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a degree, whereas his real magnitude far surpasses
that of the earth ; for the sun being a globe, his dia-
meter is estimated to be ahout 790,000 English miles,
while the digggeter of the earth is only 7912 English
miles. .

20tk July 1760.

Titrer XXXIV.—OE THE ASSISTANOE WHICH:
JUDGMENT LENDS TO VISION. '

Waar I have now submitted to you on the phe-
nomenon of vision, belongs to optics, which is a
branch of mixed mathematics, and which likewise
holds a considerable rank in physics. Beside
colours, the nature of which I have endeavoured to

explain, it is the business of optics to treat of the .

manner in which vision is performed, and of the
different angles under which objects are seen.

You must have already remarked, that the same
object may be viewed, sometimes under a greater
visual angle, sometimes under a smaller, as it is less
or more distant from us.. I say farther, that a
small object may be viewed under the same angle as

a great one, when the former is very near, and the .

latter very distant, A small dish may be placed be-
fore the eye in such amanner, as to cover the whole.
Dbady of the sun ; and, in reality, a plate of half' a faot
diameter,  at the distance of 54 feet, exactly cavers
the sun, and is seen under the same angle; and yet:
what a prodigions difference is thers between the
size of a plate and that of the sun: The full moon,
appears to us nnder nearly the same visual angle as.
the sun, and of consequence,_nearly_as great, thoughi
really much smaller; but it is to be considered, that:
the sun is almost 400 times more remote from us:
than the moon. : :

+
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~ The visual angle is a point of so much the more
impertance in optics, that the images of the objects
which paint themselves on the bottom of the eye,
depend upon it. The greater or 18§8ghe visual an-
gle-is, the greater or less they (the objects) ave great
or little. And as we see objects out of ounrselves,
only so far as their images are painted on the bot-
tom of the eye, they constitute the immediategghject
of vision. or sensation. One of these images, ‘there-
fore, leads us to the knowledge only of three things.
First, its figure and its colours conduet to the con-
clusion, that there is, out of us, a similar object, of
‘such a figure, and such a colour. Secondly, its
magnitude discovers the visnal angle under which
the object appears to us; and, finally, its place on
the bottom of the eye makes us sensible of the di-
rection of the external object, relatively to us, or

“that in which the rays emitted from it reach our

eyes,

~In these three particulars consists the phenome-
non of vision; and we only perceive, lst, the figure
and colours ; 2dly, the visual angle, or the apparent
magnitude; and, 3dly, the direction, or the place in
which we conclude that the object exists. Vision,
then, discovers to ns nothing respecting either the
real magnitude of objects, or their distances. Though
we f{requently imagine, that we can determine by

-the eye the magnitude and distance of an object,
“this is not an act of vision, but of the understanding.
~The other senses, and habits of long standing, ena-
“blens to calculate at what distance an object is from

us. But this faculty extends only to objects at ne

~greai distance. Whenever their, distance becomes

considerable, our judgment ecannot exercise itself

-with certainty ; and if sometimes we venture to haz-
~ard a decision, it is generally very remote from the

truth.
i 2
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Thus, no one can pretend to say that he sees. the

magnitude or the distance of the .moon; and when

e they can judge .of the first, by
considerin equal tp that af the tervestrial bo-
dies which a&seen under the same angle, it is net
by vision they are deceived, but by their judgment,
which they want te apply to an object far beyond
the_i.lﬁgj;ﬂeach. It is certain, therefore, that the eyes
alone’ can determine nothing respecting the distance
and magnitude of objects.

To this subject may be referred the very remark-
able case of a man born blind, who obtained sight,
by means of.an operation, at an advanced peried of
life.* This persen was at first dazzled; he could

the valgar

distinguish nothing as to the magnitude and distance

of ohjects. Every thing appeared so near, that he

wanted to handle them. A considerable time, and

long practice, were requisite to bring him to the real
use of sight. Fle was under the necessity of serving
a long apprenticeship, such as we perform during
the term of childhood, and of which we afterwards
preserve no recollection.

This it is which instructed us, that an object ap--
pears to us so much the more clear and distinet as it .
is neaver; and reeiprocally, than an object which
appears clear and distinet is mear; and when it ap-
pears obscure and indistinet, that it is at a distance.’
It is thus that painters, by weakening the tints of
the objects which they wish to appear remote, and
strengthening those which they wonld represent as
nearer, are enabled to detexrmine our judgment,-
conformably to the effect which they mean to pro-

€ -

* Thiswas the young man, blind from cataract, on whom our country-:
man -Chesselden performei the-operation of conching, An account of this:
interesting case, which is an often refeved to, will be dound dn the Philo-
saphieal Transactions for 1728, vol. xxxv. p. 447, —Fp.
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duce.: . And they succeed so perfectly, that we con-

sider some of the objects represented in painting as

more. distant than othersn~an illus hieh - conld

net take place, if vision discovered st he real dis-

tance and magnitude of objects. - =
15t August 1760,

: LErtErR XXXV.— EXPLANATION OF cRREAIN
- ‘PHENOMENA RELATIVE TO OPTIcs.

- Yau have just seen, that vision alone discqvers
to us nothing respeciing either the real magnitnde
ar the distance of objects; and that efl we imagie
we see, whether as to the distance or Inﬂgpimﬂﬁ"ﬂf
any abject, is the effect of judgment. We.amust
eorefully dlstmgui§h. that which the senses ré;irgseilt
fans, from what judgment adds, in which we, fre-
quently deceive ourselyes. Many philpsaphers, who
have declaimed against the accuracy of the sanses,
and whe meant thence to infey the chertainty’ of all
human Inowledge, have confounded. the proper re-
presentations of our senses with Judgment, ‘

- 'Ihis is their mode of. reasoning x We see the sun
no bigger than o trencher, though it be infinitely
greater; therefore the sense of seeing deceives usy
therefore all our senses decciva ns; at least, we cap.
;ﬁtaxéepgandbou them ,;fther@fom, all the ]mow;ledgé
quire by means pf the senses, is nneertai ]
probably false : We, thevefore, Tnow nbihié?nbiiﬂ
i the reasoning of these sceptics, who boast, s vain.
gloviously of their ingenuity; thongh there he no-
thing so easy as o say, that every thing is uncertain;
2nd the greafest dunce may make a shining fignre i
this sublime philosophy. ~But it is absolytely false,
that the sight represents fo us the sup no bié’ger
than a pewter plate; it determines nothihg whatever
respecting his maguitude ; it is our judgménf alone
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that deceives us. -When the objects, howevey, are
not very distant, we.can pronounce with toldrable
exactness on. ghalr dimensions and distances ; and .the
ed to. the degree of clearness with
which we seetthese same objects, render our judg-
menis sufficiently certain. Now, as soon as we have
the idea of the distance of an object, we form to
ourselyes, likewise, that of its real magnitude, know-
ing that it depends on that distance. Hence, the
more distant we reckon an object to be, the greater
we conelnde is its magnitude ; and reciprocally, the
nearer we conclnde it is, the smaller we suppdse it.
We,-of course; frequently take one body for anpther
of much greater magnitude, when a suspension of
Jjudgment prevents our taking distance into tlie ac-
count. The reason is, that a very large body: may
be seen at a great distance, under the same angle
as a small object placed near us, :

There is another phenomenon well known to gvery.
one, and which has given occasion to many disputes
among the learned, and which it is now periectly
easy to explain. The full moon appears to every eye
at the time of her rising to be much greater' than
when she has got to a considerable height above the
horizon, though the visual angle of the apparent
magnitude be the same. The sun, too, at the|time
of rising and setting, -appears to every one greater
than at noon. What then is the foundation of this
judgment, so universal, and so false ?- It is undéubt-
edly becanse we judge the sun and the moon in the
horizon to be at a greater distance from us than fhen
they have got to a considerable height,

But how come we to form such a judgment? The
common answer is, that when the sun and the moon
are in the hovizon, we perceive a great many objects
between them and us which seem to increase their
distance; whereas when the sun and moon thave

Let. 35.
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risen to-a great height, we perceive nothing between
them and us, and therefore conclude that they are
neaver. I know not whether this explanation will
be satisfactory. It may be objected;sihat an empty
apartment appears greater than one ¢ompletely fur-
nished, though the size be exactly the same ; several
intervening objects, therefore, do not always lead us
to imagine that one more remote is at a greater, dis-
tance than is really the case. I flatter myself that
the following solution will be deemed meore natural,
and better founded.
t Let the circle A (Prave I, Fig. 18.) represent the
earth, and the dotted circle the atmosphere or air
with which the earth is surrounded ; suppose your-
self stationed at the point A, if the moon is in the
horizon,  the rays will reach you in the direction of
the line B A ; but in her extreme height, the rays.
will descend in the line C A. In the first case the
rays pass‘through the greater space B A, and in the
second case through the smaller space C A. - Now
you will please to recollect, that the rays of light
which pass through a transparent medium have their
force diminished in proportion to the length of the
passage. 'The atmosphere or air, then, being a trans-
parent medium, the ray B A must in its passage lose
much more of its force than the ray C A. %—Ience
it follows in general, that all the celestial bodies ap-
pear much less brilliant in the horizon than when
fully risen and elevated. We are able to look di-
rvectly even at the sun when he is in the horizon;
but when once he has gained a certain height, the
eye is constrained to shrink from his lustre.
- I conclude from this that the moon, too, appears
less brilliant in the horizon than when elevated.*
* A mare complete explanution of this phenomencn will be found in

Dr. Smith’s Optics, vol. 1. p. 63. He shows' that the apparent figure of
the sky resembles B F E D (Prare L Fig 82.), heing much less then a
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» ou will recollect what I said a little abewe,- in
gc;:ki};]g-of effect in painting,’ that the same obl]algF
appears to.ug more distant when its light is weaks
ened : the moony, - then, being in'the horizon, must
appeay more-distant than at any point of -elevation}

. The consequence is obvious; as we judge the dis+

tance. of the moon greater in the horizon, We‘must

likewise judge her magniinde greater. And in ge-

neral all the stars, when near the horizon, appear to

ns greater, because their apparent distance is greater,
3d Augusi 1760.

Lerrern XXXVI.—Or Spanow.

I mave endeavoured to explain almost all that is
usually treated of in optics. All that remains is to
speak of shadow. You already know too well what is
meant by shade or shadow, to render it necessary for
me to dwell long on the subject. Shadow always
sopposes: two things: a luminons body, and an
opaque body, which does not transmit the rays oi_
light. The opaque body, then, prevents the rays of

P anglh

isphere s #nd considering that the moon at w2 &ubt&uﬂ:!q an angli
ﬁ?lhglual to the angle o O p, which it subtends at'o P he cnm.]l.ules. thzit:
the ‘maoh mnst appear much largey at o p t]enn at m w, in cuusequenu:l .
its being supposed to be ata much greater dlSEaIlL‘.E- ‘-Wl?en_ a star saeptlse , %
he balf “way between the horizon and ﬂlﬁ? z.emth, Dr. Smith ﬁi;?f ]i x_nz_u1
z;-tlﬁimle t0 be anly 23°; and upon this prinsiple he construeted the fallawing
table :— )

Sun' or Moon’s altitnde, Avpparent Diameters,

i e Distances,
in deggces. . | or iig Dm.
15 68
30 30
45 ] 40
i1y} B4
75 31
O] 30 Eun.
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a« luminons body. from -gething ‘behing it, and.the
space which the rays cannot reach from this: mter-
sgption, is called the shadow of the.opaque body ; o,
what eomes to the same thing, shadow.includes .all
that space in which the luminous body.is not to.he
seen, because the. opaque bedy obstruets its rays. .
Let A (Prare I Fig. 14.} be a luminovs point,
and B C D E an opagne body. Draw the extveme
vays ABM, A DN, touching. the opaqgue bedy.
It.is evident that no ray of light proceeding from A
can penetrate into the space M B B D ; and in
whatever point within that space the eye may he
placed, at O, for example, it will not see the luminous
body. This space is the shadow of the opague body
and we see that it ig continually increasing, and ma

extend to infinity. But if the bedy from which the
rays proceed be itself of great magnitude, the deter-
mipation of the shadow is somewhat different, There

- are three cases which demand congideration ; the first

is,. when the Inminous body is less than the opaque;
the second, when they are equal;. and the third,
when the luminous body is the greater. The fixst
case is that which we have now been considering, in
which the light is smaller than the opaque bady.
. The second is represented in (Prate I. Fig 15.),
where the Inminong body A is of the same magnitude
with the opaque body B C ED. If you draw the
extreme rays A B M, A B N, the space M BE N
will be shaded, and through the whole of that space
it will be impossible to see the Inminous body. ¥You
see likewise that the lines B M and E N are parallel,
and that the shadow extends to infin; /, always pre-
serving the same breadth,
The third case is exhibited in (Prams 1. Fig. 16),
where the Tuminous body A A is greater than the

apaque body B C E D. "The exireme rays touch-
ing the opaque body in B and E, if produced, will
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meet in the point O, and the space of the shadow
B O I becomes finite, and terminates in O. . The
shade in this case is texmed conical. It is only inté
this space that the light has no admission, and in
which it is impossible to see the luminous body. To
this third case belong the shadows of the celestial bor
dies, which are much smaller than the luminous body
which enlightens them, namely, the sun.

‘We have here, then, another display of the Crear
tor’s wisdom. For if the sun were smaller than the
planets, their shadows would not be terminated, but
extend to infinity, which would deprive immense
spaces of the benefit of the sun’s light. But the
magnitude of that luminary surpassing by so manj
times that of the planets, their shadows are contracte
to very narrow bounds, from which alone the light
of the sun is excluded. ' '

It is thus that the earth and the moon projedt
their conical shadows; and the moon may occasion-
ally plunge into the shadow of the earth either pan-
tially or totally. "When this takessplace, we say the

moon is eclipsed, either wholly or in part. In the.

former case we call it a total eclipse of the moon; in
the other, & partial eclipse. The moon, likewise,
projects her shadow, but it is smaller than that of the
earth, It may happen, however, that the shadow ¢f
the moon should extend as far as fo the earth ; ang
then those who are involved in that shadow, undergp
an eclipge of the sun. An eclipse of the sun, theiy,
takes place when the moon, interposing, prevenfs
our seeing the sun wholly, or in part. %Ve see not
the sun by night, though there be no eclipse; byt
we are then in the shadow of the earth, which causes
our greatest obscurity.

Hitherto we have considered only the cases in
which the rays of light are transmitted in straight
lines, which is the professed object of optics. But
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it has been already remarked, that the rays of light
are sometimes reflected, and sometimes broken or
refracted. You will recollect, that when the rays fall
on a well-polished surface, such as a mirror, they ave
reflected from that surface ; and when they pass from
one (ransparent medium to another, they undergo
refraction, and ave in some sense broken, Hence
arise two other sciences. That which considers.
vision in reference to reflected rays, is called Casop-
tries ; and that which has for its object vision, in re-
ference to broken or refracted rays, is termed Diop-
feges.  Optics treat of vision relatively to direct rays
of light. I shall present you with a summary of
these two sciences, catoptrics and dioptrics, as they
disclose phenomena which are every day presenting
themselves, and of which it is of importance to inves-
tigate the causes and the properties. Every thing
relating to the subject of vision is, beyond contradic-

tion, an object highly worthy of exciting curiosity,

and of engaging attention,

5th dugust 1760,

LEerrEr XXX VIL—Or CATOPTRICS, AND THE RE-
S FI..ECTION OF RAYS FROM PLAIN MIRB.OB.S.

- CaTopTRICS treat of vision relatively to reflected
rays. . When rays of light fall on a well-polished
surface, they are reflected in such a manner that the
gngles on all sides ave equal among themselves.

wo'l0 set this in a clear light, let A B (Prare I
Mg, 1'1.) be the surface of a common mirror, and P
2. luminous point, whose rays P Q, P M, Pm, fall
upon the mirror. Of all these rays, let P Q be that
which falls perpendicularly on the mirror, and which

:has. this particular and vemarkable property, that it
-4 reflected upon itself in the direction of Q P; just
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as on a billiard table, when the ball is struck perpen.
dicularly against the ledge, it is repelled in the self-
same diveetion. But every ather ray, as P M, is ve-
{lected in the line M N, in such a manner, as to make
the.angle A M N equal to theangle B M P; in whigh
it is to be vemarked, that the ray P M is named the
incident vay, and M N the reflected ray. In like
manuer, to the incident ray P a, will correspond the
reflected ray mn ; and, consequently, hecause of the
reflection, the ray P M is continued in the direetion
of the line M N, and the ray P in the direction iof
m m, S0 that we have the angle A M N, equal o
BM P, and the angle A m 7, equal to the angle
BmP. This property is thus enounced : The angle
of veflection is abways equal to the angle of incidenge.
~ I have already taken notice of this. striking pro-
perty ; but my design, at present, is to show what
the phenomena in vision are, which result from fit,
First, it is evident, that an eye, placed at N, will e~
ceive from the luminous point P, the veflected riy
MN; thus the ray which excites in that eye the
sensation of the body from whence it proceeded,
comes in the direction M N, just as if the object|P
were in some point of that line; hence it fallaws
%ahtd the eye must see the object P in the direction

In order the more clearly to elncidate this fact, we

must have recourse to geometry; and yon will xe-

collect with pleasure theé propositions on which the
following reasoning is founded. Let the perpendi-
cular ray P Q be produced on the other side the

mirgor to R, so that Q R shall be equal to B Q; I

will show you that all the reflected rays, M N, and
mn being produced behind the mirror, must mdet

in-that point. For, taking the two triangles PQ M

and R Q M, they have first the side M Q eommén

to both; then the side Q R was made equal to the
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sidee]2 Qyoand, finally, the angle P QM being a
night.:angle, its- adjacent angle R Q@ M must. like-
wise-be.a right angle (Euclid's Elements, Book 1.
Brap, 18.) "Therefore these two triangles, having
each. an ‘equal angle .contained by two equal sides,
shall:be every way equal (Euclid, Book 1. Prop. 4.),
and:eonsequently the angle P MQ equal to.the angle-
R MQ. - Butthe angle A M N, and the angle R ]
Q, being vertical, are equal to. each other {Eueclid,
Bogk I.:Prop. 14.), therefore also the angle A M N
shall be equal to the angle P M Q; that is, the angle
of veflection shall be equal to the angle of incidence.
i+ In the same manner it is demonstrated, that the re-
flected ray m % being produeed, would likewise pass
through- the point 1%, and consequently produce in-
the . eye the same: effect as if the object P were ac-
‘tually placed behind the mirror at R, this point being

. i the perpendicular P Q R, at the same distance as

P from the surface of the mirror, but .on diffevent
sides. 'This will enable you to comprehend clearly
-why mirrors represent objects as if they were behind
them ; and why we judge that these objects ave placed
as far behind the surface of the mirror as they really
are before it. It is thus that {he mirror transports ob-
Jeots into another place, without changing their ap-
pearance., To distinguish in the mirror that apparent
object from the real, we name the apparent .chject
the image, and we say that the images represented
"by yeflected rays are behind the mirror. This de-

‘nomination serves to distinguish real objects from
ithis images of them represented in-mirrers; and:the
“images which-we see in mirrors are perfectly equal

#nd. similar to the objects, with this exception, . that

" -what in-the object is on the left appears in the Image

on: the right, and reciprocally. Thus a person wear-

-ing his sword on the left side, appears with it in the

mirrorion his right.
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From what has been said, it is always easy to settle
the image of any object whatever behind the mirror.

For'A B (Prate L Fig. 18.) being a mirror, and
E ¥ an object, say an arrow: draw from the p!pints
E end F the perpendiculars £ G and F H, t¢ the
surface of the mirror, and produce these to e and
%0 that E G shall be equal to ¢ (3, and F H to S H,
e,/ will be the image sought, which will be equalto the
object E T, because the quadrilateral figure G elf H
is in all respects equal to the quadrilateral figure
GEF H. Itmustbestill farther remarked, that were
you even to eut off from the mirror a part, as € B,
and A C was the mirror, the image e # would not be
changed. And consequently when the mirror is not
snfficiently large to admit the falling of the perpen-
dicolars ¥ G and ¥ H upon it, we must suppose the
plane of the mirror to be extended, as we produce
lines in geometry when we want to let fall perpendi-
culars upon them, What I have said respects pnly
common mijrrors, whose surface is perfectly plain,
Convex and concave mirrors produce different effects.

Tth August 1160,

Lerren XXX VIIL—Reriecrion or Ravys rpom

Coxvex anp Cowncave Mirronrs.’ Bunmine
Mirrors,

Eveny thing relating to the refiection of rays is
reduced, as you have seern, to two things ; the one of
which is the place of the image which the reflepted
rays represent; and the other the relation of the image
lo the object. In ordinary or plain mirrors, ‘ the
Image of the object is behind the mirror, at a \dis-
tance equal to that of the object before the mirror,
and it is equal and similar {0 the object. To both
of these cireumstances we must attend when the #nir-

Tees. 36
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ror i not. plain; but when its surface is convex or
cangave; fon in either case the image is, for the most
p?afft;‘strangely disfigored. You must frequently have
remarked that on presenting any object before a
spoan very highly polished, you see its image greatly
disfigured, whether reflected from its interior surface,
Whigi is concave, or from its exterior, which is convex,
~ «A .globe of silver, finely polished, represents ob-
Jects with sufficient accuracy, but in miniature, If

1 the interior surface of the globe is well polished, ob-

jects appear upon it magnified ; provided always that
they are not too distant, For the same objects may
likewise appear smaller and inverted, if they are re-
moved far from the mirror. Thereis no occasion to
take a whole globe; any part of its surface whatever
produces the same effect.  These mirrors are deno-
minated spherical; and there are two sorts of them.
The one is convex and the other concave, according
gs they are taken on the exterior or-interior surface
of the sphere. They are compounded of various
metals, susceptible of a fine polish; whereas plain
mirrors are made of a plate of glass, and covered on
one side with a preparation of mercury, designed to
stop the.passage of the rays, and to reflect them, I
begin with convex mirrors, S
“Let A C B (Prate I. Fig. 19.) be a mirror, the
segment of a sphere, whose centre is G. If you
- place before this mirror an object E, at a great dis-
tance, its image will appear behind the wmirror, at
the point D, the middle point of the radins of the
sphere C G ; and the magnitnde of this image 'will
be ta that of the object in the relation of the lines
(D and .C E: it will therefore be in this case mnch
swoaller than the object, as the line C D is in effect
much smajler than the line C E., If the object E
approaches to the mirror, so likewise will its image.
This js.all demonstrable en geometrical principles,



118 REFLECTION OF RAYS Liet. 38.
by supposing that any ineident ray whatever; say
E M, is reflected in the direetion of M N, so thatthe
sngle B M N may be equal to the angle C:MHE,
Thus, when the eye is at N, veceiving -the:reflected
rag M N, it will see the object E, according tq that
divection, and will -ohsexve it in the mirrqr gt-the
point D; or, in other werds, D will be the ima 2. of
the object placed at B, but.smaller, It is likowise -
easy to.see, that the smaller the sphere is, of which
the mirror is a segment, the more likewise ig the
imagé diminished, ,

I proceed to coneave mirrors, the use of which is
Very common on many oceasions, Let A C B
(Prars I. Fig, 20.) be a mirror, forming part of a
sphere, whose centre is G, and G C a radins.  Let
us suppose an object K very distant from the mifror,
its image will appear befere the mirror at ‘D the
middle point of the rading C G; for any ray of light
whatever, £ M, from the object E, falling onthe
surface of the mirror at the point M, will be rei‘l[iect-
ed thence in such a manner as to pass through the
point D; and when the eye is placed at N, it; will
see the object at I} ; but this image will be td the
object in the ratio of C D to C E, and consequ !ntly
in this case smaller than it. And when you bring
the object nearerto the mirror, the image retires;
the object being placed even at the centre G,, the

image is there likewise.- If you bring the object il - k.

forward to D, the image will ratire infinitely beyond
E. But if the object be placed still farther for iard,
between C and D, the image will fall behind| the
mizror, and appear greater than the objeet.
‘When you look at yourself in such a mirroxd,. at
some point between D and C, your face will appear
frightfully large. This is explained by the natuge of
reflection, in virtue of which the angle of ineidence
EMA;is always equal to the angle of veflection

Tet..28,
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%€ M N. To this species must be referred burning

irrors, and every coneave.mirrer may be employe

@®Eburn, This remarkable property merits a more
_partieular explanation. - :

rLet A B C (Prare L. Fig. 21.) be a conca_vé P
ror, whose centre is G, and instead of the objeet, let

‘the sun be at E; his reflected rays will represent the

image. of the sun at D, the middle Qoipt‘b'etwe_en C
and G. Now, the magnitude of this image will be
determined. by the extreme rays $ C, S C.. This
image of the sun will be accordingly very small 5 and
as-all the rays .of the sun which fall on the mirrox
A B: C are reflected in this image, they will be eol-
lected there, and will have so much more force, a8
the image D is smaller than the surface of the mir-
ror. But the rays of the sun are endowed with the
property of heating the bodies on which they fall, as
well as that of illuminating them ; hence it fo]lows,-
that there must be at D a great degree of heat; and
when the mirroris sufficiently large, this heat may
become stronger than the most ardent fire. ) In fa_ct,
by meaus of such a mirror you may burn in an in-
stant any combustible body, and even melt metals. of
every kind, It is the image of the sun alone which
produces these surprising effects. This image is
usually denominated the focus of the mirvor; it falls
always in the middle point of the radius C G, be-
tween the mirror and its centre G.

- ¥You must carvefully distinguish buarning mirrors
from burning glasses, of which I shall give some ac-
gount in my next letter.

©T ek August 1760,
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Lerrer RXXIX.—Ox DIOPTRICS. .

Havine explained the principal phenomen L of

Catoptrics, which result from the reflection of the yays
of light, I proceed to treat of Diopirics, WhOSJOh—

ject is to unfold the phenomena of the 1'eﬁ'actior of

rays, which takes place when they pass through
ferent transpavent mediums. A ray of light does
not'pursue the same straight line, unless it continues
its progress through the same medinm. As soon as
it enters another transparent medium, it changes its
direction mere or less, according as it falls upon if
more or less obliquely. There is only ene case in
which it pursues a rectilinear course, namely, wﬁ:en
it enters the other medium perpendicularly. ;
The instruments principally to be considered in
dioptrics, are the glasses employed in the construc-
tion of telescopes and microscopes. These glasses
are of a circular form, but with two faces. Every
thing relating to them is reducible to the figurg of
these two faces, which may be plain, or convex, or
concave. Their convexity, or concavity, is always
equal to that of a sphere, of which the radins must
be known, it being cousidered as the measure of|the
curve of those surfaces. This being laid down, ! we
shall have several kinds of dioptric glasses. '
The first species, No, I (Prare I. Fig. 22)); is
that whose two faces are plain. By entting a cincu-
lar piece out of a plate of glass of equal thickness,

we shall have one of this species, which makes! no-

change on objects either as to magnitude or distance.
Glass No. IT. has one of its surfaces plain, and the
other convex; and such are termed planc-comyex,
The third species, No. IIL, has one face plain, and
the other concave; and these are called plano-con-
cave. The fourth, No. IV.,, hns two convex s,fu‘-
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, faces ; and is called double-convez. No, V. has two
. goncave swrfaces, and is called double-concave, The
mpecies Nos. VI, VII have one surface convex, and
the:wther eoncave; and we give them the name
of: meniscus. All these lenses are reducible to iwo

<classes ; the one containing these in which convexity
tprevails, as Nos, IL IV, VL ; in the other, concavi-
ty is predominant, namely, Nos. ITI. V., VII. The

_former class is simply denominated convex, and the

latter concave, ‘These two classes are distingunished

. by.the following property.

- Let A B (Prate L. Fig. 28.) be a convex glass,
exposed to a very distant object, E F, whose rays,
G A GC, GB, fall on the glass, and passing
through it, undergo a refraction, which will take
place in such a manner, that the rays proceeding
#rom the point G shall meet on the other side of the
glass in the point g. The same thing will happen
to:the rays which praceed from every point of the
phject. By .this alteration all the refracted rays,
A l, B m, Cn, will pursue the same direction as if
the object were at ¢, g, f; and inverted ; and it will
Appear as many times smaller as the distance C g
shall be contained in the distance C G. We 52,
then, that uch a glass represents the object E F
behind it at e £; and this representation is called the
ir:age, which is consequently inverted, and is, with
the object itself; in the ratio of the distances of the
glass from the image, and of the glass from the ob-
Ject. - :

..oIt is clear, then, that if the sun were the objeet,
the image represented at J would be that of the
sun ; though very small, it will he so brilliant as to
dazzle the eye, for all the rays which pass through
the glass meet in this image, and they exercise their

- donble power of giving ight and heat. Fhe heat

there is nearly as many times greater as the surface-
VOL, 1. 7
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of the glass exceeds in magnitude the image of the
sun, named its focus, from which, if the glass'be
very great, you may produce the greatest etfects gf
heat. Combustible substances placed in the: focus
of such a glass, are instantly consumed. Metals !?re
melted, and even vitrified by it; and other effects
are produced far beyond the reach of the most active
and intense fire, -
The reason is the same as in the case of burning
mirrors, In both, the rays of the sun, diffused ofer
the whole surface of the mirror or glass, ave collect-
ed in the small space of the sun’s image. The only
difference is, that in mirrors the rays are collected

by reflection, and in glasses by refraction. . Such is .

the effect of-convex glasses, which are thicker in the
middle than at the extremities, and which I have Te-
presented in Nos. I IV, and VI. Those repfe-

sented in Nos. ITI. V. and VIL are thicker at the ¢x-

tremities than at the middle; and heing all compre-
hended under the term concave, produce a contrary
effect.

Iet A CB (Prate 1. Fig. 24.) be a glass of thi
form. If you expose to it, at a great distance, the
object E G F, the rays G A, G C, G B, procedd-
ing from the point G, will undergo a refraction, on
leaving the glass in the direction of A I, Cm, and
B #, as if they had.issued from the point g ; and lan
eye placed behind the ]-%lass, at s, for example, vﬁ]l
see the object just as if it were placed at e g f; and
in a situation similar to that in which it is at the
point G, but as many times smaller as the distance
C G exceeds the distance G g, Convex glassps,
then, represent the image of a very distant object
behind them, concave glasses represent it befare
them ; the former represent it inverted, and the I%Lty
ter in its real situation. Tn both the image isias
many times smaller as the distance of the object frgm

Let. 40. OF BURNING GLASSES, 123

the il_ass,_ exceeds that of the glass from the image.
rott Buls'property of glasses is founded the constrg.
o of telescopes, spectacles, and'microscopes,

- 11tk August 1760,

- LETTER XL.—CoNTINUATION, Or Buanine
Grasses, aNp TaEIR Focus,

Convex glasses furnish some farther ve .
which T beg leave to lay before you, I spa‘;:allli1 alff:(:.
of those glasses in gencral which are thicker in the
middle than at the extremities; whether both s
faces be convex, or one plain and the other convex :
or, finally, one concave and the other convex: proj
vadf-:d, however, that the convexity exceed the Con-
cavity, or that the thickness be greater at the middle
than at the extremities. It is farther supposed, that
the glasses have a spherical figure, IR

¢ They have first this property, that being exposed
to the sun, they present behind them a focus, which

- is the image of that luminary, and which is endowed,

like it, with the property of illuminating and buyn
ing. The reason. is, that all the rays i%:suing ﬁuroia
the sun, and falling: on this surface, are collected b
the refraction of the glass into a single point. The -

same thing happens, whatever be the object expased

ta-such a glass‘; it always presents the imaoe of it
which you see instead of the object itself,, The fo’lz

lowing figure will render what T have said more in.

te;ll—ig_ible,

__F:.Let ABCD (Prare I, ZLig. 25.) be a-convex
gl_a.ss, _I)efc!re which is placed an objet E G F, of
which it will be sufficient to consider the three points

- L G, F. The rays which, from the point E, fali

upon the glass, are contained in the space A E B;

and are all collected in the space A ¢ B by refrac-
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Let. 40.

‘ i i he same man-
i to meet i the point c. Int
32:"512: afays from the point G, which- fall on, 1%?
lass, and which fill the space A G B, are GTPIB
lglend:ad by means of reﬁ'actionnm tt%:e spam}1 A ﬁﬂn ;
i int o. Finally, the rays irod
and meet in the point g > e Taye N
- T which fall on the glass 10 the ang [ B,
point B o to meet in the point /. Thus we
iﬁiﬁe&ﬁeﬁ: z:saa(g)eme gfin an jnverted poaﬁ}og
behind the glass; and an €ye placed. at O, b‘a m.f
the image, will be affected in the same manner as T
ﬁz ob'egct’ were at ¢ g f inverted, and as man% 1;11‘.111_:5
smallejr as the distance 1D g 18 gmaller than the dis-
tﬁ‘-nIC: c(;d?; to determine the pj}aca offtlzf imlag(; ;g {";
' the form of the glass/as
we st attend as We’.l.l to : e glass 23 50
istances ¢ As to the fivst, 1€ may
the distance of the object. s e
coarlced. that the more COnvex the g is,
iilr:}infoi;is :he more that the thickness of the mid-
dleeC D ex::eeds that of the extremiiies, the nearer

e ag i i rard Lo the : -

the Image W'l]l he t0 18 sm‘face. V\;lth regal }

dis.t‘ance. if yO'll brmg the object E F nearer ‘tD the ;
. H

glass its image e f vetires from it, and reciprocally.
] H

hen
@ 1 t be nearver to the glass thal.l} whes

gxk;e ;Ei%f ;;:—3'1:11:05. very great d}ilstam;‘e 1flrom it ;V ;fﬂl;
he - distance as that of the sun,

g:aenwﬁctlllleissa?eiominated the fg;ns- ;}f ﬁ?;“einl:;lgsé
be, A is very stant,

‘When the object; then, s v s oving ge
‘n the very focus; and the nearer you b

iag:il 0 :he g{rass, t‘nr&: further the image retives from

to it. :

T

: toptiics, Dy
i 1 nformity to 8 law In dieptrics, |
ieﬁsd ;}1 i:h]i%hc‘;ou cantglways da;te{;mni f;l;i péal..e(:)e
i ery distance of the object, pro-
0?;]15 H:gglfﬁoﬁrtﬁzegcius of the glass, that 15, i1;'113
:Jilis:ange at which it collects the rays of the sun, 3
space sufficiently small to set on five a body expose
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“¢Fhe -point where ,the rays meet is, as has been
said; the place of the image. Now, this point iy
gasily found by experjence. The different denomi-
nations of glasses are derived from -it, as when we
88y, such a glass has its focus at the distance of an
inch, another at the distance of a foot, anpther at
the distance of ten feet, and so on; or, more con-
‘cisely, a glass of an inch, a foot, or ten feet focus.
‘Long telescopes vequire glasses of a very distant fo-
cus, and itis extremely difficult to make them exact.
T once paid 150 crowns for one lens, which I sentto
the academy of Petersburg; it has its foeus at the
- distance of 600 feet.* I am convinced it was of no
- great value ; but they wished to have it on account
‘of its rarity. o .
To be satisfied that the representation of the
“image ¢ g f; in Figure 25, is real, you have only
‘to hold at that place a piece of white paper, the
‘particles of which are susceptible of the gi.ﬁ‘event
kinds of vibrations on which colours depend. Then
“all the rays from the point E of the ohject, on meet-
ing at the point e, will put the particles of the paper
into a movement of vibration similay to that which
the point E has, and consequently you will see the
point £ of the same colour as the point E. In like
manner the points g and £ will have the same colours

a8 the points G and T of the object; and you will
_ likewise see on the paper all the points of the object

expressed in their natural colours ; which will repre-

_sent the most exact and the most heautiful picture

of ‘the object. This will succeed perfectly well in a

_}dark room, by applying a convex lens to a hole
_ made in the shutter.

ou will then see on a shest

# The largesi lenses ground by Campani of Bologna, had 2 focal length

of 180 and 136 feet.. Huypens presented to the Royal Society two lenses,

ane of which was 120, and the other 123 feet in focal length,— R, !
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of white paper, placed opposite to the aperture in
the shutier, all the external objects so exactly paint-
ed, that you may trace them with a pencil, = Pajnt-
ers make use of such a machine for designing land-
scapes and other views.* '

131,’71 August 1760,

Lerrer XLI.—Or VisIoN, AND THE STRUCTURE
s OF THE HyE,

I am now enabled to explain the phenomena of
vision, which is undoubtedly one of the greatest
operations of nature that the human mind can eon-
template. Though we are very far short of a per-

* The theary of light adopted and llustrated by Euler in the preciding
letters, was originally proposed by Huygens, in his Zhaisé d lo Luwﬁiﬁrﬂ,
published in 1690, In this ingenious work lie has’ shown how all the
phenomena of refraction and reflection may be explained snd calenlated,
by the hypothesis, thas light consists of andulations of an etherea]l medium f
and he eonsiders it as supported by the phenomena of double refragtion.
Notwithstanding the attempts of Kuler to revive fhis theory, it fell| into
fc{fa.l'neg]ecl:, and was veceived in no part of BEurope as o branch of sound
physics,

Aboyt the yenr 1800, Dr. Thomes Youns ventured to maintain it, almost
single handed,” ogainst the rest of fhe philosphical world. He pointed out
its applicability to explain a great varisty of natural phenomena, that conld
ot he referred to any general prineiple ; and by his discovery of the law
of interference, he may he said to have estublished the theory of undula-
tions, ‘The singnlar phenomena af the palavization, and the donble vefrad-
ton of light, which were afterwards discovered, have suecessively found an
explanation in the theory of unduletions; and some of the recent discoveries
in that branch of optics may be considered gs placing it upon the firmest
basis. .
. The Newfonian doctrive, of the emanption of luminous particles, we
have always regarded as the true one. A partiality for the name of ita|great
founder,i—the simplicity with which it explains the genersl phenomeng, and
perhaps a poriion of netional feeling, bave conspired to give it permapency
in this countzy. The foree of fiuth, however, compels us to acknowledge,
that the theory of undulations is likely to be soon adopted by every philo-~
sopher ho hos stadied the vest variety of phensmena which it entbrapes and
explains. An account of the Buygenian theory of light will be found iu
the Edinburgh Encyelopedia, Avt, Optics, vol. xv. p, 524, —Jin,
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feet knawledge of the subject, the liitle we do know
of.it is more than sufficient to convince us of the
power-and wisdom of the Creator. We discoverin
the structure of the eye perfections which the most
exalted genius could never have imagined. )

. I shall not detain you at present with an anatomi-
cal description of the eye. It is sufficient to remark,
that the exterior membrane 2 A b (Prare I. Fig. 26.)
is transpavent, and is called the Cornea of the eye;
behind this, on the inside, is another membrane & =,
&' m, circular and coloured, which we call the Irss, in
the middle of which is an aperture m m, called the
Puypii, which appears to us to be black. We find
behind this aperture, the Crystalline kumour, b B C a,
which is a body somewhat resembling in form 2 small
burning glass; it is perfectly transparent, and is
cavered with a thin membrane, called its Capsule.
Behind the crystalline humour the cavity of the eye
is filled with a transparent jelly, called the vitreous
humonr., 'The anterior space between the thick coat
a-A:b, and the crystalline @ b, contains a fluid like
.water, which, for that reason, is called the Agqueous
humou. ;
~:Here, then, are four transparent substances,
through which the rays of light that enter into the
eye must pass: 1, the anterior coat, or cornea ;
2;: the agquecus humour, between A and B; 3,
the erystalline 8 B C a; 4, the witreous humour.

-‘These four substances differ as to density ; and the
Tays passing from one to another, undergo a parti-
.gular refraction; and they are so arranged, that the
:rays coming from a point of any object, are still col-
‘lected within the eye in a point, and there present
‘an image. :

The bottom of the eye at B G F, or the retina,

‘15 furnished with a whitish tissue, adapted to the re-
ception of images : and it is thus, you will please to
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recolleet, that the images of objects may be repre-
sented on & white ground. Conformably to the same
principle, all the objects, whase rays enter into the
eye, are found painted on the retina, Take the eye
of an ox, and having removed the. exterior parts
which cover the retina, you will see all the objects
painted there so exactly, that no artist could surpass
it, or even arrive at such a degree of perfection.
And in order to see any object whatever, the object
must always be painted on the retina; and when,
unfortunately, any of the parts of the eye ave in-
juﬁ;d, or lose their transparency, the person becomes
blind. ' ‘ :

But it is not sufficient, in order to our seeing ob-
jects, that their images should be painted on the re-
tina; some are blind, though this takes place.
Hence we see that images painted on the refina are
not, after all, the immediate object of vision, and
that the perception of the soul is communicated
some other way. The retina is a reticulated contex-
ture of nerves the most subtile, communicating with
a great nerve, which, coming from the brain, enters
the eye at O, ‘and is denominated the optic nerve.
These small nerves of the retina are agitated by ithe
rays of light which form the image at the bottor of
the eye; and this agitation is transmiited by the op-
tic nerve to the brain. It is there, undoubtedly,
that mental perception is formed ; but the most dex~
terous anatomist is nnable to pursue these nerves to
their source—the union of the soul with the body
must for ever remain a mystery. oo

15tk August 1760.
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Lerrer X1LIL — ConminvaTioy. WONDERS DIS-
., COYERAELE IN THE STRUCTURE OF THE Hyr.

. Ir will not be disagreeable to you, I hope, to con-
template with me, somewhat meore attentively, the
wonders disepverahle in the struoture of the eye.

;.-And, first, the pupil presents an object highly wor-
thy of admirvation. It is that aperture which we
find in the middle of the ivis or star m m, by which
the rays pass inte the inside of the eye, and swhich
appears black. The larger it is, the gyeater quan-
ity of rays can enter into the eye, to form .on.the
yeting the image which appears painted there; thus
the more the pupil is opeped, the more brilliant this
gmage will be, S aed
t...0n carefully examining the human eye, we oby
serve that the aperture of the pupil is semetimes
greater and sometimes smaller. "It is generally re-
marked, that the pupil is contracted when exposed
f@ a very strong light; and, on the contrary, very
much dilated when the light is faint. This variatien
is absolutely necessary to the perfection of vision,
When we are in a very sivong light, the rays being
more powerful, fewer of them are wanted to agitate
the nerves of the xetina; ithe pupil, accordingly, is

then mare contracted. Waere it more.dilated, and

gpnsequently admitted meve rays, their foree wonld
agitate the nerves tao violently, and occasion pain,
It is for this reason we are unable to look upon the -
sun withont being dazzled, and without experiene-
ing a sensible pain in the bottom of the eye. -
Were it possible for us to contract the pupil still
meve, so as to admii only a very small quantity of
rays, we should not be very greatly incommaoded hy
it; but the contraction of the pupil is not in our
F2 ‘
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own power. Eagles possess this advantage, and ave
able to look directly at the sun; it is accordingly
remarked, that their pupil is then so much contract-
ed, as to appear rednced to a point—a clear light
requiring a very small dilatation of the pupil. In
proportion as.the light decreases, the pupil’ dilates,
and in the dark it is so enlarged, as almost to ocen-

- py the whole of:.the ivis. If it remained in the same

state of contraction as in the light, the rays which
enter into.it would be too weak to agitate the nerves
as. much as is necessary to vision ;. the rays inust,
therefore, be then. admitted in greater abundance,
in. order to produce a sensible effect, . - ‘

i Were..it .in our power to open the pupil still

1mare, % we should be able to see in a greater degree
of darkpess. , To this purpose we are told of a per-
son, who, having received a blow on his eye, the
pipil was so dilated by'it, that he conld read and

digtinguish the minutest objects in the dark. Cats;

and several other animals which roam in-the dark,
have the faculty of énlarging the pupil much more
than the human species ; and owls have theirs at all
times too much dilated to bear even a moderate de-
gree of light, ,,- . o , i

.. Now, when the pupil of the human eye dilatas or

contracts, it is not by an act of the will; man not -

having the power of dilating or contracting the- pu-
pil at pleasure. As soon as he enters into a lumi-
nous sijuation, it spontancously contracts, and di-
lates on his return to darkness. But this change
is, not. prodnced in an instant; it requires a litile
time for this organ to accommodate itself to cireurn-
stances. ' ;

* Although we cannot do this by musenlar exertipn,. yet by puiting a
drop of the juice of the Belladonna, or of the Hyoseyamus, npon the eye, the
pupil will'dilate itself in an extroavdinary defree, and retain iiself in that siute
for one or fwa howrs.—TBn. )
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. ¥ou mhust, no doubt, have remarked, that as often
as-you make a very sudden transition from a clear
light to a dark place, as in the theatre, you could
not. at first distinguish the company, The pupil .
was still too narrow te permit the few feeble rays
which it admitted to make a sensible impression ;
but..it gradually dilated to receive a sufficiency of
rays. The contrary happens when you pass sud-
denly from darkness to 2 clear light.  The pupil
being then very much expanded, the retina is struck
in:a lively manner, you are guite dazzled, and under
the.necessity of shutting your eyes. o
It is then a very remarkable circumstance, that
the pupil should dilate and contract according as
¥igion. requires, and that this -ch?lnlge should iake
place almost spontaneously and independently of
gny act of the will. Philosophers who examine the
stoucture and the functions of the human body, ave
greatly divided in. opinion as to this subject; and

* there is little appearance that we shall ever have a

satisfactory solution of this wonderful phenomenon.
The variability of the pupil is, however, an object
esgentially necessary to vision; and without which
‘it would be very imperfect. But various other pas-
ticulars ave discoverable, equally éntitled to admira-
tiom. _ '
17tk August 1760.
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Lopren XLIIL—FarTHER CONTINUATION,-—
-+ ASTONISHING DIFFERENCE BETWEEN THE FYE oF
AN ANIMAY, AND THE ARTIFIcIAL ByE, on Ca-
mERA OBSCURA, '

~

i ;5,.'];‘1133 principle on which the structure of the eye -
is founded, is in general the same as that accord-
ing to which I explained the representaiion of ob-





