations at the bottom of the sea by destroying
shi ps, and sinking them together with the nen in them Neverthel ess
I will inpart others, which are not dangerous because the mouth of
the tube through which you breathe is above the water, supported on
air sacks or cork.

[ Footnote: The leaf on which this passage is witten, is headed with
the words _Casi_ 39, and nost of these cases begin with the word

' Cone_ ', like the two here given, which are the 26th and 27th. 7.
_Sughero_. In the Codex Antlanticus 377a; 1170a there is a sketch,
drawn with the pen, representing a nan with a tube in his nouth, and
at the farther end of the tube a disk. By the tube the word

' Channa_' is witten, and by the disk the word ' _sughero '.]

The preparation of the MSS. for publication
2

When you put together the science of the notions of water, renmenber
to include under each proposition its application and use, in order
that this science may not be usel ess. --

[ Footnote: A conparatively small portion of Leonardo's notes on
wat er - power was published at Bol ogha in 1828, under the title: " Del
moto e msura dell'Acqua, di L. da Vinci_".]

Admonition to readers.

3.

Let no man who is not a Mathematician read the el enments of ny work.
The disorder in the MS

4.

Begun at Florence, in the house of Piero di Braccio Martelli, on the
22nd day of March 1508. And this is to be a collection w thout
order, taken from nmany papers which | have copied here, hoping to
arrange themlater each in its place, according to the subjects of
which they may treat. But | believe that before | amat the end of
this [task] | shall have to repeat the sane things several tines;
for which, Oreader! do not blanme ne, for the subjects are many and
menory cannot retain them[all] and say: 'I will not wite this
because | wote it before.' And if | wished to avoid falling into
this fault, it would be necessary in every case when | wanted to
copy [a passage] that, not to repeat nyself, | should read over al
that had gone before; and all the nmore since the intervals are |ong
bet ween one tinme of witing and the next.



[ Footnote: 1. In the history of Florence in the early part of the
XVIth century Piero di Braccio Martelli_is frequently nentioned as
_Commissario della Signoria . He was fanobus for his |earning and at
his death | eft four books on Mathenmatics ready for the press; conp.
LITTA, _Famiglie celebri Italiane , Fanmiglia Martelli di
Firenze_.--In the Oficial Catalogue of MSS. in the Brit. Mis., New
Series Vol. |I., where this passage is printed, Barto_has been
wrongly given for Braccio.

2. _addi 22 di marzo 1508_. The Christian era was computed in
Florence at that time fromthe Incarnation (Lady day, March 25th).
Hence this should be 1509 by our reckoning.

3. racolto tratto di nolte carte le quali io ho qui copiate . W
must suppose that Leonardo neans that he has copied out his own MS
and not those of others. The first thirteen |l eaves of the M5. in the
Brit. Mus. are a fair copy of sone notes on physics.]

Suggestions for the arrangenent of MSS treating of particular
subj ects. (5-8).

5

O digging a canal. Put this in the Book of useful inventions and in
proving thembring forward the propositions already proved. And this
is the proper order; since if you wished to show t he useful ness of
any plan you would be obliged again to devise new machi nes to prove
its utility and thus would confuse the order of the forty Books and
al so the order of the diagrans; that is to say you woul d have to mx
up practice with theory, which would produce a confused and

i ncoherent work.

6

I amnot to blane for putting forward, in the course of nmy work on
sci ence, any general rule derived froma previous concl usion

7

The Book of the science of Mechanics nust precede the Book of usefu
i nventions. --Have your books on anatony bound! [Footnote: 4. The
nunerous notes on anatony witten on | oose | eaves and now in the
Royal collection at Wndsor can best be classified in four Books,
corresponding to the different character and size of the paper. Wen
Leonardo speaks of ' Ii tua libri di notoma_ ', he probably neans
the MSS. which still exist; if this hypothesis is correct the
present condition of these |eaves mi ght seemto prove that he only
carried out his purpose with one of the Books on anatomy. A borrowed

book on Anatony is nentioned in F. O]
8.

The order of your book nust proceed on this plan: first sinple
beans, then (those) supported from bel ow, then suspended in part,
then whol ly [suspended]. Then beans as supporting other weights

[ Footnote: 4. Leonardo's notes on Mechanics are extraordinarily
nunerous; but, for the reasons assigned in ny introduction, they
have not been included in the present work.].

General introductions to the book on Painting (9-13).

9



I NTRODUCT! ON

Seeing that |I can find no subject specially useful or

pl easi ng--since the nen who have cone before nme have taken for their
own every useful or necessary thenme--1 nust do |like one who, being
poor, cones last to the fair, and can find no other way of providing
hinsel f than by taking all the things already seen by other buyers,
and not taken but refused by reason of their |esser value. |, then,
will load nmy hunbl e pack with this despised and rejected

mer chandi se, the refuse of so many buyers; and will go about to
distribute it, not indeed in great cities, but in the poorer towns,
taking such a price as the wares | offer may be worth. [Footnote: It
need hardly be pointed out that there is in this 'Proemi o' a covert
irony. In the second and third prefaces, Leonardo characterises his
rivals and opponents nore closely. His protest is directed agai nst
Neo-l atinismas professed by nost of the humanists of his tine; its
futility is now no | onger questioned.]

10.
I NTRODUCT! ON

I know that many will call this useless work [Footnote: 3. questa
essere opera inutile. By opera we nust here understand libro d
pittura and particularly the treatise on Perspective.]; and they
will be those of whom Denetrius [Footnote: 4. Denetrio. "Wth regard
to the passage attributed to Denetrius", Dr. H MILER STRUBI NG
wites, "I know not what to nmake of it. It is certainly not
Denetrius Phalereus that is neant and it can hardly be Denetrius

Pol i orcetes. Who then can it be--for the nane is a very conmopn one?
It may be a clerical error for Demades and the nmaximis quite in the
spirit of his witings | have not however been able to find any
correspondi ng passage either in the 'Fragments' (C. MILER, _Orat.
Att. , Il. 441) nor in the Supplenents collected by D ETZ (_Rhein.
Mus. , vol. 29, p. 108)."

The sane passage occurs as a sinple Menorandumin the Ms. Tr. 57,
apparently as a note for this ' Proenmio ' thus affording sonme data
as to the tinme where these introductions were witten.] declared
that he took no nore account of the wind that cane out their nouth
in words, than of that they expelled fromtheir |ower parts: nen who
desire nothing but material riches and are absol utely devoid of that
of wisdom which is the food and the only true riches of the m nd.
For so nmuch nore worthy as the soul is than the body, so nuch nore
nobl e are the possessions of the soul than those of the body. And
often, when | see one of these nmen take this work in his hand, |
wonder that he does not put it to his nose, |like a nonkey, or ask ne
if it is something good to eat.

[ Footnote: In the original, the Proem o di prospettiva cioe
dell"uffitio dell'occhio (see No. 21) stands between this and the
precedi ng one, No. 9.]

I NTRCDUCT! ON

I amfully concious that, not being a literary nan, certain
presunpt uous persons will think that they may reasonably bl anme ne;
alleging that | amnot a man of letters. Foolish fol ks! do they not
know that | might retort as Marius did to the Roman Patri ci ans

[ Footnote 21: Cone Mario disse ai patriti Romani . "I amunable to
find the words here attributed by Leonardo to Marius, either in



Plutarch's Life of Marius or in the Apophthegmata (_Mralia_,
p.202). Nor do they occur in the witings of Valerius Mxinmus (who
frequently nentions Marius) nor in Velleius Paterculus (Il, 11 to
43), Dio Cassius, Aulus Cellius, or Macrobius. Professor E
MENDELSON of Dorpat, the editor of Herodian, assures me that no such
passage is the found in that author" (comunication fromDr. MILER
STRUBI NG . Leonardo evidently neant to allude to sone well known
incident in Roman history and the nention of Marius is the result
probably of sonme confusion. W may perhaps read, for Marius,
Meneni us Agrippa, though in that case it is true we nust alter
Patriti to Plebei. The change is a serious one. but it would render
the passage perfectly clear.] by saying: That they, who deck
thensel ves out in the |abours of others will not allow me ny own.
They will say that |, having no literary skill, cannot properly
express that which | desire to treat of [Footnote 26: |e mie cose
che d' altra parola_. This can hardly be reconciled wth Mns.
RAVAI SSON' S estimate of L. da Vinci's learning. "_Leonard de Vinci
etait un admirateur et un disciple des anciens, aussi bien dans
|"art que dans la science et il tenait a passer pour tel nene aux
yeux de |a posterite. " Gaz. des Beaux arts. Cct. 1877.]; but they
do not know that ny subjects are to be dealt with by experience
rat her than by words [Footnote 28: See Footnote 26]; and

[experience] has been the nmistress of those who wote well. And so,
as mistress, | will cite her in all cases.

11.

Though | nmay not, like them be able to quote other authors, | shal

rely on that which is nuch greater and nore worthy:--on experience,
the mstress of their Masters. They go about puffed up and ponpous,
dressed and decorated with [the fruits], not of their own | abours,
but of those of others. And they will not allow me ny own. They will
scorn ne as an inventor; but how nuch nore m ght they--who are not

i nventors but vaunters and decl ai mers of the works of others--be

bl aned.

I NTRODUCTI ON

And those men who are inventors and interpreters between Nature and
Man, as conpared with boasters and decl ai mers of the works of
others, must be regarded and not otherw se esteened than as the
object in front of a mrror, when conmpared with its image seen in
the mirror. For the first is something in itself, and the other

not hi ngness. --Fol ks little indebted to Nature, since it is only by
chance that they wear the human formand without it | night class
themwi th the herds of beasts.

12.

Many will think they nmay reasonably blane nme by alleging that ny
proofs are opposed to the authority of certain nmen held in the

hi ghest reverence by their inexperienced judgnments; not considering
that nmy works are the issue of pure and sinple experience, who is
the one true mstress. These rules are sufficient to enable you to
know the true fromthe false--and this aids men to ook only for
things that are possible and with due noderation--and not to wap
yourself in ignorance, a thing which can have no good result, so
that in despair you would give yourself up to nel ancholy.

13.

Anmong all the studies of natural causes and reasons Light chiefly



delights the behol der; and anpbng the great features of Mathematics
the certainty of its denonstrations is what preeninently (tends to)
el evate the nind of the investigator. Perspective, therefore, nust
be preferred to all the discourses and systens of human |learning. In
this branch [of science] the beamof light is explained on those

met hods of denonstration which formthe glory not so nuch of

Mat hemati cs as of Physics and are graced with the flowers of both

[ Footnote: 5. Such of Leonardo's notes on Optics or on Perspective
as bear exclusively on Mathematics or Physics could not be included

in the arrangenment of the libro di pittura_ which is here presented
to the reader. They are however but few. ]. But its axions being laid
down at great length, | shall abridge themto a conclusive brevity,

arrangi ng themon the nethod both of their natural order and of

mat hemat i cal denonstration; sonetinmes by deduction of the effects
fromthe causes, and sonetines arguing the causes fromthe effects;
addi ng al so to my own concl usi ons sonme whi ch, though not included in
them may neverthel ess be inferred fromthem Thus, if the Lord--who
is the light of all things--vouchsafe to enlighten ne, | wll treat
of Light; wherefore | will divide the present work into 3 Parts

[ Footnote: 10. In the niddle ages--for instance, by ROGER BACON, by
VI TELLONE, wi th whose works Leonardo was certainly faniliar, and by
all the witers of the Renai ssance Perspective and Optics were not
regarded as distinct sciences. Perspective, indeed, is in its widest
application the science of seeing. A though to Leonardo the two
sciences were clearly separate, it is not so as to their names; thus
we find axions in Optics under the headi ng Perspective. According to
this arrangement of the materials for the theoretical portion of the
_libro di pittura_ propositions in Perspective and in Optics stand
side by side or occur alternately. Al though this particular chapter
deals only with Optics, it is not inprobable that the words partiro
|la presente opera in 3 parti_ may refer to the sane division into
three sections which is spoken of in chapters 14 to 17.].

The plan of the book on Painting (14--17).
14.
ON THE THREE BRANCHES OF PERSPECTI VE.

There are three branches of perspective; the first deals with the
reasons of the (apparent) dimnution of objects as they recede from
the eye, and is known as Dininishing Perspective.--The second
contains the way in which colours vary as they recede fromthe eye.
The third and |l ast is concerned with the explanation of how the
objects [in a picture] ought to be less finished in proportion as
they are renote (and the nanes are as foll ows):

Li near Perspective. The Perspective of Colour. The Perspective of
Di sappear ance.

[ Footnote: 13. Fromthe character of the handwiting | infer that
this passage was witten before the year 1490.].

15.
ON PAI NTI NG AND PERSPECTI VE.

The divi sions of Perspective are 3, as used in draw ng; of these,
the first includes the dinminution in size of opaque objects; the
second treats of the dimnution and | oss of outline in such opaque
objects; the third, of the diminution and | oss of colour at |ong
di st ances.



[ Footnote: The division is here the same as in the previous chapter
No. 14, and this is worthy of note when we connect it with the fact
that a space of about 20 years must have intervened between the
witing of the two passages.]

16.
THE DI SCOURSE ON PAI NTI NG

Per spective, as bearing on drawing, is divided into three principa
sections; of which the first treats of the diminution in the size of
bodies at different distances. The second part is that which treats
of the dimnution in colour in these objects. The third [deals wth]
the di m ni shed distinctness of the forms and outlines displayed by
the objects at various distances.

17.
ON THE SECTI ONS OF [ THE BOOK ON] PAI NTI NG

The first thing in painting is that the objects it represents should
appear in relief, and that the grounds surrounding them at different
di stances shall appear within the vertical plane of the foreground
of the picture by nmeans of the 3 branches of Perspective, which are:
the dimnution in the distinctness of the forns of the objects, the
dimnution in their magnitude; and the dimnution in their col our.
And of these 3 classes of Perspective the first results from/[the
structure of] the eye, while the other two are caused by the

at mosphere which intervenes between the eye and the objects seen by
it. The second essential in painting is appropriate action and a due
variety in the figures, so that the men may not all |ook like
brothers, &c.

[ Footnote: This and the two foregoing chapters nust have been
witten in 1513 to 1516. They undoubtedly indicate the schenme which
Leonardo wi shed to carry out in arranging his researches on
Perspective as applied to Painting. This is inportant because it is
an evi dence agai nst the supposition of H LUDWG and ot hers, that
Leonardo had collected his principles of Perspective in one book so
early as before 1500; a Book which, according to the hypothesis,

must have been lost at a very early period, or destroyed possibly,
by the French (!) in 1500 (see HH LUDWG L. da Vinci: _Das Buch van
der Malerei . Vienna 1882 |11, 7 and 8).]

The use of the book on Painting.
18.

These rules are of use only in correcting the figures; since every
man nmakes sone nistakes in his first conpositions and he who knows
them not, cannot anmend them But you, know ng your errors, wll
correct your works and where you find m stakes anend them and
renenber never to fall into themagain. But if you try to apply
these rules in conposition you will never nake an end, and wl|l
produce confusion in your works.

These rules will enable you to have a free and sound judgnent; since
good judgnent is born of clear understanding, and a cl ear
under st andi ng cones of reasons derived from sound rul es, and sound
rules are the issue of sound experience--the common not her of al

the sciences and arts. Hence, bearing in mnd the precepts of ny
rules, you will be able, nerely by your anended judgnent, to



criticise and recognise every thing that is out of proportion in a
wor k, whether in the perspective or in the figures or any thing
el se.

Necessity of theoretical know edge (19. 20).
19.
OF THE M STAKES MADE BY THOSE WHO PRACTI SE W THOUT KNOW.EDGE

Those who are in love with practice wthout know edge are like the
sailor who gets into a ship wthout rudder or conpass and who never
can be certain whether he is going. Practice nust always be founded
on sound theory, and to this Perspective is the guide and the
gateway; and without this nothing can be done well in the nmatter of
dr awi ng.

20.

The painter who draws nerely by practice and by eye, wi thout any
reason, is like a mrror which copies every thing placed in front of
it without being conscious of their existence.

The function of the eye (21-23).
21.
| NTRODUCTI ON TO PERSPECTI VE: - - THAT IS OF THE FUNCTI ON OF THE EYE

Behol d here O reader! a thing concerning which we cannot trust our
forefathers, the ancients, who tried to define what the Soul and
Life are--which are beyond proof, whereas those things, which can at
any tine be clearly known and proved by experience, remnmined for
many ages unknown or falsely understood. The eye, whose function we
so certainly know by experience, has, down to nmy own tinme, been
defined by an infinite nunmber of authors as one thing; but | find,
by experience, that it is quite another. [Footnote 13: Conpare the
note to No. 70.]

[ Footnote: In section 13 we already find it indicated that the study
of Perspective and of Optics is to be based on that of the functions
of the eye. Leonardo also refers to the science of the eye, in his
astronom cal researches, for instance in Ms. F 25b ' O di ne del
provare la terra essere una stella: Inprima difinisce |'occhio' _,

&c. Conpare also Ms. E 15b and F 60b. The principles of astronom ca
per spective. ]

22.

Here [in the eye] forns, here colours, here the character of every
part of the universe are concentrated to a point; and that point is
so marvellous a thing ... Oh! nmarvell ous, O stupendous Necessity--by
thy laws thou dost conpel every effect to be the direct result of
its cause, by the shortest path. These [indeed] are niracles;..

In so small a space it can be reproduced and rearranged in its whole
expanse. Describe in your anatomy what proportion there is between
the dianmeters of all the images in the eye and the distance from
them of the crystalline |ens.

23.

OF THE 10 ATTRIBUTES OF THE EYE, ALL CONCERNED | N PAI NTI NG



Painting is concerned with all the 10 attributes of sight; which
are: --Darkness, Light, Solidity and Col our, Form and Position,

Di stance and Propinquity, Mdtion and Rest. This little work of mne
will be a tissue [of the studies] of these attributes, rem nding the
pai nter of the rules and nethods by which he should use his art to
imtate all the works of Nature which adorn the worl d.

24.
ON PAI NTI NG
Variability of the eye.

1st. The pupil of the eye contracts, in proportion to the increase
of light which is reflected in it. 2nd. The pupil of the eye expands
in proportion to the dimnution in the day light, or any other
light, that is reflected in it. 3rd. [Footnote: 8. The subject of
this third proposition we find fully discussed in M5. G 44a.]. The
eye perceives and recogni ses the objects of its vision with greater
intensity in proportion as the pupil is nore widely dilated; and
this can be proved by the case of nocturnal aninmals, such as cats,
and certain birds--as the ow and others--in which the pupil varies
in a high degree fromlarge to small, &., when in the dark or in
the light. 4th. The eye [out of doors] in an illum nated atnosphere
sees darkness behind the wi ndows of houses which [neverthel ess] are
light. 5th. Al colours when placed in the shade appear of an equa
degree of darkness, anong thenselves. 6th. But all col ours when

placed in a full light, never vary fromtheir true and essentia
hue.

25.

OF THE EYE.

Focus of sight.

If the eye is required to | ook at an object placed too near to it,

it cannot judge of it well--as happens to a man who tries to see the
tip of his nose. Hence, as a general rule, Nature teaches us that an
obj ect can never be seen perfectly unless the space between it and
the eye is equal, at least, to the length of the face.

Di fferences of perception by one eye and by both eyes (26-29).
26.
OF THE EYE.

When both eyes direct the pyramd of sight to an object, that object
becones clearly seen and conprehended by the eyes.

27.

oj ects seen by one and the sane eye appear sonetines |arge, and
sonetines smal | .

28.

The notion of a spectator who sees an object at rest often mmkes it
seem as though the object at rest had acquired the notion of the
nmovi ng body, while the noving person appears to be at rest.

ON PAI NTI NG



ojects in relief, when seen froma short distance with one eye,

| ook Iike a perfect picture. If you ook with the eye a , b at
the spot ¢, this point ¢ wll appear to be at d, f , and if
you look at it with the eye g, h_ wll appear to be at m. A

pi cture can never contain in itself both aspects.

29.

Let the object inrelief _t_ be seen by both eyes; if you will |ook
at the object with the right eye m, keeping the left eye n_ shut,
the object will appear, or fill up the space, at _a ; and if you

shut the right eye and open the left, the object (will occupy the)
space b ; and if you open both eyes, the object will no |onger
appear at _a_or _b , but at e, r , f . Wy will not a picture
seen by both eyes produce the effect of relief, as [real] relief
does when seen by both eyes; and why should a picture seen with one
eye give the same effect of relief as real relief would under the

same conditions of |ight and shade?

[ Footnote: In the sketch, m is the left eye and _n_ the right,
while the text reverses this lettering. W nust therefore suppose
that the face in which the eyes m and n_ are placed is opposite
to the spectator.]

30.

The conparative size of the i mage depends on the amobunt of [|ight
(30-39).

The eye will hold and retain in itself the inmage of a |uni nous body
better than that of a shaded object. The reason is that the eye is
initself perfectly dark and since two things that are alike cannot
be distinguished, therefore the night, and other dark objects cannot
be seen or recognised by the eye. Light is totally contrary and

gi ves nore distinctness, and counteracts and differs fromthe usua
darkness of the eye, hence it |eaves the inpression of its inage.

31.

Every object we see will appear larger at mdnight than at m dday,
and larger in the norning than at m dday.

Thi s happens because the pupil of the eye is nuch smaller at nidday
than at any other tine.

32.

The pupil which is largest will see objects the largest. This is

evi dent when we | ook at |um nous bodies, and particularly at those
in the sky. Wen the eye cones out of darkness and suddenly | ooks up
at these bodies, they at first appear |arger and then di m nish; and
if you were to | ook at those bodies through a small opening, you
woul d see themsnaller still, because a snaller part of the pupi
woul d exercise its function.

[ Footnote: 9. _buso_ in the Lonb. dialect is the sane as _buco_.]
33.

When the eye, com ng out of darkness suddenly sees a | um nous body,
it will appear nuch larger at first sight than after |ong | ooking at
it. The illum nnated object will look larger and nore brilliant, when



seen with two eyes than with only one. A | um nous object will appear
smal ler in size, when the eye sees it through a smaller opening. A

| um nous body of an oval formw || appear rounder in proportion as
it is farther fromthe eye.

34.

Why when the eye has just seen the light, does the half |ight |ook
dark to it, and in the sanme way if it turns fromthe darkness the
hal f |ight | ook very bright?

35.

ON PAI NTI NG

If the eye, when [out of doors] in the |um nous atnobsphere, sees a

pl ace in shadow, this will |look very nmuch darker than it really is

Thi s happens only because the eye when out in the air contracts the
pupil in proportion as the atnosphere reflected in it is nore

| um nous. And the nore the pupil contracts, the |l ess |umnous do the
obj ects appear that it sees. But as soon as the eye enters into a
shady pl ace the darkness of the shadow suddenly seens to di ninish
Thi s occurs because the greater the darkness into which the pupi
goes the nore its size increases, and this increase nakes the
darkness seem | ess.

[ Footnote 14: La luce entrera_. _Luce_ occurs here in the sense of
pupil of the eye as in no 51: C. A 84b; 245a; |--5; and in many
ot her pl aces.]

36.
ON PERSPECTI VE.

The eye which turns froma white object in the light of the sun and
goes into a less fully lighted place will see everything as dark

And this happens either because the pupils of the eyes which have
rested on this brilliantly lighted white object have contracted so
much that, given at first a certain extent of surface, they wll
have | ost nore than 3/4 of their size; and, lacking in size, they
are al so deficient in [seeing] power. Though you might say to ne: A
little bird (then) conming down woul d see conparatively little, and
fromthe smallness of his pupils the white might seemblack! To this
I should reply that here we nust have regard to the proportion of
the mass of that portion of the brain which is given up to the sense
of sight and to nothing else. O--to return--this pupil in Man

dil ates and contracts according to the brightness or darkness of
(surroundi ng) objects; and since it takes sone tine to dilate and
contract, it cannot see imedi ately on going out of the light and
into the shade, nor, in the sane way, out of the shade into the
light, and this very thing has al ready deceived me in painting an
eye, and fromthat | learnt it.

37.

Experiment [showi ng] the dilatation and contraction of the pupil
fromthe notion of the sun and other luminaries. In proportion as
the sky is darker the stars appear of larger size, and if you were
to light up the nediumthese stars would | ook smaller; and this
difference arises solely fromthe pupil which dilates and contracts
with the amount of light in the nediumwhich is interposed between
the eye and the |um nous body. Let the experinent be nade, by



pl aci ng a candl e above your head at the same tine that you | ook at a
star; then gradually lower the candle till it is on a level with the
ray that conmes fromthe star to the eye, and then you will see the
star dimnish so much that you will alnost |ose sight of it.

[ Footnote: No reference is made in the text to the letters on the
acconpanyi ng di agram ]

38.

The pupil of the eye, in the open air, changes in size with every
degree of nmotion fromthe sun; and at every degree of its changes
one and the sane object seen by it will appear of a different size;
al t hough nost frequently the relative scale of surroundi ng objects
does not allow us to detect these variations in any single object we
may | ook at.

39.

The eye--which sees all objects reversed--retains the imges for
sonme time. This conclusion is proved by the results; because, the
eye having gazed at light retains some inpression of it. After

| ooking (at it) there remain in the eye i nages of intense

bri ghtness, that nake any less brilliant spot seemdark until the
eye has lost the last trace of the inpression of the stronger light.

.
Li near Perspective.

We see clearly fromthe concludi ng sentence of section 49, where the
author directly addresses the painter, that he nust certainly have
intended to include the elenents of mathematics in his Book on the
art of Painting. They are therefore here placed at the beginning. In
section 50 the theory of the "Pyramd of Sight" is distinctly and
expressly put forward as the fundanental principle of Iinear
perspective, and sections 52 to 57 treat of it fully. This theory of
sight can scarcely be traced to any author of antiquity. Such
passages as occur in Euclid for instance, may, it is true, have
proved suggestive to the painters of the Renai ssance, but it would
be rash to say any thing decisive on this point.

Leon Battista Al berti treats of the "Pyramid of Sight" at sone
length in his first Book of Painting; but his explanation differs

wi dely from Leonardo's in the details. Leonardo, |ike Al berti, may
have borrowed the broad lines of his theory from some views conmonly
accepted anong painters at the time; but he certainly worked out its
application in a perfectly original manner.

The axioms as to the perception of the pyranmid of rays are foll owed
by explanations of its origin, and proofs of its universa
application (58--69). The author recurs to the subject with endl ess
variations; it is evidently of fundanmental inportance in his
artistic theory and practice. It is unnecessary to discuss how far
this theory has any scientific value at the present day; so nuch as
this, at any rate, seens certain: that fromthe artist's point of
viewit may still claimto be of imrense practical utility.

According to Leonardo, on one hand, the | aws of perspective are an
i nal i enabl e condition of the existence of objects in space; on the
other hand, by a natural law, the eye, whatever it sees and wherever
it turns, is subjected to the perception of the pyramd of rays in



the formof a mnute target. Thus it sees objects in perspective

i ndependently of the will of the spectator, since the eye receives
the i mages by neans of the pyramid of rays "just as a nmagnet
attracts iron".

In connection with this we have the function of the eye expl ai ned by
the Canera obscura, and this is all the nore interesting and

i mportant because no witer previous to Leonardo had treated of this
subj ect _ (70--73). _Subsequent passages, of no |l ess special interest,
betray his know edge of refraction and of the inversion of the inage
in the canera and in the eye_ (74--82).

_Fromthe principle of the transm ssion of the inmage to the eye and
to the canmera obscura he deduces the neans of produci ng an
artificial construction of the pyramd of rays or--which is the sane
thing--of the imge. The fundanental axions as to the angle of sight
and t he vani shing point are thus presented in a nanner which is as
conmplete as it is sinple and intelligible_ (86--89).

_Leonardo di stinguishes between sinple and conpl ex perspective_ (90,
91). _The last sections treat of the apparent size of objects at
various distances and of the way to estimate it_ (92--109).

General remarks on perspective (40-41).

40.

ON PAI NTI NG

Perspective is the best guide to the art of Painting.
[ Footnote: 40. Conpare 53, 2.]

41.

The art of perspective is of such a nature as to nmake what is flat
appear in relief and what is in relief flat.

The el ements of perspective--Of the Point (42-46).
42.

Al'l the problens of perspective are made clear by the five ternms of
mat hemat i ci ans, which are:--the point, the line, the angle, the
superficies and the solid. The point is unique of its kind. And the
poi nt has neither height, breadth, |length, nor depth, whence it is
to be regarded as indivisible and as having no dinmensions in space.
The line is of three kinds, straight, curved and sinuous and it has
neit her breadth, height, nor depth. Hence it is indivisible,
excepting in its length, and its ends are two points. The angle is
the junction of two lines in a point.

43.

A point is not part of a line.
44.

OF THE NATURAL PO NT.

The snall est natural point is larger than all mathenmatical points,
and this is proved because the natural point has continuity, and any
thing that is continuous is infinitely divisible; but the

mat hermati cal point is indivisible because it has no size.



[ Footnote: This definition was inserted by Leonardo on a MS. copy on
parchment of the well-known "Trattato d Architettura civile e

mlitare" &c. by FRANCESCO DI G ORA O opposite a passage where the
author says: _'In prima he da sapere che punto e quella parie della

qual e he nulla--Linia he |uncheza senza api eza; &c.]
45.

1, The superficies is alimtation of the body. 2, and the
limtation of a body is no part of that body. 4, and the Iimtation
of one body is that which begins another. 3, that which is not part
of any body is nothing. Nothing is that which fills no space.

If one single point placed in a circle nay be the starting point of
an infinite nunber of lines, and the term nation of an infinite
number of lines, there nust be an infinite nunber of points
separable fromthis point, and these when reunited becone one again;
whence it follows that the part nay be equal to the whole.

46.

The point, being indivisible, occupies no space. That which occupies
no space is nothing. The limting surface of one thing is the

begi nning of another. 2. That which is no part of any body is called
nothing. 1. That which has no limtations, has no form The
limtations of two conterm nous bodi es are interchangeably the
surface of each. Al the surfaces of a body are not parts of that
body.

O the line (47-48).
47.
DEFI NI TI ON OF THE NATURE OF THE LI NE

The Iine has in itself neither matter nor substance and nay rather
be called an imaginary idea than a real object; and this being its
nature it occupies no space. Therefore an infinite nunber of lines
may be conceived of as intersecting each other at a point, which has
no di mensions and is only of the thickness (if thickness it may be
call ed) of one single line.

HOW VEE MAY CONCLUDE THAT A SUPERFI CI ES TERM NATES I N A PO NT?

An angul ar surface is reduced to a point where it terninates in an
angle. O, if the sides of that angle are produced in a straight
Iine, then--beyond that angl e--another surface is generated,
smal l er, or equal to, or larger than the first.

48.
OF DRAW NG OUTLI NE

Consider with the greatest care the formof the outlines of every
obj ect, and the character of their undul ations. And these
undul ati ons nust be separately studied, as to whether the curves are
conposed of arched convexities or angul ar concavities.

49.

The nature of the outline.



The boundari es of bodies are the |least of all things. The
proposition is proved to be true, because the boundary of a thing is
a surface, which is not part of the body contained wthin that
surface; nor is it part of the air surrounding that body, but is the
medi um i nt er post ed between the air and the body, as is proved in its
pl ace. But the lateral boundaries of these bodies is the |line
form ng the boundary of the surface, which Iine is of invisible

t hi ckness. Wherefore O painter! do not surround your bodies with
|ines, and above all when representing objects snmaller than nature;
for not only will their external outlines become indistinct, but
their parts will be invisible fromdistance

50.
Definition of Perspective.

[Drawi ng i s based upon perspective, which is nothing else than a

t horough know edge of the function of the eye. And this function
sinply consists in receiving in a pyramd the forms and col ours of
all the objects placed before it. | say in a pyram d, because there
is no object so snall that it will not be larger than the spot where
these pyramids are received into the eye. Therefore, if you extend
the lines fromthe edges of each body as they converge you wl|l
bring themto a single point, and necessarily the said |lines nust
forma pyram d.]

[ Perspective is nothing nore than a rational denonstration applied
to the consideration of how objects in front of the eye transmt
their image to it, by means of a pyranmid of lines. The Pyramd_is
the nane | apply to the lines which, starting fromthe surface and
edges of each object, converge froma distance and neet in a single
poi nt . ]

[ Perspective is a rational denobnstration, by which we may
practically and clearly understand how objects transnt their own
imge, by lines formng a Pyramd (centred) in the eye.]

Perspective is a rational denonstration by which experience confirns
that every object sends its inage to the eye by a pyranid of I|ines;
and bodi es of equal size will result in a pyranid of |arger or
smal | er size, according to the difference in their distance, one
fromthe other. By a pyramid of lines | mean those which start from
the surface and edges of bodies, and, converging froma distance
meet in a single point. A point is said to be that which [having no
di mensi ons] cannot be divided, and this point placed in the eye
receives all the points of the cone.

[ Footnote: 50. 1-5. Conpare with this the Proem No. 21. The
par agr aphs pl aced in brackets: lines 1-9, 10-14, and 17--20, are
evidently mere sketches and, as such, were cancelled by the witer;
but they serve as a comentary on the final paragraph, |ines 22-29.]

51.
I'N WHAT WAY THE EYE SEES OBJECTS PLACED I N FRONT OF IT.
The perception of the object depends on the direction of the eye.

Supposing that the ball figured above is the ball of the eye and | et
the small portion of the ball which is cut off by the line _s t_ be
the pupil and all the objects mrrored on the centre of the face of
the eye, by neans of the pupil, pass on at once and enter the pupil



passing through the crystalline hunmour, which does not interfere in
the pupil with the things seen by neans of the light. And the pupi
havi ng recei ved the objects, by nmeans of the light, imrediately
refers themand transnits themto the intellect by the line _a b_.
And you nust know that the pupil transmits nothing perfectly to the
intellect or conmon sense excepting when the objects presented to it
by nmeans of light, reach it by the line _a b;_ as, for instance, by
the line b c_. For although the lines mn_and f g_ nmay be seen
by the pupil they are not perfectly taken in, because they do not
coincide with the line a b _. And the proof is this: If the eye,
shown above, wants to count the letters placed in front, the eye
will be obliged to turn fromletter to letter, because it cannot

di scern themunless they lie in the line _a b;_ as, for instance, in
the line ac_. Al visible objects reach the eye by the lines of a
pyram d, and the point of the pyranmid is the apex and centre of it,
in the centre of the pupil, as figured above.

[ Footnote: 51. In this problemthe eye is conceived of as fixed and
i Mmovable; this is plain fromline 11.]

Experimental proof of the existence of the pyrami d of sight (52-55).
52.

Perspective is a rational denonstration, confirned by experience,
that all objects transmt their image to the eye by a pyranid of
I'i nes.

By a pyramd of lines | understand those |ines which start fromthe
edges of the surface of bodies, and converging froma distance, neet
in asingle point; and this point, in the present instance, | wll
show to be situated in the eye which is the universal judge of al
objects. By a point | nean that which cannot be divided into parts;
therefore this point, which is situated in the eye, being

i ndivisible, no body is seen by the eye, that is not |larger than
this point. This being the case it is inevitable that the |ines
which cone fromthe object to the point nust forma pyramd. And if
any nman seeks to prove that the sense of sight does not reside in
this point, but rather in the black spot which is visible in the

m ddl e of the pupil, | mght reply to himthat a small object could
never dimnish at any distance, as it mght be a grain of mllet or
of oats or of sonme simlar thing, and that object, if it were |arger
than the said [black] spot woul d never be seen as a whole; as may be
seen in the diagrambelow. Let a . be the seat of sight, b e_ the
lines which reach the eye. Let e d_ be the grains of nmllet within
these lines. You plainly see that these will never dimnish by

di stance, and that the body mn_ could not be entirely covered by
it. Therefore you nmust confess that the eye contains within itself
one single indivisible point _a , to which all the points converge
of the pyramid of lines starting froman object, as is shown bel ow.
Let a . b . bethe eye; in the centre of it is the point above
mentioned. If theline e f_ is to enter as an image into so snall
an opening in the eye, you nust confess that the smaller object
cannot enter into what is smaller than itself unless it is

di m ni shed, and by dimnishing it nust take the formof a pyram d.

53.
PERSPECTI VE.

Per spective cones in where judgnent fails [as to the distance] in
obj ects which dimnish. The eye can never be a true judge for



determining with exactitude how near one object is to another which
is equal to it [in size], if the top of that other is on the |eve

of the eye which sees themon that side, excepting by neans of the
vertical plane which is the standard and gui de of perspective. Let
~n_be the eye, e f_the vertical plane above nentioned. Let _a b ¢
d_ be the three divisions, one below the other; if the lines _a n_
and ¢ n_ are of a given length and the eye n_is in the centre,
then _a b_ wll look as large as b c. ¢ d_is |lower and farther off
from _n_, therefore it will look smaller. And the sane effect wll
appear in the three divisions of a face when the eye of the painter
who is drawing it is on a level with the eye of the person he is

pai nti ng.

54.
TO PROVE HOW OBJECTS REACH THE EYE.

If you | ook at the sun or sone other |um nous body and then shut
your eyes you will see it again inside your eye for a long tine.
This is evidence that inmages enter into the eye.

The rel ations of the distance points to the vani shing point (55-56).
55.
ELEMENTS OF PERSPECTI VE.

Al'l objects transmit their image to the eye in pyranmids, and the
nearer to the eye these pyranids are intersected the smaller wll
the i mage appear of the objects which cause them Therefore, you may
intersect the pyramid with a vertical plane [Footnote 4: Pariete_.
Conpare the definitions in 85, 2-5, 6-27. These lines refer
exclusively to the third diagram For the better understanding of
this it should be observed that _¢ s_ must be regarded as
representing the section or profile of a square plane, placed

hori zontally (conp. lines 11, 14, 17) for which the word _pianura_

i s subsequently enployed (20, 22). Lines 6-13 contain certain
prelim nary observations to guide the reader in understanding the
diagram the last three seemto have been added as a suppl enent.
Leonardo's mistake in witing _t denota_ (line 6) for _f denota_ has
been rectified.] which reaches the base of the pyramd as is shown
in the plane _a n_.

The eye f_ and the eye 't are one and the sane thing; but the eye
_f_marks the distance, that is to say how far you are standing from
the object; and the eye 't shows you the direction of it; that is
whet her you are opposite, or on one side, or at an angle to the

obj ect you are | ooking at. And renenber that the eye f_and the eye
_t_ must always be kept on the sane |evel. For exanple if you raise
or lower the eye fromthe distance point f_ you nust do the sane
with the direction point t . And if the point _f_ shows how far the
eye is distant fromthe square plane but does not show on which side
it is placed--and, if in the sanme way, the point 't show s _the
direction and not the distance, in order to ascertain both you nust
use both points and they will be one and the sane thing. If the eye
_f_could see a perfect square of which all the sides were equal to
the distance between _s and c , and if at the nearest end of the
side towards the eye a pole were placed, or sonme other straight

obj ect, set up by a perpendicular line as shown at r s _--then,

say, that if you were to look at the side of the square that is
nearest to you it will appear at the bottomof the vertical plane _r
s _, and then look at the farther side and it would appear to you at



the height of the point n_ on the vertical plane. Thus, by this
exanpl e, you can understand that if the eye is above a nunber of
objects all placed on the same | evel, one beyond another, the nore
renote they are the higher they will seem up to the level of the
eye, but no higher; because objects placed upon the | evel on which
your feet stand, so long as it is flat--even if it be extended into
infinity--would never be seen above the eye; since the eye has in
itself the point towards which all the cones tend and converge which
convey the inmages of the objects to the eye. And this point always
coincides with the point of dimnution which is the extreme of al
we can see. And fromthe base line of the first pyramd as far as

t he di ni ni shing poi nt

[ Footnote: The two di agrams above the chapter are explained by the
first five lines. They have, however, nore letters than are referred
toin the text, a circunmstance we frequently find occasion to
remark. ]

56.

there are only bases wi thout pyrami ds which constantly dimnish up
to this point. And fromthe first base where the vertical plane is
pl aced towards the point in the eye there will be only pyram ds

wi t hout bases; as shown in the exanple given above. Now, let a b_
be the said vertical plane and r_ the point of the pyramd
termnating in the eye, and _n_ the point of dimnution which is
always in a straight line opposite the eye and al ways noves as the
eye noves--just as when a rod is noved its shadow noves, and noves
with it, precisely as the shadow noves with a body. And each point
is the apex of a pyranid, all having a commpn base with the

i ntervening vertical plane. But although their bases are equal their
angl es are not equal, because the dinminishing point is the
termination of a smaller angle than that of the eye. If you ask ne:
"By what practical experience can you show ne these points?"
reply--so far as concerns the dimnishing point which noves with you
--when you wal k by a ploughed field | ook at the straight furrows

whi ch cone down with their ends to the path where you are wal ki ng,
and you will see that each pair of furrows will |ook as though they
tried to get nearer and neet at the [farther] end.

[ Footnote: For the easier understanding of the diagramand of its
connection with the preceding | may here remark that the square

pl ane shown above in profile by the line _¢ s_ is here indicated by
e do p_. According tolines 1, 3 _a b_ nust be imagi ned as a pl ane
of glass placed perpendicularly at o p_.]

57.
How to nmeasure the pyram d of vision

As regards the point in the eye; it is made nore intelligible by
this: If you look into the eye of another person you will see your
own image. Now i magine 2 lines starting fromyour ears and going to
the ears of that imge which you see in the other nan's eye; you
wi Il understand that these lines converge in such a way that they
would neet in a point alittle way beyond your own image mirrored in
the eye. And if you want to nmeasure the dimnution of the pyramd in
the air which occupies the space between the object seen and the
eye, you nust do it according to the diagramfigured below. Let _m
n_be atowr, and _e f_ a, rod, which you nust nove backwards and
forwards till its ends correspond with those of the tower [Footnote
9: | sua strem .. della storre_ (its ends ... of the tower) this



is the case at e f_.]; then bring it nearer to the eye, at ¢ d_
and you will see that the inage of the tower seens snmaller, as at _r
0_. Then [again] bring it closer to the eye and you will see the rod
project far beyond the image of the tower from_a_ to _b_ and from
't _to b, and so you will discern that, a little farther within,
the lines nmust converge in a point.

The Production of pyram d of Vision (58-60).

58.
PERSPECTI VE.
The instant the atnosphere is illuminated it will be filled with an

infinite nunber of inages which are produced by the various bodies
and col ours assenbled in it. And the eye is the target, a |oadstone,
of these images.

59.

The whol e surface of opaque bodies displays its whole image in all
the illum nated atnosphere which surrounds themon all sides.

60.

That the atnosphere attracts to itself, like a |oadstone, all the

i mges of the objects that exist init, and not their forns nerely
but their nature may be clearly seen by the sun, which is a hot and
| um nous body. All the atnobsphere, which is the all-pervadi ng
matter, absorbs light and heat, and reflects in itself the inmage of
the source of that heat and spl endour and, in each m nutest portion,
does the sane. The Northpol e does the sane as the | oadstone shows;
and the nmoon and the other planets, w thout suffering any

dim nution, do the sanme. Anong terrestrial things nmusk does the sane
and ot her perfunes.

61.

Al'l bodies together, and each by itself, give off to the surroundi ng
air an infinite nunmber of inages which are all-pervading and each
compl ete, each conveying the nature, colour and form of the body

whi ch produces it.

It can clearly be shown that all bodies are, by their inmages,

al | -pervading in the surroundi ng atnosphere, and each conplete in
itself as to substance formand colour; this is seen by the imges
of the various bodi es which are reproduced in one single perforation
through which they transmt the objects by Iines which intersect and
cause reversed pyramds, fromthe objects, so that they are upside
down on the dark plane where they are first reflected. The reason of
this is--

[ Footnote: The diagramintended to illustrate the statenent (Pl. |1
No. i) occurs in the original between lines 3 and 4. The three
circles nmust be understood to represent three |uninous bodies which
transmt their inages through perforations in a wall into a dark
chamber, according to a law which is nore fully explained in 75?81
So far as concerns the present passage the diagramis only intended
to explain that the inages of the three bodies my be nade to

coal esce at any given spot. In the circles are witten,
giallo--yell ow, biacho--white, rosso--red.

The text breaks off at line 8. The paragraph No.40 follows here in



the original M. ]
62.

Every point is the termnation of an infinite nunber of lines, which
diverge to forma base, and i medi ately, fromthe base the sane
lines converge to a pyramd [imging] both the colour and form No
sooner is a formcreated or conpounded than suddenly infinite |lines
and angl es are produced fromit; and these lines, distributing
thensel ves and intersecting each other in the air, give rise to an
infinite nunber of angles opposite to each other. G ven a base, each
opposite angle, will forma triangle having a formand proportion
equal to the larger angle; and if the base goes twice into each of
the 2 lines of the pyramid the snaller triangle will do the sane.

63.

Every body in light and shade fills the surrounding air with

infinite imges of itself; and these, by infinite pyranm ds diffused
in the air, represent this body throughout space and on every side.
Each pyranmid that is conposed of a |ong assenbl age of rays includes
within itself an infinite nunber of pyram ds and each has the same

power as all, and all as each. A circle of equidistant pyram ds of
vision will give to their object angles of equal size; and an eye at
each point will see the object of the sane size. The body of the

atmosphere is full of infinite pyram ds conposed of radiating
straight lines, which are produced fromthe surface of the bodies in
I'ight and shade, existing in the air; and the farther they are from
the object which produces themthe nore acute they becone and

al though in their distribution they intersect and cross they never
m ngl e together, but pass through all the surrounding air,

i ndependent |y convergi ng, spreading, and diffused. And they are all
of equal power [and value]; all equal to each, and each equal to
all. By these the inmages of objects are transmtted through al

space and in every direction, and each pyramd, in itself, includes,
in each mnutest part, the whole formof the body causing it.

64.

The body of the atnosphere is full of infinite radiating pyram ds
produced by the objects existing in it. These intersect and cross
each other with i ndependent convergence without interfering with
each other and pass through all the surroundi ng atnosphere; and are
of equal force and value--all being equal to each, each to all. And
by neans of these, inages of the body are transnmitted everywhere and
on all sides, and each receives in itself every m nutest portion of
the object that produces it.

Proof by experinent (65-66).

65.

PERSPECTI VE.

The air is filled with endl ess inages of the objects distributed in
it; and all are represented in all, and all in one, and all in each,
whence it happens that if two mirrors are placed in such a manner as
to face each other exactly, the first will be reflected in the

second and the second in the first. The first being reflected in the
second takes to it the image of itself with all the imges
represented in it, anong which is the image of the second mrror,
and so, inage within inage, they go on to infinity in such a nmanner



as that each mirror has within it a nmirror, each smaller than the

| ast and one inside the other. Thus, by this exanple, it is clearly
proved that every object sends its inage to every spot whence the
object itself can be seen; and the converse: That the same object
may receive in itself all the inmages of the objects that are in
front of it. Hence the eye transnits through the atnosphere its own
imge to all the objects that are in front of it and receives them
into itself, that is to say on its surface, whence they are taken in
by the common sense, which considers themand if they are pleasing
commits themto the nmenory. Wence | am of opinion: That the
invisible images in the eyes are produced towards the object, as the
i mmge of the object to the eye. That the inmages of the objects nust
be di sseninated through the air. An instance nmay be seen in severa
mrrors placed in a circle, which will reflect each other endl essly.
When one has reached the other it is returned to the object that
produced it, and thence--being dimnished--it is returned again to
the object and then comes back once nore, and this happens
endlessly. If you put a light between two flat mirrors with a

di stance of 1 braccio between themyou will see in each of them an
infinite nunber of lights, one smaller than another, to the last. If
at night you put a light between the walls of a room all the parts
of that wall will be tinted with the inage of that light. And they
will receive the light and the light will fall on them nutually,
that is to say, when there is no obstacle to interrupt the

transm ssion of the inages. This sanme exanple is seen in a greater
degree in the distribution of the solar rays which all together, and
each by itself, convey to the object the imge of the body which
causes it. That each body by itself alone fills with its imges the
at nosphere around it, and that the sane air is able, at the sane
time, to receive the inmages of the endl ess other objects which are
init, this is clearly proved by these exanples. And every object is
everywhere visible in the whole of the atnosphere, and the whole in
every smallest part of it; and all the objects in the whole, and al
in each smallest part; each in all and all in every part.

66.

The i mages of objects are all diffused through the atnobsphere which
receives them and all on every side init. To prove this, let _ac
e_ be objects of which the inmages are admtted to a dark chanber by
the small holes _n p_ and thrown upon the plane f i_ opposite to
these holes. As many inmages will be produced in the chanber on the
pl ane as the nunber of the said holes.

67.
Ceneral concl usi ons.

Al'l objects project their whole inmage and |ikeness, diffused and

m ngled in the whol e of the atnobsphere, opposite to thenselves. The
i mge of every point of the bodily surface, exists in every part of
the atnosphere. Al the inmmges of the objects are in every part of

t he at nosphere. The whol e, and each part of the image of the
atnosphere is [reflected] in each point of the surface of the bodies
presented to it. Therefore both the part and the whole of the inmges
of the objects exist, both in the whole and in the parts of the
surface of these visible bodies. Wience we nay evidently say that
the i mage of each object exists, as a whole and in every part, in
each part and in the whole interchangeably in every existing body.
As is seen in two mirrors placed opposite to each other

68.



That the contrary is inpossible.

It is inpossible that the eye should project fromitself, by visua
rays, the visual virtue, since, as soon as it opens, that front
portion [of the eye] which would give rise to this emanati on woul d
have to go forth to the object and this it could not do w thout

time. And this being so, it could not travel so high as the sun in a
month's tinme when the eye wanted to see it. And if it could reach
the sun it would necessarily follow that it should perpetually
remain in a continuous line fromthe eye to the sun and shoul d

al ways diverge in such a way as to form between the sun and the eye
the base and the apex of a pyramid. This being the case, if the eye
consisted of a mllion worlds, it would not prevent its being
consunmed in the projection of its virtue; and if this virtue would
have to travel through the air as perfunes do, the w nds woul d bent
it and carry it into another place. But we do [in fact] see the nmass
of the sun with the sane rapidity as [an object] at the distance of
a braccio, and the power of sight is not disturbed by the bl ow ng of
the wi nds nor by any other accident.

[ Footnote: The view here refuted by Leonardo was mai ntai ned anong
others by Bramantino, Leonardo's M| anese contenporary. LOVAZZO
wites as follows in his Trattato dell' Arte della pittura &c.
(Mlano 1584. Libr. V cp. XXlI): Sovvienmm di aver gia letto in certi
scritti alcune cose di Bramantino ml anese, celebratissino pittore,
attenente alla prospettiva, le quali ho voluto riferire, e quasi
intessere in questo |uogo, affinche sappianb qual fosse |'opinione
di cosi chiaro e fanbso pittore intorno alla prospettiva . . Scrive
Bramantino che | a prospettiva e una cosa che contrafa il naturale, e
che cio si fain tre nodi

Crca il prinp nodo che si fa con ragione, per essere la cosa in
poche parol e conclusa da Branantino in mani era che giudi co non
potersi dir meglio, contenendovi si tutta Parte del principio a
fine, ioriferiro per appunto le proprie parole sue (cp. XXII, Prima
prospettiva di Bramantino). La prima prospettiva fa le cose d

punto, e l'altra non mai, e la terza piu appresso. Adunque |a prinma
si dimanda prospettiva, cioe ragione, la quale fa |l'effetto dell
occhi o, facendo crescere e calare secondo gli effetti degli occhi
Questo crescere e calare non procede della cosa propria, che in se
per esser lontana, ovvero vicina, per quello effetto non puo

crescere e snminuire, ma procede dagli effetti degli occhi, i qual
sono piccioli, e percio volendo vedere tanto gran cosa_, bisogna che
mandi no fuora la virtu visiva, _la quale si dilata in tanta

| arghezza, che piglia tutto quello che vuoi vedere, ed_ arrivando a
quel la cosa |l a vede dove e: e da lei agli occhi per quello circuito
fino all' occhio, e tutto quello termine e pieno di quella cosa_.

It is worthy of note that Leonardo had nade his menorandum refuting
this view, at Mlan in 1492]

69.
A parallel case

Just as a stone flung into the water becomes the centre and cause of
many circles, and as sound diffuses itself in circles in the air: so
any object, placed in the |lum nous atnosphere, diffuses itself in
circles, and fills the surrounding air with infinite imges of
itself. And is repeated, the whole every-where, and the whole in
every smallest part. This can be proved by experinment, since if you



shut a wi ndow that faces west and nake a hole [Footnote: 6. Here the
text breaks off.]

[ Footnote: Conpare LIBRI, _Histoire des sciences nmathemati ques en
Italie_. Tome |11, p. 43.]

The function of the eye as explained by the camera obscura (70. 71).
70.

If the object in front of the eye sends its image to the eye, the
eye, on the other hand, sends its inage to the object, and no
portion whatever of the object is lost in the images it throws off,
for any reason either in the eye or the object. Therefore we may
rather believe it to be the nature and potency of our | um nous

at mosphere whi ch absorbs the inages of the objects existing init,
than the nature of the objects, to send their inages through the
air. If the object opposite to the eye were to send its image to the
eye, the eye would have to do the same to the object, whence it

m ght seemthat these i nages were an enanation. But, if so, it would
be necessary [to admit] that every object becane rapidly smaller;
because each object appears by its images in the surrounding

at mosphere. That is: the whole object in the whol e at nosphere, and
in each part; and all the objects in the whol e atnosphere and all of
themin each part; speaking of that atmosphere which is able to
contain in itself the straight and radiating lines of the inages
projected by the objects. Fromthis it seems necessary to admt that
it is in the nature of the atnmosphere, which subsists between the
obj ects, and which attracts the imges of things to itself like a

| oadst one, being placed between them

PROVE HOW ALL CBJECTS, PLACED I N ONE PCSI TI ON, ARE ALL EVERYWHERE
AND ALL I'N EACH PART.

| say that if the front of a building--or any open piazza or

field--which is illumnated by the sun has a dwelling opposite to
it, and if, in the front which does not face the sun, you nmake a
small round hole, all the illuninated objects will project their

i mges through that hole and be visible inside the dwelling on the
opposite wall which may be nade white; and there, in fact, they wll
be upside down, and if you make sinilar openings in several places

in the same wall you will have the sanme result fromeach. Hence the
i mges of the illum nated objects are all everywhere on this wal
and all in each nminutest part of it. The reason, as we clearly know,

is that this hole nust adnit sone light to the said dwelling, and
the light adnmitted by it is derived fromone or many | um nous
bodies. If these bodies are of various col ours and shapes the rays
form ng the i mages are of various colours and shapes, and so wl|
the representations be on the wall

[ Footnote: 70. 15--23. This section has already been published in the
" _Saggio delle Qpere di Leonardo da Vinci_" MIlan 1872, pp. 13, 14.
G CGovi observes upon it, that Leonardo is not to be regarded as the
i nventor of the Camera obscura, but that he was the first to explain
by it the structure of the eye. An account of the Camera obscura
first occurs in CESARE CESARINI's Italian version of Vitruvius, pub
1523, four years after Leonardo's death. Cesarini expressly nanes
Benedetti no Don Papnutio as the inventor of the Camera obscura. In
hi s expl anation of the function of the eye by a comparison with the
Canera obscura Leonardo was the precursor of G CARDANO, Professor
of Medicine at Bol ogna (died 1576) and it appears highly probable
that this is, in fact, the very discovery which Leonardo ascribes to



hinself in section 21 without giving any further details.]
71.

HOW THE | MAGES OF OBJECTS RECEI VED BY THE EYE | NTERSECT W THI N THE
CRYSTALLI NE HUMOUR CF THE EYE.

An experiment, showi ng how objects transmt their inmages or
pictures, intersecting within the eye in the crystalline hunour, is
seen when by some snall round hol e penetrate the inmges of

illum nated objects into a very dark chanber. Then, receive these

i mges on a white paper placed within this dark room and rather near
to the hole and you will see all the objects on the paper in their
proper forms and col ours, but nuch smaller; and they will be upside
down by reason of that very intersection. These inages being
transmitted froma place illum nated by the sun will seem actually
pai nted on this paper which nust be extrenely thin and | ooked at
frombehind. And let the little perforation be nade in a very thin
plate of iron. Let a b e d e_be the object illuninated by the sun
and _o r_ the front of the dark chamber in which is the said hole at
nm. Let s t_be the sheet of paper intercepting the rays of the
i mges of these objects upside down, because the rays being
straight, _a on the right hand becones k_ on the left, and _e on
the left becones f_ on the right; and the sane takes pl ace inside
the pupil.

[ Footnote: This chapter is already known through a translation into
French by VENTURI. Conpare his '_Essai sur |es ouvrages

physi co- mat hemati ques de L. da Vinci avec des fragnments tires de ses
Manuscrits, apportes de |'ltalie. Lu a la prem ere classe de
I"Institut national des Sciences et Arts.' Paris, An V_ (1797).]

The practice of perspective (72. 73).
72.

In the practice of perspective the same rules apply to light and to
the eye.

73.

The object which is opposite to the pupil of the eye is seen by that
pupil and that which is opposite to the eye is seen by the pupil

Refraction of the rays falling upon the eye (74. 75)
74.

The lines sent forth by the image of an object to the eye do not
reach the point within the eye in straight |ines

75.

If the judgnment of the eye is situated within it, the straight |ines
of the images are refracted on its surface because they pass through
the rarer to the denser nedium 1f, when you are under water, you

| ook at objects in the air you will see themout of their true

pl ace; and the sane with objects under water seen fromthe air.

The intersection of the rays (76-82).

76.



The inversion of the inages.

Al'l the images of objects which pass through a wi ndow [ gl ass pane]
fromthe free outer air to the air confined within walls, are seen
on the opposite side; and an object which noves in the outer air
fromeast to west will seemin its shadow, on the wall which is
lighted by this confined air, to have an opposite notion

77.

THE PRI NCI PLE ON WHI CH THE | MAGES OF BODI ES PASS | N BETWEEN THE
MARG NS OF THE OPENI NGS BY WHI CH THEY ENTER

VWhat difference is there in the way in which images pass through
narr ow openi ngs and through | arge openings, or in those which pass
by the sides of shaded bodi es? By noving the edges of the opening
through which the inmages are admitted, the images of imovable
objects are made to nove. And this happens, as is shown in the 9th
whi ch denonstrates: [Footnote 11: _per la 9a che dicie_. Wen
Leonardo refers thus to a nunber it serves to indicate margina
diagrans; this can in sone instances be distinctly proved. The ninth
sketch on the page W L. 145 b corresponds to the m ddl e sketch of
the three reproduced.] the images of any object are all everywhere,
and all in each part of the surrounding air. It follows that if one
of the edges of the hole by which the images are admtted to a dark
chamber is noved it cuts off those rays of the inage that were in
contact with it and gets nearer to other rays which previously were
remote fromit &c.

OF THE MOVEMENT OF THE EDGE AT THE RI GHT OR LEFT, OR THE UPPER, OR
LONER EDGE

If you nove the right side of the opening the inage on the left wll
move [being that] of the object which entered on the right side of
the opening; and the same result will happen with all the other
sides of the opening. This can be proved by the 2nd of this which
shows: all the rays which convey the i nages of objects through the
air are straight lines. Hence, if the inmages of very |arge bodies
have to pass through very small holes, and beyond these hol es
recover their large size, the lines nmust necessarily intersect.

[ Footnote: 77. 2. In the first of the three diagrams Leonardo had
drawn only one of the two margins, et m.]

78.

Necessity has provided that all the inmages of objects in front of
the eye shall intersect in two places. One of these intersections is
in the pupil, the other in the crystalline lens; and if this were

not the case the eye could not see so great a nunber of objects as
it does. This can be proved, since all the |lines which intersect do
so in a point. Because nothing is seen of objects excepting their
surface; and their edges are lines, in contradistinction to the
definition of a surface. And each minute part of a line is equal to
a point; for _smallest_ is said of that than which nothing can be
smaller, and this definition is equivalent to the definition of the
point. Hence it is possible for the whole circunference of a circle
to transmt its inmage to the point of intersection, as is shown in
the 4th of this which shows: all the smallest parts of the inmages
cross each other without interfering with each other. These
denonstrations are to illustrate the eye. No i nage, even of the
smal | est object, enters the eye without being turned upside down;



but as it penetrates into the crystalline lens it is once nore
reversed and thus the inage is restored to the sanme position within
the eye as that of the object outside the eye.

79.
OF THE CENTRAL LINE OF THE EYE.

Only one line of the image, of all those that reach the visua
virtue, has no intersection; and this has no sensibl e di nensions
because it is a mathematical |ine which originates froma

mat hemat i cal point, which has no di nmensions.

According to ny adversary, necessity requires that the central |ine

of every image that enters by small and narrow openings into a dark

chamber shall be turned upside down, together with the inages of the
bodies that surround it.

80.

AS TO WHETHER THE CENTRAL LI NE OF THE | MAGE CAN BE | NTERSECTED, OR
NOT, WTH N THE OPENI NG

It is inmpossible that the line should intersect itself; that is,
that its right should cross over to its left side, and so, its left
side becone its right side. Because such an intersection denands two
lines, one fromeach side; for there can be no notion fromright to
left or fromleft to right initself wthout such extension and

t hi ckness as adnmit of such notion. And if there is extension it is
no longer a line but a surface, and we are investigating the
properties of a line, and not of a surface. And as the line, having
no centre of thickness cannot be divided, we nust conclude that the
line can have no sides to intersect each other. This is proved by
the novenent of the line _af_ to _ab_ and of theline e b to _e
f_, which are the sides of the surface _af e b_. But if you nove
the line _ab and theline e f , with the frontends a e , to the
spot _c_, you will have noved the opposite ends _f b_ towards each
other at the point _d . And fromthe two Iines you will have drawn
the straight line _c d_ which cuts the mddle of the intersection of
these two lines at the point _n_ wthout any intersection. For, you
i magi ne these two lines as having breadth, it is evident that by
this nmotion the first will entirely cover the other--being equa
with it--without any intersection, in the position ¢ d_. And this
is sufficient to prove our proposition

81.

HOW THE | NNUMERABLE RAYS FROM | NNUMERABLE | MAGES CAN CONVERCGE TO A
PO NT.

Just as all lines can neet at a point without interfering with each
ot her--being without breadth or thickness--in the same way all the

i mges of surfaces can neet there; and as each given point faces the
obj ect opposite to it and each object faces an opposite point, the
convergi ng rays of the imge can pass through the point and diverge
again beyond it to reproduce and re-magnify the real size of that

i mge. But their inpressions will appear reversed--as is shown in
the first, above; where it is said that every imge intersects as it
enters the narrow openings nmade in a very thin substance.

Read the marginal text on the other side.

In proportion as the opening is smaller than the shaded body, so



much less will the inages transmtted through this opening intersect
each other. The sides of images which pass through openings into a
dark roomintersect at a point which is nearer to the opening in
proportion as the opening is narrower. To prove this let _a b_ be an
object in light and shade whi ch sends not its shadow but the inmage
of its darkened formthrough the opening d e which is as w de as
this shaded body; and its sides _a b _, being straight lines (as has
been proved) nust intersect between the shaded object and the

openi ng; but nearer to the opening in proportion as it is smaller
than the object in shade. As is shown, on your right hand and your
left hand, in the two diagrans _a_ b ¢ n_m _o_ where, the
right opening d_ e , being equal in width to the shaded object _a_
b, the intersection of the sides of the said shaded object occurs
hal f way between the opening and the shaded object at the point c_.
But this cannot happen in the left hand figure, the opening o_
bei ng much smaller than the shaded object n_ m.

It is inpossible that the i mages of objects should be seen between
the objects and the openings through which the i nages of these
bodies are admitted; and this is plain, because where the atnosphere
is illumnated these images are not forned visibly.

When the i mages are made doubl e by nmutually crossing each other they
are invariably doubly as dark in tone. To prove this let _d e h

be such a doubling which although it is only seen within the space

between the bodies in _b_and _i_ this will not hinder its being
seen from _f_ g or from _f_ _m; being conposed of the inmages _a_
_b_ i _k_which run together in _d_ _e_ _h_.

[ Footnote: 81. On the original diagramat the beginning of this
chapter Leonardo has witten " _azurro_ " (blue) where in the
facsimle | have marked A, and " _giallo " (yellow) where B_
st ands. ]

[ Footnote: 15--23. These lines stand between the diagrans | and I11.]
[ Footnote: 24--53. These lines stand between the diagrans | and |1.]
[ Footnote: 54--97 are witten along the left side of diagraml.]

82.

An experiment showi ng that though the pupil may not be noved from
its position the objects seen by it may appear to nove fromtheir
pl aces.

If you |l ook at an object at sonme distance fromyou and which is
bel ow the eye, and fix both your eyes upon it and with one hand
firmy hold the upper Iid open while with the other you push up the
under lid--still keeping your eyes fixed on the object gazed at--you
will see that object double; one [inmage] remmining steady, and the
other noving in a contrary direction to the pressure of your finger
on the | ower eyelid. How false the opinion is of those who say that
thi s happens because the pupil of the eye is displaced fromits

posi tion.

How t he above mentioned facts prove that the pupil acts upside down
i n seeing.

[ Footnote: 82. 14--17. The subject indicated by these two headings is
fully discussed in the two chapters that follow themin the
original; but it did not seemto nme appropriate to include them



here.]

Denostration of perspective by neans of a vertical glass plane
(83-85).

83.
OF THE PLANE OF GLASS

Perspective is nothing el se than seeing place [or objects] behind a
pl ane of glass, quite transparent, on the surface of which the

obj ects behind that glass are to be drawn. These can be traced in
pyram ds to the point in the eye, and these pyram ds are intersected
on the glass pl ane.

84.

Pictorial perspective can never nake an object at the sane distance,
| ook of the sanme size as it appears to the eye. You see that the
apex of the pyramid f c d_is as far fromthe object ¢ d as the
same point f_ is fromthe object _a b ; and yet ¢ d , whichis
the base nade by the painter's point, is smaller than _a_ _b_ which
is the base of the lines fromthe objects converging in the eye and
refracted at st , the surface of the eye. This nmay be proved by
experinent, by the lines of vision and then by the lines of the

pai nter's plunbline by cutting the real lines of vision on one and
the sane plane and neasuring on it one and the sane object.

85.
PERSPECTI VE.

The vertical plane is a perpendicular line, imagined as in front of
the central point where the apex of the pyram ds converge. And this
pl ane bears the sanme relation to this point as a plane of glass
woul d, through which you might see the various objects and draw t hem
on it. And the objects thus drawmn would be snmaller than the
originals, in proportion as the distance between the glass and the
eye was snaller than that between the glass and the objects.

PERSPECTI VE.

The different converging pyram ds produced by the objects, wll
show, on the plane, the various sizes and renoteness of the objects
causi ng them

PERSPECTI VE.

Al'l those horizontal planes of which the extremes are net by
perpendicular lines formng right angles, if they are of equal w dth
the more they rise to the level of eye the less this is seen, and
the more the eye is above themthe nmore will their real width be
seen.

PERSPECTI VE.

The farther a spherical body is fromthe eye the nore you will see
of it.

The angl e of sight varies with the di stance (86-88)
86.

A sinple and natural nethod; showi ng how objects appear to the eye



wi t hout any ot her nedi um

The object that is nearest to the eye always seens |arger than

anot her of the same size at greater distance. The eye _m, seeing
the spaces o v x_, hardly detects the difference between them and
the. reason of this is that it is close to them[Footnote 6: It is
quite inconceivable to ne why M RAVAISSON, in a note to his French
translation of this sinple passage should have remarked: Il est
clair que c'est par erreur que Leonard a ecrit_ per esser visino _au
lieu de_ per non esser visino. (See his printed ed. of Ms. A p.
38.)]; but if these spaces are marked on the vertical plane _n o_
the space o v_wll be seenat or_, and in the same way the space
VvV X_ Wil appear at r g_. And if you carry this out in any place
where you can walk round, it will |ook out of proportion by reason
of the great difference in the spaces or_and r g_. And this
proceeds fromthe eye being so much bel ow [near] the plane that the
pl ane is foreshortened. Hence, if you wanted to carry it out, you
woul d have [to arrange] to see the perspective through a single hole
whi ch nust be at the point m, or else you nust go to a distance of
at least 3 tinmes the height of the object you see. The plane o p_
bei ng al ways equally renote fromthe eye will reproduce the objects
in a satisfactory way, so that they nay be seen from place to place.

87.

How every | arge mass sends forth its inmages, which nmay di m nish
through infinity.

The images of any large nmass being infinitely divisible may be
infinitely dimnished.

88.

oj ects of equal size, situated in various places, will be seen by
different pyram ds which will each be snmaller in proportion as the
object is farther off.

89.

Perspective, in dealing with di stances, makes use of two opposite
pyram ds, one of which has its apex in the eye and the base as

di stant as the horizon. The other has the base towards the eye and
the apex on the horizon. Now, the first includes the [visible]

uni verse, enbracing all the nass of the objects that lie in front of
the eye; as it mght be a vast |andscape seen through a very smal
opening; for the nore renote the objects are fromthe eye, the
greater number can be seen through the opening, and thus the pyramd
is constructed with the base on the horizon and the apex in the eye,
as has been said. The second pyramd is extended to a spot which is
smaller in proportion as it is farther fromthe eye; and this second
perspective [= pyramid] results fromthe first.

90.
SI MPLE PERSPECTI VE.

Si npl e perspective is that which is constructed by art on a vertica
pl ane which is equally distant fromthe eye in every part. Conplex
perspective is that which is constructed on a ground-plan in which
none of the parts are equally distant fromthe eye.

91.



PERSPECTI VE.

No surface can be seen exactly as it is, if the eye that sees it is
not equally renote fromall its edges.

92.

VWHY WHEN AN OBJECT IS PLACED CLOSE TO THE EYE | TS EDGES ARE
I NDI STI NCT.

When an obj ect opposite the eye is brought too close to it, its
edges nust become too confused to be distinguished; as it happens
with objects close to a light, which cast a large and indi stinct
shadow, so is it with an eye which estinmates objects opposite to it;
in all cases of linear perspective, the eye acts in the sane way as
the light. And the reason is that the eye has one | eading |ine (of
vision) which dilates with distance and enbraces with true

di scernment | arge objects at a distance as well as small ones that
are close. But since the eye sends out a nultitude of |ines which
surround this chief central one and since these which are farthest
fromthe centre in this cone of lines are less able to discern with
accuracy, it follows that an object brought close to the eye is not
at a due distance, but is too near for the central line to be able
to discern the outlines of the object. So the edges fall within the
| ines of weaker discerning power, and these are to the function of
the eye |like dogs in the chase which can put up the gane but cannot
take it. Thus these cannot take in the objects, but induce the
central line of sight to turn upon them when they have put them up
Hence the objects which are seen with these |ines of sight have
confused outlines.

The rel ative size of objects with regard to their distance fromthe
eye (93-98).

93.
PERSPECTI VE.

Smal | objects close at hand and | arge ones at a distance, being seen
within equal angles, will appear of the same size.

94.
PERSPECTI VE.

There is no object so large but that at a great distance fromthe
eye it does not appear snaller than a snaller object near

95.

Anmong obj ects of equal size that which is nbst renote fromthe eye
will look the smallest. [Footnote: This axiom sufficiently clear in
itself, is inthe original illustrated by a very |l arge di agram

constructed |ike that here reproduced under No. 108.

The sane idea is repeated in C. A | a; | a, stated as foll ows:
_Infra le cose d' equal grandeza quella si dinobstra di mnor figura
che sara piu distante dall' ochio_.--]

96.

Way an object is |ess distinct when brought near to the eye, and why



with spectacles, or without the naked eye sees badly either close or
far off [as the case nmay be].

97.
PERSPECTI VE.

Anong obj ects of equal size, that which is nbst renbte fromthe eye
will ook the smallest.

98.
PERSPECTI VE.

No second object can be so nmuch I ower than the first as that the eye
will not see it higher than the first, if the eye is above the
second.

PERSPECTI VE.

And this second object will never be so nuch higher than the first
as that the eye, being below them will not see the second as | ower
than the first.

PERSPECTI VE.

If the eye sees a second square through the centre of a snaller one,
that is nearer, the second, |arger square will appear to be
surrounded by the snaller one.

PERSPECTI VE- - PROPCSI TI ON

ojects that are farther off can never be so large but that those in
front, though smaller, will conceal or surround them

DEFI NI TI ON

This proposition can be proved by experinent. For if you | ook
through a snall hole there is nothing so large that it cannot be
seen through it and the object so seen appears surrounded and

encl osed by the outline of the sides of the hole. And if you stop it
up, this smal