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OPTICS

DISCOURSE ONE: LIGHT

The conduct of our life depends entirely on our senses, and since sight is
the noblest and most comprehensive of the senses, inventions which serve
to increase its power are undoubtedly among the most useful there can
be. And it is difficult to find any such inventions which do more to
increase the power of sight than those wonderful telescopes which,
though in use for only a short time, have already revealed a greater
number of new stars and other new objects above the earth than we had
seen there before. Carrying our vision much further than our forebears
could normally extend their imagination, these telescopes seem to have
opened the way for us to attain a knowledge of nature much greater and
more perfect than they possessed . . . But inventions of any compl.ex1ty do
not reach their highest degree of perfection right away, and this one is
still sufficiently problematical to give me cause to write about it. And
since the construction of the things of which I shall speak must depend on
the skill of craftsmen, who usually have little formal education, I shall try
to make myself intelligible to everyone; and 1 shall try not to omit
anything, or to assume anything that requires knowl_edge of other
sciences. This is why I shall begin by explaining light and light-rays; then,
having briefly described the parts of the eye, I shall give a detal!ed
account of how vision comes about; and, after noting all the things which
are capable of making vision more perfect, I shall show how they can be
aided by the inventions which I shall describe.

Now since my only reason for speaking of light here is to explain how
its rays enter into the eye, and how they may be deflected by the various
bodies they encounter, I need not attempt to say what is its true nature. It
will, I think, suffice if 1 use two or three comparisons in order to facilitate
that conception of light which seems most suitable for explaining all
those of its properties that we know through experience and then for
deducing all the others that we cannot observe so easily. In this I am
imitating the astronomers, whose assumptions are almost all false or
uncertain, but who nevertheless draw many very true and certain
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consequences from them because they are related to various observations
they have made,
No doubt you have had the experience of walking at night over rough
round without a light, and finding it necessary to use a stick in order to
guide yourself. You may then have been able to notice that by means of
this stick you could feel the various objects situated around you, and that
you could even tell whether they were trees or stones or sand or water or
grass or mud or any other such thing. It is true that this kind of sensation
is somewhat confused and obscure in those who do not have long
ractice with it. But consider it in those born blind, who have made use
of it all their lives: with them, you will find, it is so perfect and so exact
that one might almost say that they see with their hands, or that their
stick is the organ of some sixth sense given to them in place of sight. In
order to draw a comparison from this, I would have you consider the
light in bodies we call ‘luminous’ to be nothing other than a certain
movement, or very rapid and lively action, which passes to our eyes
through the medium of the air and other transparent bodies, just as the
movement or resistance of the bodies encountered by a blind man passes
to his hand by means of his stick. In the first place this will prevent you
from finding it strange that this light can extend its rays instantaneously
from the sun to us. For you know that the action by which we move one
end of a stick must pass instantaneously to the other end, and that the
action of light would have to pass from the heavens to the earth in the
same way, even though the distance in this case is much greater than that
between the ends of a stick. Nor will you find it strange that by means of
this action we can see all sorts of colours. You may perhaps even be
prepared to believe that in the bodies we call ‘coloured’ the colours are
nothing other than the various ways in which the bodies receive light and
reflect it against our eyes. You have only to consider that the differences a
blind man notes between trees, rocks, water and similar things by means
of his stick do not seem any less to him than the differences between red,
yellow, green and all the other colours seem to us. And yet in all those
bodies the differences are nothing other than the various ways of moving
the stick or of resisting its movements. Hence you will have reason to
conclude that there is no need to suppose that something material passes
from objects to our eyes to make us see colours and light, or even that
there is something in the objects which resembles the ideas or sensations
that we have of them. In just the same way, when a blind man feels
bodies, nothing has to issue from the bodies and pass along his stick to
his hand; and the resistance or movement of the bodies, which is the sole
cause of the sensations he has of them, is nothing like the ideas he forms
of them. By this means, your mind will be delivered from all those little
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images flitting through the air, called ‘intentional forms’,! whie, o
exercise the imagination of the philosophers. You will even find i casy \m
settle the current philosophical debate concerning the origin of the actiop
which causes visual perception. For, just as our blind man can feg] the
bodies around him not only through the action of these bodies when they
move against his stick, but also through the action of his hand when they
do nothing but resist the stick, so we must acknowledge that the objects
of sight can be perceived not only by means of the action in them which jg
directed towards our eyes, but also by the action in our eyes which g
directed towards them. Nevertheless, because the latter action is nothing
other than light, we must note that it is found only in the eyes of thoge
creatures which can see in the dark, such as cats, whereas a man normally
sees only through the action which comes from the objects. For experi-
ence shows us that these objects must be luminous or illuminated in order
to be seen, and not that our eyes must be luminous or illuminated in
order to see them. But because our blind man’s stick differs greatly from
the air and the other transparent bodies through the medium of which we
see, I must make use of yet another comparison. ‘
Consider a wine-vat at harvest time, full to the brim with half-pressed
grapes, in the bottom of which we have made one or two holes through
which the unfermented wine can flow.? Now observe that, since there is
no vacuum in nature (as nearly all philosophers acknowledge), and yet
there are many pores in all the bodies we perceive around us (as
experience can show quite clearly), it is necessary that these pores be
filled with some very subtle and very fluid matter, which extends without
interruption from the heavenly bodies to us. Now, if you compare this
subtle matter with the wine in the vat, and compare the less fluid or
coarser parts of the air and the other transparent bodies with the bunches
of grapes which are mixed in with the wine, you will readily underst.and
the following. The parts of wine at one place tend to go down in a
straight line through one hole at the very instant it is opened, and at the
same time through the other hole, while the parts at other places also
tend at the same time to go down through these two holes, without these
actions being impeded by each other or by the resistance of the bunches
of grapes in the vat. This happens even though the bunches support each
other and so do not tend in the least to go down through the holes, as
does the wine, and at the same time they can even be moved in many
other ways by the bunches which press upon them. In the same way, all
the parts of the subtle matter in contact with the side of the sun facing us

I A reference to the scholastic doctrine that material objects transmit to the soul ‘forms’ or
‘images’ (Fr. espéces, Lat. species) resembling them.
2 A diagram of the wine-vat is omitted here.
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end in 2 straight line towards our eyes at the very instant they are
ened, without these parts impeding each other, and even without their
being impeded by the coarser parts of the transparent bodies which lie
petween them. This happens whether these bodies move in other ways —
jike the air which is almost always agitated by some wind — or are
motionless —say, like glass or crystal, And note here that it is necessary to
distinguish between the movement and the action or the tendency to
move. For we may very easily conceive that the parts of wine at one place
should tend towards one hole and at the same time towards the other,
even though they cannot actually move towards both holes at the same
rime, and that they should tend exactly in a straight line towards one and
rowards the other, even though they cannot move exactly in a straight
line because of the bunches of grapes which are between them. In the
same way, considering that the light of a luminous body must be
regarded as being not so much its movement as its action, you must think
of the rays of light as nothing other than the lines along which this action
tends. Thus there is an infinity of such rays which come from all the
points of a luminous body towards all the points of the bodies it
illuminates, just as you can imagine an infinity of straight lines along
which the ‘actions’ coming from all the points of the surface of the wine
tend towards one hole, and an infinity of others along which the ‘actions’
coming from the same points tend also towards the other hole, without
either impeding the other.

Moreover, these rays must always be imagined to be exactly straight
when they pass through a single transparent body which is uniform
throughout. But when they meet certain other bodies, they are liable to
be deflected by them, or weakened, in the same way that the movement
of a ball or stone thrown into the air is deflected by the bodies it
encounters. For it is very easy to believe that the action or tendency to
move (which, I have said, should be taken for light) must in this respect
obey the same laws as motion itself. In order that I may give a complete
account of this third comparison, consider that a ball passing through the
air may encounter bodies that are soft or hard or fluid. If these bodies
are soft, they completely stop the ball and check its movement, as when it
strikes linen sheets or sand or mud. But if they are hard, they send the ball
in another direction without stopping it, and they do so in many different
ways. For their surface may be quite even and smooth, or rough and
uneven; if even, either flat or curved; if uneven, its unevenness may consist
merely in its being composed of many variously curved parts, each quite
smooth in itself, or also in its having many different angles or points, or
some parts harder than others, or parts which are moving (their
movements being varied in a thousand imaginable ways). And it must be
noted that the ball, besides moving in the simple and ordinary way which
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takes it from one place to another, may move in yet a second wy
turning on its axis, and that the speed of the latter movement may lm\,;
many different relations with that of the former. Thus, when many bqjj
coming from the same direction meet a body whose surface is completely
smooth and even, they are reflected uniformly and in the same order, g
that if this surface is completely flat they keep the same distance betweey,
them after having met it as they had beforehand; and if it is curyeq
inward or outward they come towards each other or go away from eac,
other in the same order, more or less, on account of this curvature . .
is necessary to consider, in the same manner, that there are bodies which
break up the light-rays that meet them and take away all their force
(viz., bodies called ‘black’, which have no colour other than that of
shadows); and there are others which cause the rays to be reflected, some
in the same order as they receive them (viz. bodies with highly polished
surfaces, which can serve as mirrors, both flat and curved), and others in
many directions in complete disarray. Among the latter, again, some
bodies cause the rays to be reflected without bringing about any other
change in their action (viz. bodies we call ‘white’), and others bring about
an additional change similar to that which the movement of a balj
undergoes when we graze it (viz. bodies which are red, or yellow, or biue
or some other such colour). For I believe 1 can determine the nature of
each of these colours, and reveal it experimentally; but this goes beyond
the limits of my subject.” All I need to do here is to point out that the
light-rays falling on bodies which are coloured and not polished are
usually reflected in every direction even if they come from only a single
direction . . . Finally, consider that the rays are also deflected, in the same
way as the ball just described, when they fall obliquely on the surface of a
transparent body and penetrate this body more or less easily than the
body from which they come. This mode of deflection is called ‘refrac-
tion’.

DISCOURSE TWO: REFRACTION

Later on we shall need to know how to determine exactly the quantity of
this refraction, and since the comparison 1 have just used enables this to
be understood quite easily, I think it appropriate for me to try to explain
it here without more ado. I shall speak first about reflection, in order to
make it casier to understand refraction. Let us suppose that a ball
impelled by a tennis racquet from A to B meets at point B the surface of
the ground CBE, which stops its further passage and causes it to be
deflected; and let us see in what direction it will go [Fig. 1]. To avoid

1 Cf. Description of the Human Body, p. 323 below.
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Fig. 1

getting involved in new difficulties, let us assume that the ground is

erfectly flat and hard, and that the ball always travels at a constant
speed, both in its downward passage and in rebounding, leaving aside
entirely the question of the power which continues to move it when it is
no longer in contact with the racquet, and without considering any effect
of its weight, size or shape. For there is no point in going into such details
here, since none of these factors is involved in the action of light to
which the present inquiry must be related. It is only necessary to note that
the power, whatever it may be, which causes the ball to continue moving
is different from that which determines it to move in one direction rather
than another. It is very easy to recognize this from the fact that the
movement of the ball depends upon the force with which it has been
impelled by the racquet, and this same force could have made it move in
any other direction as easily as towards B; whereas the ball’s tending
towards B is determined by the position of the racquet, which could have
determined the ball in the same way even if a different force had moved
it. This shows already that it is not impossible for the ball to be deflected
by its encounter with the ground, and hence that there could be a change
in its determination to tend towards B without any change in the force of
its movement, since these are two different things. Consequently we must
not imagine, as many of our philosophers do, that it is necessary for the
ball to stop at point B for a moment before returning towards F. For if its
motion were once interrupted by such a halt, no cause could be found
which would make it start up again afterwards. Moreover, it must be
noted that not only the determination to move in a certain direction but
also the motion itself, and in general any sort of quantity, can be divided
into all the parts of which we can imagine that it is composed. And we
can easily imagine that the determination of the ball to move from A
towards B is composed of two others, one making it descend from line
AF towards line CE and the other making it at the same time go from the

94

95




96

97

158 Optics

left AC towards the right FE, so that these two determinations joined
together direct it to B along the straight line AB. And then it is eagy
understand that its encounter with the ground can prevent only one qf
these two determinations, leaving the other quite unaffected, For it Must
indeed prevent the one which made the ball descend from AF towars
CE, because the ground occupies all the space below CE. But why shoylq
it prevent the other, which made the ball move to the right, seeing that j;
is not at all opposed to the determination in that direction? So, ¢
discover in precisely what direction the ball must rebound, let us describe
a circle, with its centre at B, which passes through point A; and let us say
that in as much time as the ball will take to move from A to B, it mug;
inevitably return from B to a certain point on the circumference of the
circle. This holds in so far as the circumference contains all the points
which are as far from B as A is, and the ball is supposed to be moving
always at a constant speed. Next, in order to determine precisely to
which point on the circumference the ball must return, let us draw three
straight lines AC, HB, and FE, perpendicular to CE, so that the distance
between AC and HB is neither greater nor less than that between HB and
FE. And let us say that in as much time as the ball took to move towards
the right side from A (one of the points on the line AC) to B (one of those
on the line HB), it must also advance from the line HB to some point on
the line FE. For all the points on the line FE are equidistant from the
corresponding points on HB, as are those on line AC; and also the ball is
as much determined to advance towards that side as it was before. So it is
that the ball cannot arrive simultaneously both at some point on the line
FE and at some point on the circumference of the circle AFD, unless this
point is either D or F, as these are the only two points where the
circumference and the line intersect. Accordingly, since the ground
prevents the ball from passing towards D, it is necessary to conclude that
it must inevitably go towards F. And so you can easily see how reflection
takes place, namely at an angle always equal to the one we call the angle
of incidence. In the same way, if a light-ray coming from point A falls at
point B on the surface of a flat mirror CBE, it is reflected towards F in
such manner that the angle of reflection FBE is neither greater nor less
than the angle of incidence ABC.

We come now to refraction. First let us suppose that a ball impelled
from A towards B encounters at point B not the surface of the earth, buta
linen sheet CBE which is so thin and finely woven that the ball has
enough force to puncture it and pass right through, losing only some of
its speed (say, a half) in doing so. Now given this, in order to know what
path it must follow, let us consider again that its motion is entirely
different from its determination to move in one direction rather than

Optics 159
another — from which it follows that the quantity of these two factors
must be examined separately. And let us also consider that, of the two

arts of which we can imagine this determination to be composed, only
the one which was making the ball tend in a downward direction can be
changed in any way through its colliding with the sheet, while the one
which was making the ball tend to the right must always remain the same
as it was, because the sheet offers no opposition at all to the determina-
tion in this direction. Then, having described the circle AFD with its
centre at B [Fig. 2], and having drawn at right angles to CBE the three
straight lines AC, HB, FE so that the distance between FE and HB is twice
that between HB and AC, we shall see that the ball must tend towards the
point I For, since the ball loses half its speed in passing through the sheet
CBE, it must take twice as much time to descend from B to some point on
the circumference of the circle AFD as it took to go from A to B above the
sheet. And since it loses none of its former determination to advance to
the right, in twice the time it took to pass from the line AC
to HB it must cover twice the distance in the same direction, and con-
sequently it must arrive at some point on the straight line FE simulta-
neously with its reaching some point on the circumference of the circle
AFD. This would be impossible if it did not go towards I, as this is the
only point below the sheet CBE where the circle AFD and the straight line
FE intersect.

Fig. 2

Now let us suppose that the ball coming from A towards D does not
strike a sheet at point B, but rather a body of water, the surface of which
reduces its speed by exactly a half, as did the sheet. The other conditions
being given as before, I say that this ball must pass from B in a straight
line not towards D, but towards 1. For, in the first place, it is certain that
the surface of the water must deflect it towards that point in the same
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way as the sheet, seeing that it reduces the force of t'hcl hall_by the same
amount, and that it is opposed to the ball in the same direction. Then, 4
for the rest of the body of water which fills all the space hct\yccn Band1,

99 although it resists the ball more or less than c!id the air wh.ich We
supposed there before, we should not say for this reason that it must
deflect it more or less. For the water may open up to make. way for the
ball just as easily in one direction as in another, at ieaslt if WE.aIWQYS
assume, as we do, that the ball’s course is not changed by its heaviness or
lightness, or by its size or shape or any other such extraneous cause. And
we may note here that the deflection of the_ball by the surface of the
water or the sheet is greater, the more oblique the angle at which it
encounters it, so that if it encounters it at a right an_glt: (as w_hen ig is
impelled from H towards B) it must pass _bt?yt_)nd in a straight ITne
rowards G without being deflected at all. But if it is impelled along a line
such as AB [Fig. 3], which is so sharply inclined to the surfac_e of the
water or sheet CBE that the line FE (drawn as before) does not intersect
the circle AD, the ball ought not to penetrate it at all, but oyg.ht to
rebound from its surface B towards the air L, in the same way as if it _had
struck the earth at that point. People have sometimes expcrwnced. this to
their regret when, firing artillery pieces towards the bottum of a river for
fun, they have wounded those on the shore at the other side.

But let us make yet another assumption here, and suppose t}.:at the ball,

100 having been first impelled from A to B, is again impelled at point B hy the
racquet CBE which increases the force of its motion, say by a thlvrd, 0

that it can then make as much headway in two seconds as it previously
made in three. This will have the same effect as if the ball were to meet at
point B a body of such nature that it could pass thrqugh its surface CBE
one-third again more easily than through the air [Fig. 4]. 'And it follq\];fs
manifestly from what has already been demonstrated that if you‘descrl_ e

the circle AD as before, and the lines AC, HB, FE so that there is a third
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Fig. 4
Jess distance between FE and HB than between HB and AC, then point ],
where the straight line FE and the circular line AD intersect, will indicate
the position towards which the ball must be deflected when at point B.

Now we can also draw the converse of this conclusion and say that
since the ball which comes in a straight line from A to B is deflected when
at point B and moves on towards I, this means that the force or ease with
which it penetrates the body CBEI is related to that with which it leaves
the body ACBE as the distance between AC and HB is related to that
between HB and FI — that is, as the line CB is to BE.

Finally, in so far as the action of light in this respect obeys the same
laws as the movement of the ball, it must be said that when its rays pass
obliquely from one transparent body into another, which they penetrate
more or less easily than the first, they are deflected in such a way that
their inclination to the surface between these bodies is always less sharp
on the side of the more casily penetrated body, and the degree of this
inclination varies exactly in proportion to the varying degrees of
penetrability of the respective bodies.! Only it must be noted carefully that
this inclination has to be measured by the quantity of the straight lines
(CB or AH, EB or IG, and the like) compared to each other, not by that of
angles such as ABH or'GBI, and still less by that of angles like DBI which
we call ‘angles of refraction’. For the ratio or proportion between these
angles varies with all the different inclinations of the rays, whereas that
between the lines AH and IG, or the like, remains the same in all
refractions caused by the same bodies. Thus, for example [Fig. 5],
suppose a ray passes through the air from A towards B and, meeting the
surface of a lens CBR at point B, is deflected towards I in this lens; and

1 Without stating it explicitly, Descartes here enunciates the law now known as Snell's
Law, according to which st i = n sin r, where i is the angle of incidence, r the angle of
refraction, and n a constant specific to the refractive medium, Cf. letter to Mersenne,
June 1632..
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suppose another ray coming from K thwards B is deflected tOWa.rds L
and another coming from P towards R 1s deflected towards S. In this case
there must be the same proportion between the lines KM and LN, or PQ
and ST, as between AH and IG, but not the same between*theangles
KBM and LBN, or PRQ and SRT, as bctwae.n ABH and IBG.

So now you see the way in which rcfra(.:nons have to be mgasured.
Although we need to refer to experience in order to determine .the.lr
quantity, in so far as it depends on the partmglar nature of the bt‘ldles.m
which they occur, nonetheless we can do this easily t;nough and with
sufficient certainty since all refractions are reduceq in this way to a
common measure. In fact, to discover all the refra.cnons occurring at a
given surface, it suffices to examine only thqse of a single ray, aqd we can
avoid every error if in addition we examine the refractions 1n several
other rays. So, if we wish to know the quantity of the refractions which
occur at the surface CBR, separating the air AKP from the leng l.JIS, we
need only determine the refraction of the ray ABI by exan};umng; '{lhg
proportion between lines AH and lG.’Then, if we suspect we -avT alhe‘
in this experiment, we must determine the refraction in severa o:(;;
rays, like KBL or PRS; and if we find the same proportion betwccnh
and LN, and between PQ and ST, as between AH ar}d 1G, we shall have
no further cause to doubt the truth of our observation. ;

When' you make these observations, however, you w;” pt?rhaps e
amazed to find that light-rays are more sharply inclined in air than in
water, at the surfaces where their rcfrac_tion oceurs, and still morlc: Hl
water than in glass; while just the opposite occurs in the case of a ball,
which is inclined more sharply in water than in air, and which l::anno;
pass through glass at all. For example [Fig. 6], if a ball 1mpei!ed t njoug.“
the air from A towards B meets a surface of water CBE at point Q, itwi
be deflected from B towards V; and in the case of a ray, it will go in qu;‘t_e
a different direction, from B towards 1. You wlll.no long_er ﬁndht li
strange, however, if you recall the nature that I ascribed to light, when

Fig. 6

said it is nothing but a certain movement or an action received in a very
subtle matter which fills the pores of other bodies. And you should
consider too that, just as a ball loses more of its motion in striking a soft
body than a hard one and rolls less easily on a carpet than on a
completely bare table, so the action of this subtle matter can be impeded
much more by the parts of the air (which, being as it were soft and badly
joined, do not offer it much resistance) than by those of water, which
offer it more resistance; and still more by those of water than by those of
glass, or of crystal. Thus, in so far as the minute parts of a transparent
body are harder and firmer, the more easily they allow the light to pass;
for the light does not have to drive any of them out of their places, as a
ball must expel the parts of water in order to find a passage through
them.

Moreover, knowing in this way the cause of the refractions which
occur in water and glass and generally in all the other transparent bodies
around us, we can note that the refractions occurring when the rays
emerge from these bodies must be wholly similar to those occurring when
they enter them. So, if the ray coming from A towards B is deflected from
B towards I in passing from the air into a lens, the one which returns
from I towards B must also be deflected from B towards A. Nevertheless
other bodies may well be found (chiefly in the sky) in which refrac-
tions result from other causes, and so are not reciprocal in this way. And
certain cases may also be found in which the rays must be curved, though
they merely pass through a single transparent body, just as the motion of
a ball is often curved because it is deflected in one direction by its
weight and in another by the action with which we have impelled it, or
for various other reasons. For in the end, I venture to say, the three
comparisons which 1 have just used are so appropriate that all the
particular features which may be observed in them correspond to certain
features which prove to be entirely similar in the case of light; but I have
tried to explain only those which have the most bearing on my subject.
And I do not wish to have you consider anything else here, except that
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arent bodies which are curved deflect the rays
f their points in the same way as would the flat
e touching these bodies at the same points,
f the rays AB, AC, AD, which

the surfaces of transp
passing through each‘n ‘
surfaces that we can imagin i
So, for example [Fig. 7], the refractions o

Fig. 7

come from the flame A and fall on the curv.ed surface of the crfystalEbBau
BCD, must be regarded in the same way as if AB fell on ﬂa;sur ache' | F,
AC on GHC, and AD on IDK, and likewise for the others. r(;)m t. 15}011
can see that these rays may be variously focussed or dispersed, accor lfl‘.g
as they fall on surfaces which are differently curved. But now ’-ttﬁ' t:m:.- (:r
me to begin describing the structure (_)f the eye, so asdt(;1 ena sig(c:usg
understand how the rays which enter 1t are so disposed there a

: - i
visual perception ...

DISCOURSE FOUR: THE SENSES IN GENERAL

ut the nature of the senses in general,

ust tell you something abo ‘ ’
P ; ht in particular. We know for certain

the more easily to explain that of sig : !
that it is the soul which has sensory perceptions, and not the body. For

when the soul is distracted by an ecstasy or dee'p cuntempl}:monl; vi\.:: :;i
that the whole body remains without sensation, even t 0:.1g . er[i.
various objects touching it. An‘d we know _thatbltdm nhc;c,h 5f:u“[c1[i0n
speaking, because of its presence in the parts of tbe ody \.:rce Eig
as organs of the external senses that the soulhhas sen‘s‘mjylp f C;th c;“cd
because of its presence in the b;ain, w_he:re ilt e;fcric;iis;;s-fs \irhiclf oty

;i on’ sense.? For we observe mjurics : : .
Eﬁz 1;1‘(::;":1]01‘1{3 and impede all the senses generally, evenhtho_ttl%r {ﬂa::}:‘::}:
of the body continues to be animated. We know, lastly, that1

i . . 0
1 Discourse Three, on the eye, 1s omirtted here. For an English _versgg(;:rf’:thrl; 2:3 n]:/?ettc::l;
omitted below, see Descartes: .'.)f'scclmrse on Meth;ﬁi, (Jém)cs,
ology, tr. P, ]. Olscamp (lndinnupnlts: Bobbs-lf\f'lgrlil , 1965).
2 Cf. Rules, p. 41 above, and Passions, pp- 341 elow.
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the nerves that the impressions formed by objects in the external parts of
the body reach the soul in the brain. For we observe various accidents
which cause injury only to a nerve, and destroy sensation in all the parts
of the body to which this nerve sends its branches, without causing it to
diminish elsewhere ...! We must take care not to assume — as our
philosophers commonly do — that in order to have sensory perceptions
the soul must contemplate certain images? transmitted by objects to the
brain; or at any rate we must conceive the nature of these images in an
entirely different manner from that of the philosophers. For since their
conception of the images is confined to the requirement that they should
resemble the objects they represent, the philosophers cannot possibly
show us how the images can be formed by the objects, or how they can be
received by the external sense organs and transmitted by the nerves to the
brain. Their sole reason for positing such images was that they saw
how easily a picture can stimulate our mind to conceive the objects
depicted in it, and so it seemed to them that, in the same way, the
mind must be stimulated, by little pictures formed in our head, to conceive
the objects that affect our senses. We should, however, recall that our
mind can be stimulated by many things other than images — by signs and
words, for example, which in no way resemble the things they signify.
And if, in order to depart as little as possible from accepted views, we
prefer to maintain that the objects which we perceive by our senses really
send images of themselves to the inside of our brain, we must at least
observe that in no case does an image have to resemble the object it
represents in all respects, for otherwise there would be no distinction
between the object and its image. It is enough that the image resembles its
object in a few respects. Indeed the perfection of an image often depends
on its not resembling its object as much as it might. You can see this in
the case of engravings: consisting simply of a little ink placed here and
there on a piece of paper, they represent to us forests, towns, people, and
even battles and storms; and although they make us think of countless
different qualities in these objects, it is only in respect of shape that there
is any real resemblance. And even this resemblance is very imperfect,
since engravings represent to us bodies of varying relief and depth on a
surface which is entirely flat. Moreover, in accordance with the rules of
perspective they often represent circles by ovals better than by other
circles, squares by rhombuses better than by other squares, and similarly
for other shapes. Thus it often happens that in order to be more perfect as

1 There follows an account of the function of the nerves and animal spirits in producing
sensation and movement, Cf. Treatise on Man, AT x1 t132ff and Passions, pp. 331-8
below.

2 See footnote 1, p. 154 above.
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an image and to represent an object b.f:tter, an eng,zlalvn;%l:){:g;; ?::t-uti
resemble it. Now we must think of the images formed in o b ]cb
the same way, and note that the prubiem is to knl;w;f simpl };us uangﬁm}
enable the soul to have sensory perceptc;uns n;ta l:ot 'fl:(ri:thm:} oo ‘c:n
the objects to which they correspond — n o e
resemble these objects. For instance, when our blin + xc,; od

-1 his stick. they certainly do not transmit anythmgt‘n ‘lmt:. ptin so
\f?:ha}:':hsey c;useyhis stick to move ip d1ffeltent.ways;ti:.:utrhclnﬁ:\?e:};:
different qualities in them, thus llk?WlSE setting in }:“( it Origin;‘m
his hand, and then the regions of his brain where ¢ ese ackves SHiBlnale,
This is what occasions his soul to have sensoty priir_ué;:ptim‘es il] 5 mm.:_
different qualities in these bodies as there are ditierenc

ments caused by them in his brain.

o d N THE
DISCOURSE FIVE! THE IMAGES WHICH ARE FORMED O
BACK OF THE EYE

You see, then, that in order to have sensory perceptions t:_e ﬁqui doesl not
’ . .
need to contemplate any images resembling the thln‘gs whic 1t_percewfes,
And yet, for all that, the objects we look at do ?ﬁpn; qu1l:e perv;rc[
; ¥ 3 s 9 eEn
i selve back of our eyes. lhis has y
images of themselves on the _ : .
ingegniously explained by the following com;;ans?n. Supfosed;::l;:lon;:)z;
i inele hole, and a glass lens is place
is all shut up apart from a sing ; lens et
this hole with a white sheet stretched at a certain distance beh;\nd }:t 50
that the light coming from objects outside forms images on the sl ctl’:]t.
Now it is said that the room represents the eye; th:; hhole, the ﬁuﬁl ; the
cause
i ther all the parts of the eye whic
lens, the crystalline humour, or rathet vhicl ;
som,e refraction; and the sheet, the internal membrane, which is com
osed of the optic nerve-endings. . o '
: But you may become more certain of this if, taking t}:e elye of a ?l;\:;i}y
ili of an ox or some other large an :
dead person (or failing that, the eye - i
5 membranes at the bac
ay the three surrounding br
B ithout spilling any. Then cover
art of the humour without spilling
as to expose a large part 0 ‘ i e
i ite body thin enough to let light p (
the hole with some white bo . light pate tbron sy
i : -shell), and put this eye in the ‘ .
e : here are various objects
i faces a place where there
made shutter so that its front ce v ; pe oot
i i k faces the inside of the room '
lit up by the sun, and its back Vi e
stanziné (No light must enter the room except what comes throug

i aving done
of whose parts you know to be entirely transparent.) Having

st haps without

H 1 B, > =3 Dr
this, if you look at the white body you th see there, n;.)t pe P the
wonder and pleasure, a picture representing in natural persp

il if : eeps its
116 obijects outside — at any rate you will if you ensure that the eye keep
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natural shape, according to the distance of the objects (for if you squeeze
it just a little more or less than you ought, the picture becomes less
distinct) . . .!

Now, when you have seen this picture in the eye of a dead animal, and
considered its causes, you cannot doubt that a quite similar picture is
formed in the eye of a living person, on the internal membrane for which
we substituted the white body — indeed, a much better one is formed
there since the humours in this eye are full of animal spirits and so are
more transparent and more exactly of the shape necessary for this to
occur. (And also, perhaps in the eye of an ox the shape of the pupil,
which is not round, prevents the picture from being so perfect.) . . .

The images of objects are not only formed in this way at the back of
the eye but also pass beyond into the brain .. .2

DISCOURSE SIX: VISION

Now, when this picture thus passes to the inside of our head, it still bears
some resemblance to the objects from which it proceeds. As I have amply
shown already, however, we must not think that it is by means of this
resemblance that the picture causes our sensory perception of these
objects — as if there were yet other eyes within our brain with which we
could perceive it. Instead we must hold that it is the movements
composing this picture which, acting directly upon our soul in so far as it
is united to our body, are ordained by nature to make it have such
sensations. I will explain this in more detail. Al the qualities which we
perceive in the objects of sight can be reduced to six principal ones: light,
colour, position, distance, size and shape. First, regarding light and
colour (the only qualities belonging properly to the sense of sight), we
must suppose our soul to be of such a nature that what makes it have the
sensation of light is the force of the movements taking place in the
regions of the brain where the optic nerve-fibres originate, and what
makes it have the sensation of colour is the manner of these movements.
Likewise, the movements in the nerves leading to the ears make the soul
hear sounds; those in the nerves of the tongue make it taste flavours; and,
in general, movements in the nerves anywhere in the body make the soul
have a tickling sensation if they are moderate, and a pain when they are
too violent. But in all this there need be no resemblance between the ideas
which the soul conceives and the movements which cause these ideas.
You will readily grant this if you note that people struck in the eye seem to
see countless sparks and flashes before them, even though they shut their
1 A diagram is omitted here and the text abridged.
2 Here Descartes repeats the account given in the Treatise on Man, pp. 1osf above.
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eyes or are in a very dark place; hence this st_&*nsation can be ascrib.ed only
to the force of the blow, which sets the optic nerve-fibres in motion ag
bright light would do. The same force might make us hear a sound if j;
affected the ears, or feel pain if it affected some other part of the body,
This is also confirmed by the fact that whenever you force your eyes to
look at the sun, or at some other very bright ligh‘t, they retain itg
impression for a short time afterwardg so that even with your eyes shut
you seem to see various colours which change and pass from one to
another as they fade away. This can only r?sult from t_he fact that the
optic nerve-fibres have been set in motion with extraordinary for;e' and
cannot come to rest as soon as they usually can. But the agitation
remaining in them when the eyes are shut is not great enough 1o represent
the bright light that caused it, and thus it represents the less vwld_ colours,
That these colours change as they fade away shows that their nature
consists simply in the diversity of the movement, exactly as L have already
suggested. And finally this is evidenced hx the frequent appearance of
colours in transparent bodies, for it is certain that nothmg can cause this
except the various ways in which the lig_ht-rays are received th.ere. One
example is the appearance of a rainbow in the t_:louds, and a still clearer
example is the likeness of a rainbow seen in a piece of glass cut on many
sides. ‘ .

But we must consider in detail what determines the quantity of the
light which is seen, i.e. the quantity of the force with which_ each o}f tl‘{e
optic nerve-fibres is moved. For it is not alwa.ys t?qua! to the llght_whmh is
in the objects, but varies in proportion to their distance and the size of the
pupil, and also in proportion to the area at the back of the eye which may
be occupied by the rays coming from each point of the object . We
must also consider that we cannot discriminate the parts of the bodies we
are looking at except in so far as they differ somehow in colour; and
distinct vision of these colours depends not only on the fact that all the
rays coming from each point of the object converge in almost as many
different points at the back of the eye, and on the fact that no rays reach
the same points from elsewhere . .. but also on the great number of optic
nerve-fibres in the area which the image occupies at the back of the eye.
For example, if an object is composed of ten thousand parts capable 05
sending rays to a certain area at the back c.)f the eye in ten thousan
different ways, and consequently of making ten thousand colours
simultaneously visible, these parts nonetheless will enable the sgul to
discriminate only at most a thousand colours, if we suppose that in this
area there are only a thousand fibres of the optic nerve. Thus. ten parts of
the object, acting together upon each of thc_ﬁbres, can move it in just one
single way made up of all the ways in which they act, so that the area

OptiCS 169
occupied by each hbre has to be regarded as if it were only a single
point. This is why a field decked out in countless different colours often
appears from a distance to be all white or all blue; why, in general, all
bodies are seen less distinctly from a distance than close at hand; and
finally why the greater the area which we can make the image of a single
object occupy at the back of the eye, the more distinctly it can be seen.
We shall need to take special note of this fact later on.

As regards position, i.c. the orientation of each part of an object
relative to our body, we perceive it by means of our eyes exactly as we do
by means of our hands. Our knowledge of it does not depend on any
image, nor on any action coming from the object, but solely on the
position of the tiny parts of the brain where the nerves originate.
For this position changes ever so slightly each time there is a change
in the position of the limbs in which the nerves are embedded. Thus it
is ordained by nature to enable the soul not only to know the place
occupied by each part of the body it animates relative to all the others,
but also to shift attention from these places to any of those lying
on the straight lines which we can imagine to be drawn from the
extremity of each part and extended to infinity. In the same way, when
the blind man, of whom we have already spoken so much, turns his hand
A towards E [Fig. 8], or again his hand C towards E, the nerves

embedded in that hand cause a certain change in his brain, and through
this change his soul can know not only the place A or C but also all the
other places located on the straight line AE or CE; in this way his soul
can turn its attention to the objects B and D, and determine the places
they occupy without in any way knowing or thinking of those which his
hands occupy. Similarly, when our eye or head is turned in some
direction, our soul is informed of this by the change in the brain which is
caused by the nerves embedded in the muscles used for these movements.
... You must not, therefore, find it strange that objects can be seen in
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inverted. This is just like our blind man’s being able to feel, at one and the
same time, the object B (to his right) by means of his left hand, and the
object D (to his left) by means of his right hand. And as the blind map,
does not judge a body to be double although he touches it with his twq
hands, so too, when both our eyes are disposed in the manner required to
direct our attention to one and the same place, they need only make ys
see a single object there, even though a picture of it is formed in each of
our eyes.

The seeing of distance depends no more than does the seeing of
position upon any images emitted from objects. Instead it depends in the
first place on the shape of the body of the eye. For as we have said, for us
to see things close to our eyes this shape must be slightly different from
the shape which enables us to see things farther away; and as we adjust
the shape of the eye according to the distance of objects, we change a
certain part of our brain in a manner that is ordained by nature to make
our soul perceive this distance. Ordinarily this happens without our
reflecting upon it — just as, for example, when we clasp some body with
our hand, we adjust our hand to its size and shape and thus feel it by
means of our hand without needing to think of these movements. In the
second place, we know distance by the relation of the eyes to one
another. Our blind man holding the two sticks AE and CE (whose length
I assume he does not know) and knowing only the distance between his
two hands A and C and the size of the angles ACE and CAE, can tell from
this knowledge, as if by a natural geometry, where the point E is. And
similarly, when our two eyes A and B are turned towards point X, the
length of the line AB and the size of the two angles XAB and XBA enable
us to know where the point X is, We can do the same thing also with the
aid of only one eye, by changing its position.! Thus, if we keep it turned
towards X and place it first at point A and immediately afterwards at
point B, this will be enough to make our imagination contain the
magnitude of the line AC together with that of the two angles XAB and
XBA, and thus enable us to perceive the distance from point X. And this
is done by a mental act which, though only a very simple act of the
imagination, involves a kind of reasoning quite similar to that used by
surveyors when they measure inaccessible places by means of two
different vantage points. We have yet another way of perceiving distance,
namely by the distinctness or indistinctness of the shape seen, together
with the strength or weakness of the light. Thus, if we gaze fixedly
towards X [Fig. 9], the rays coming from objects 10 and 12 do not
converge so exactly upon R or T, at the back of our eye, as they would if

1 A diagram is omitted here.
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these objects were at points V and Y. From this we see that they are
farther from us, or nearer to us, than X. Then, the hg,ht.coming from
object 10 to our eye is stronger than it would be if thaF object were near
V, and from this we judge it to be nearer; and the light coming from
object 12 is weaker than it would be if it were near Y, and so we judge it
to be farther away. Finally, we may already have f;osn another source an
image of an object’s size, or its position, or the dlstmctr‘!ess of its shape
and its colours, or merely the strength of the light coming from it; and
this may enable us to imagine its distance, if not actually to see it, For
example, when we observe from afar some body we are used to seeing
close at hand, we judge its distance much better than we would if its size
were less well known to us. If we are looking at a mountain lit up by
sunlight beyond a forest covered in shadow, itis solely the position of the
forest that makes us judge it the nearer. And when we look at two ships
out at sea, one smaller than the other but proportion:atcly nearer so that
they appear equal in size, we can use the difference in thelr‘shapes and
colours, and in the light they send to us, to judge which is the more
distant. ‘

Concerning the manner in which we see the size anfi shape of objects, 1
need not say anything in particular since it is wholly included in the way
we see the distance and the position of their parts. That is, we judge their
size by the knowledge or opinion that we _have of their distance,
compared with the size of the images they imprint on the b_ack of the‘ eye
— and not simply by the size of these images. This is sufficiently obvious
from the fact that the images imprinted by objects very close to us are a
hundred times bigger than those imprinted by objects ten times farther
away, and yet they do not make us see the objects a hu_ndred times .!argq;
instead they make the objects look almost the same size, at least if their
distance does not deceive us. It is obvious too that we judge shape by the
knowledge or opinion that we have of the position of the’various parts of
an object, and not by the resemblance of the pictures in our eyes. For
these pictures usually contain only ovals and rhombuses when they make
us see circles and squares. N

But in order that you may have no doubts at all that vision works asll
have explained it, I would again have you consider the reasons why it
sometimes deceives us. First, it is the soul which sees, and not th_e eye;
and it does not see directly, but only by means of the brain, That is v:\fh}'
madmen and those who are asleep often see, or think they see, various
objects which are nevertheless not before their eyes: namely, certalln
vapours disturb their brain and arrange those of its parts normally
engaged in vision exactly as they would be if these objects were present.
Then, because the impressions which come from outside pass to the

OptiCS 173

‘common’ sense by way of the nerves, if the position of these nerves is
changed by any unusual cause, this may make us see objects in places
other than where they are ... Again, because we normally judge that the
impressions which stimulate our sight come from places towards which
we have to look in order to sense them, we may easily be deceived when
they happen to come from elsewhere. Thus, those whose eyes are affected
by jaundice, or who are looking through yellow glass or shut up in a
room where no light enters except through such glass, attribute this
colour to all the bodies they look at. And the person inside the dark room
which I described earlier attributes to the white body the colours of the
objects outside because he directs his sight solely upon that body. And if
our eyes see objects through lenses and in mirrors, they judge them to be
at points where they are not and to be smaller or larger than they are, or
inverted as well as smaller (namely, when they are somewhat distant
from the eyes). This occurs because the lenses and mirrors deflect the rays
coming from the objects, so that our eyes cannot see the objects distinctly
except by making the adjustments necessary for looking towards the
points in question.! This will readily be known by those who take the
trouble to examine the matter. In the same way they will see how far the
ancients went wrong in their catoptrics when they tried to determine the
location of the images in concave and convex mirrors. It must also be
noted that all our methods for recognizing distance are highty unreliable.
For the shape of the eye undergoes hardly any perceptible variation when
the object is more than four or five feet away, and even when the object is
nearer the shape varies so little that no very precise knowledge can be
obtained from it. And if one is looking at an object at all far away, there
is also hardly any variation in the angles between the line joining the two
eyes (or two positions of the same eye) and the lines from the eyes to the
object. As a consequence, even our ‘common’ sense seems incapable of
receiving in itself the idea of a distance greater than approximately one or
two hundred feet. This can be verified in the case of the moon and the

sun. Although they are among the most distant bodies that we can see,

and their diameters are to their distances roughly as one to a hundred,

they normally appear to us as at most only one or two feet in diameter —

although we know very well by reason that they are extremely large and
extremely far away. This does not happen because we cannot conceive
them as any larger, seeing that we easily conceive towers and mountains
which are much larger. It happens, rather, because we cannot conceive
them as more than one or two hundred feet away, and consequently their
diameters cannot appear to us to be more than one or two feet. The

1 A diagram is omitted here, and the text is slightly condensed.
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position of these bodies also helps to mislead us. For usually, when they
are very high in the sky at midday, they seem sma.ller.than they do Wh§n
they are rising or setting, and we can notice their distance more easily
because there are various objects between them and our eyes. And, by
measuring them with their instruments, the astronomers prove clearly
that they appear larger at one time than at another not because they are
seen to subtend a greater angle, but because they are ]udg_cd to be farther
away. It follows that the axiom of the ancient optics — which says tllqut the
apparent size of objects is proportional to the size of the :}ngle of vision —
is not always true. We are also deceived because white or luminous
bodies, and generally all those which have a great power to stimulate the
sense of sight, always appear just a little nearer and larger .than they
would if they had less such power. The reason why such bodies appear
nearer is that the movement with which the pupil contracts to avoid their
strong light is so connected with the movement which di.sposes t‘he whole
eye to see near objects distinctly — a movement by which we _]udgc the
distance of such objects — that the one hardly ever takes place without the
other occurring to some extent as well, (In the same way, we cannot f.ully
close the first two fingers of our hand without the third bending a litle
too, as if to close with the others.) The reason Why Fhese Whl.te or
luminous bodies appear larger is not only that our estimation of their size
depends on that of their distance, but also that they impress larger images
on the back of the eye. For it must be noted that the back of the eye is
covered by the ends of optic nerve-fibres which, though very.small, still
have some size. Thus each of them may be affected in one of its parts.by
one object and in other parts by other objects. But it is capable of helpg
moved in only a single way at any given time; so when the sma]le;t of its
parts is affected by some very brilliant objec_t, and the_ others by d1fferf.:nt
objects that are less brilliant, the whole of it moves in accordance with
the most brilliant object, presenting its image but not that of the others.
Thus, suppose the ends of these little fibres are 1, 2, 3 [Fig. 10) and thle(
rays which come, for example, from a star to trace an image on the bag

of the eye are spread over 1, and also slightly beyond over the six
nerve-endings marked 2 (which 1 suppose are reached by no other rays
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except very weak ones from regions of the sky next to the star). In this
case the image of the star will be spread over the whole area occupied by
the six nerve-endings marked 2 and may even spread throughout that
occupied by the twelve marked 3 if the disturbance is strong enough to be
propagated to them as well. So you can see that the stars, while appearing
rather small, nevertheless appear much larger than their extreme distance
should cause them to appear. And even if they were not perfectly round,
they could not fail to appear so — just as a square tower seen from afar
Jooks round, and all bodies that trace only very small images in the eye
cannot trace there the shapes of their angles. Finally, as regards judge-
ment of distance by size, shape, colour, or light, pictures drawn in
perspective show how easy it is to make mistakes. For often the things
depicted in such pictures appear to us to be farther off than they are
because they are smaller, while their outlines are more blurred, and their
colours darker or fainter, than we imagine they ought to be.!

1 The contents of the rest of the Optics, and of the Meteorology and the Geometry, are as
follows:

Optics
Discourse Seven: The means of perfecting vision
Discourse Eight: The shapes that the transparent bodies must have in order to deflect

rays through refraction in all the ways which are useful to vision
Discourse Nine: The description of telescopes

Discourse Ten: The method of cutting lenses

Meteorology
Discourse 1: The nature of terrestrial bodies
Discourse 2: Vapours and exhalations
Discourse 3: Salt
Discourse 4: Winds
Discourse s: Clouds
Discourse 6: Snow, rain and hail
Discourse 7: Storms, lightning and all the other fires that blaze in the air

Discourse 8:
Discourse 9:

The rainbow
The colours of clouds and the circles or coronas that we sometimes
see around the heavenly bodies

Discourse to:  The appearance of many suns

Geometry
Book 1: Problems that can be solved by constructions using only circles and
straight lines
Book 2: The nature of curved lines
Book 3:

Problems requiring the construction of solids and supersolids

147



