’ Let, 4.
T4 REFUTATION OF NEWTON 5 SYSTEM. Let

tation in pronouncing, that this opinion is totally.
};zi:atz:ble inpphilosophy, or rather, m ];)hysms.t1 {
cannot, however, flatter myse_lf_ with the hopétla, t]g .
hilosophers, wedded to opinlons once adop 1?, t,
Is)hould yield to these reasons. But the naturalis ]
who is more nearly related to the J:nathe.matmlal?,,=
will have less difficulty in resigning an opmloillll, o:e}-
thrown by reasons so convincing. Youw -?fﬁﬁ
reeollect what Cicero has said on this subject: Tt
nothing so absurd can be conceived, as notto
supporied by some philosopher. In fact, however
slterahoe the system which I have been refuting mag
appeac:r to you, it has hiﬂlettﬁo been propagated an
sfended with mueh warmth.
&eili:.niiei‘inpossible tp say, to what a degreeb the dlf:
Geulties and contradictions which I have eell em:
deavouring to expose, Were unknown to, 1911 ove;
looked by, the partisans of this system. : ?; greil !
Newton himself strongly felt their force; t]JB a3 he
rested in a very untenable idea I'GSPECtl:ﬁg e ]ﬁlo':;
aoation of light, it is not to be \‘vvoudel_,e_ at,d ;a{n
lge‘:’ should overlook these great difficulties’ 321 . n
eneral, depth of understanding does not alway
}glrevemz a man from fallingbmtodabsurdlty in sup-
ing inion once embraced. .
P oxﬁmicifa ?h?spgr;tem, that gpaque bodies are rendt‘n:—
ed visible by reflected rays, be false—say, its };ﬁ;l;ﬁ;
sans, what then is the trme one? . They .evenf e
it iu;possible to imagine a:nother explanaﬁgn od th
henomenon. 1t is, besides, rather hard and u.:
gﬁ]iatin for a philosopher to acILEInowleg(gie r?t]ﬁgr
ubject whaiever. € wou athy
iuai:ii:;a;n iﬁz ;rogsest absurdities ; especially 1f he
possesses the secret of .'mvolving them in ?%stezogls
terms, which no one 18 capable of compgie enEertg(;
For in this case, the vulgar are the more :Eots 1
admire the learned ; taking it for granted, that w

Let. 25. OPAQUE BODIES YLLUMINATED, 5

is obscurity to others, is perfectly clear to them.
‘We ought always to exercise a little mistrust, when
_ very sublime Imowledge is pretended to—Jknowledge
top sublime to be rendered intelligible, I hope I shall
be able to explain the phenomenon in question, in
such a way as to remove every diffienlty.
1st July 1160.

Lerrer XXV.—A piyrereNT EXPLANATION oF

™HE Manwer 1v waica Opagur BoDiEs 1riu-
MINATED BECOME VISIBLE,

ArL the phenomena of opaque bodies, which I
have nunfolded in the preceding letter, incontestably
demenstrate, that when we see an opaque body illu-
minated, it is not by rays reflected from its surface
that it becomes visible, but because its minuter par-
ticles are in an agitation similar to that of the minu-
ter particles of luminous bodies; with this differ-
ence, howevey, that the agitation in opaque bodies
is far from being so strong as in bodies luminous of
themselves; for an opaque body, however much il-
luminated, never makes on the eye an impression so
lively as luminous bodies do. .

As we see the opaque bodies themselves, but by
ne means the images of the luminous bodies which
enlighten them, as must be the case if we saw them
by the reflection of their smrface, it must follow,
that the vays emitted by opaque bodies are proper

- to-them, just as the rays of a luminous body are pe-

euliar to itself As long ‘as an opaque body is. illu~
minated, the minuter particles of its surface are in 2
state of agitation proper to produce in the ether a

. motion of vibration, such as is necessary for forming

rays, and for painting in our eyes the image of the
body from which they procced. Fer this effect,
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yays must be diffused from every point of the sur-
face, in all directions—as experience evidently con-
firms. Yor, from whatever glde we lopk at an
opaque body, we see it equally in all its points; from
which it follows, that every point emits rays In all
Jivections. 'This circumstance essentially distin-

uishes these rays from such as are rveflecied, whose
direction is always determined by that of the rays of
incidence; so that if the incident rays proceed from
one single quarter, sgy the sun, the reflected rays
can follow only one single direction.

It must be admitted, then, that when an opaque
body is illaminated, all the particles on 1is surface
are put in a certain agitation, which produces rays,
as is the case with bodies luminous of themselves.
This agitation, likewise,. is stronger, in proportion
as the light of the illuminating body is move in-
tense. 'Thus the same body, exposed to the sun, 13
agitated much more violently, than if, ina mm_n,h it
were illuminated only by day-light; orin the night~
time, by a taper, or by the moon. In the first case,
its image is painted with much greater vivacity on

the bottom of the eye than in the others, especially

the last; the light of the moon being scarcely suffi-

cient to enable us to distinguish, or to read, writing

of o large size. And when the opaque body is ;:lc_m-
veyed into a close xoom, or nto the dark, nothing
is then to be seen—a certain proof, that the agi;ca—
fion in its parts has entirely ceased, and that they
are now in a state of rest.

In this, therefore, consists the mnature of opaque .

i i i : lves at vest, or
dies; their particles ave of themse
:t‘:) Teast destitulze'of the agitation necessary to pro-
duce light. But these same particles are so d.lspos-f
ed, that when luminated, or struck with rays o
el

light, they ave immediately put into a certain agita-~

tion, or motion of vibration, proper to produce rays;.
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and the more intense the light is which illuminates
these bodies, the more violent also is this agitation.
As long as an opague body is illuminated, it isin
the same state as luminous bodies; its particles are
agitated in the same manner, and are capable of
exciting, of themselves, rays in the ether; with this
difference, that the agitation kept up in huminous
bodies by an intrinsic force, subsists always of it-
self; whereas, in opaque bodies, this agitation is
only momentary, and produced by the motion of the
light which illuminates them. )

This explanation is consistent with every pheno-
menon, and labours under none of the difficulties.
which determined us to abandon the other, namely,
that founded on reflection, Whoever will take the
trouble candidly to weigh all these reasons, must
admit their force. But a very great difficulty still
remains to be solved: How comes it that illumina-
tion simply, can put the particles of an opaque body
into an agitation capable of producing rays; and that
this agitation should always continue nearly the
same, whatever difference there may be in the illu-
mination ? ‘

I acknowledge, that were it impossible to answer
this question, it would be a great defect in my the-
ory, though it would not amount to a complete re-
futation ; for it contains nothing contradictory. Sup-
posing 1 were ignorant how illumination produces
an agitation in the particles of opaque . bodies, this

‘would only prove that the theory is incomplete : and
till it is demonstrated to be absolutely impossible

that illumination should produce this effect, my sys-
tem must subsist. But I shall endeavour to supply
this defect, by showing you how illumination agl-
tates the minutest particles of bodies.

5th July 1760.
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LerteEr XX VI.—CoONTINUATION OF THE SAME
SUBJECT.

I mave undertaken to show how the illumination
of an opaque body must produce, in its minutest par-
ticles, an agitation proper to excite the rays of light,
which render that same opaque body visible, The
parallel between sound and light, which differ only
m respect of less and more, light being the same
thing relatively to ether that sound is relatively to
air—this parallel, I say, will enable me to fulfil my
engagement. Luminons bodies must be compared
to musical instruments actually in a state of vibra-
tion. It is a matter of indifference whether this be
the effect of an intrinsic or of a foreign power; it is
sufficient for my purpose: that sound is emitted.
Opaque bodies, as long as they are not illuminated,
must be compared to musical instruments not in use ;
or, if you will, to strings which emit no sound till
they are touched. :

The question, then, being transferred from light
to sound, is resolved into this, Whether it be possible
for the string of an instrument in s state of rest,
when brought within the sphere of activity of the
sound of instruments in a state of vibration, to re-
ceive, in certain circumstances, some agitation, and
emit sound, without being touched? Now this is
confirmed by daily experience. If you take the
trouble, during a concert, to attend to a particular
string in proper tune, you will observe that string
sometimes to tremble without having been touched,
and it will emit the same sound as if it had been im--
mediately put into vibration. This experiment will
succeed siill better, if the instruments strike the same
note with the string. Consider attentively the
strings of a harpsichord not played upon, while o
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violin strikes the note ¢, for example, and you will
observe on the harpsichord the string of the same
note begin sensibly to tremble, and even to emit
sound, without having been touched; some other
chords will likewise be agitated, particularly those
which are distant an octave, a fifth, and even a third,
provided the instrument be perfectly in tune.

This phenomenon is well known to musicians ; and
Mr. Ramean, one of the most celebrated French

. composers, established his principles of havmony

upon it. He maintains, that octaves, fifths, and
thirds, must be conaidered as consonances, because
one chord is agitated by the sound only of another
chord, which 'is in unison, or an octave, a fifth, or a
third, from the first. But it must be admitted, that
the principles of harmony are so well established by
the simplicity of the relations whieh sounds have to
each other, that they have no need of a new confir-
mation. In truth, the phenomenon observed by
Mr. Ramean is a very natural consequence from the
principles of harmony.

To render this more sensible, let us attend to two
chords wound up to unison; on striking the one,
the other will begin of itself to tremble, and will emif,
its sound. The reason is abundantly clear: for as
a chord communicates to the air by its trembling a
motion of vibration similar to its own, the air, agl-
tated by this motion of vibration, must reciprocally
make the chord tremble, provided that by its degree
of tension it be susceptible of this motion. The air
being put inio vibration, strikes the chord ever so
little at every reverberation, and the repetition of
strokes soon impresses on the chord a sensible mo-
tion; because the vibrations to which it is disposed
by its tension accord with those of the air. If the
number of vibrations in the air is the half, or the
third, or any other whose relation is snfficiently
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simple, the chord does not receive a new impulse at
every vibration, as in the preceding case, but only
at the second, or the third, or the fourth, which will
continue to increase its tremulons motion, but less
than in the first case.

But if the vibrations of the air have not any sim-
ple relation with that which corresponds to the
chord, the agitation of that fluid will produce no ef-
fect whatever upon it; the vibrations of the cherd,
if there be any, not corresponding to those of the
flnid, the following impulsions of the air dgstroy for
the most part the effect which the first might have
produced ; and this is completely confirmed by ex-
perience. Thus, when a chord is shaken by a sopnd,
that sound must, in order to its being perceptible,

be precisely the same with that of the chord. Other -

sounds which have a consonance with that of the
chord, will produce, it is true, a similar but less sen-
sible effect, and dissonances will produce none at all.
This phenomenon takes place not only in musical
strings, but in all sonorous bodies whatever. One
bell will resound by the noise only of another bell
which is in unison with it, or at the distance of an
oectave, a fifth, or a third.-

The instance of a person who could break glasses -

by his voice, farther confirms what I have advanced.

When a glass was presented to him, by striking it .

he found out the note; he then began to squall in
unison, and the glass immediately canght the
vibration; proceeding to give to his voice all the
force he was able, always preserving the unison, the
vibration of the glass became at length so v19lent,
that it broke. It is confirmed, then, by experience,
that a chord and every other sonorous body is put

into vibration by its kindred sound. The same phe-

pomenon must take place with regard to opaque

badies, of which the minuter particles may be put’
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into a state of agitation by illumination only—which
is the question I proposed to solve. The following
lettex will contain & more ample discussion of it,

8tk July 1760.

Lerres XX VIL—ConcLusioN : CLEARNESS AND A

Covrour oF Qrague Bopres [LnuMinaTED,

AwTER what has been just submitted to your con-
sideration, you will no longer be surprised that an
“opaque body is capable of receiving, from illumina-~
tion alone, an agitation in its particles similar to that
‘of the particles of Inminous bodies, and which gives
them the property of producing rays that render
them visible. Thus the great objection to my ex-
planation of the visibility of opaque bodies is happily
removed ; while the other theory, founded on the .
refleetion of rays, has to encounter difficulties which
grow in proportion as you atternpt to make a more
-direct application of them to known phenomena.
- Itis then an established truth, that the particles
of the surfaces of all bodies which we see, undergo
an agitation similar to that of a chord. in vibration,
‘but their vibrations are much more rapid ; whether
Ait'be that this agitation is the effect of an intrinsic foree,
as:in bodies luminous of themselves, or whether it

- be produeed by the rays of light which fall npon the

‘bodies, that is to say, by illumination, as is the case

-in opaque bodies. It is false, then, that the moon
‘being an .opaque body, reflects the rays of the sun,
~and that, by means of this veflected light, she is ren-
-dered visible to us, as is commonly understood.
+But the rays of the sun falling on the surface of the
-moop, excite in its particles a concussion, from .
~mhich result the rays of the moon; and these, en-

tering iuto our eyes, paint its image there; it is the
D2
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same with the other planets, and with all opaque
bodies, This agitation of opaque bodies, when illu-
mined, lasts only during the illumination which is
the cause of it; and as scon as an opaque body
ceases to be illumined, it ceases to be visible, )
But is it not possible that this agitation, once im-
pressed on the particles of an opaque body, may be
for some time kept up, as we see that a string once
struck, frequently continues to_vibrnte, thongh no
new impression be made upon it? I do not pretend
to deny the fact: I even believe that we have exam-

ples of it in those substances which Mr. Margraff -

presented to you, and which, once illumined, pre-
serve their light for some time, though conveyed
into & dark room. This, however, is an extraor-
dinary case, the vibration of the minuter particles
disappearing in all other bodies with the illumina-
tion which occasioned it. But this explanation,
which thus far is perfectly self-consistent, leads me
forward to researches of still greater importance.
It is undoubtedly certain, that we find an infinite
difference between the paxticles of opaque bodies,
according to the variety of the bodies themselves.
Some will be more susceptible of vibrations, and
others less, and others finally not at all so. This

difference in bodies occurs but too evidently, Ome, -

whose particles easily receive the impression of the
rays which strike it, appears to us brilliant; another,

on the contrary, in which the rays scarcely produce

any agitation, cannot appear luminous. Among se-
veral bodies, equally illomined, you will always re-
mark a great difference, some being more brilliant
than others. But ihere is hesides another and a
very remavkable difference between the particles of
opaque hodies, respecting the number of vibrations
which each of them, heing agitated, will make in a
certain time.
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I have already observed, that this number must
always be very great, and that the subtilty of ether
is such as to require many thousands in a second.
But the difference here may be endless, if some
particles, for example, should make 10,000 vibra-
tions in a second, and others 11,000, 12,000, 13,000,
according to the smallness, the tension, and the -
elasticity of each, as'in the case of musical chords,
in which the number of vibrations given in a second
may be varied without end; and thence it is T have
deduced the difference of high and low notes. .As
this difference is essential in sounds, and as the ear
is affected by it in a manner so particular as to ren-
der it the foundation of the whole theory of musie, it
cannot be called in question, that a similar difference
in the frequency of the vibrations of rays of light
mnust produce a variation as particular in vision. If,
for example, a particle makes 10,000 vibrations in °
a second, and produces rays of the same species,
the rays which enter into the eye will strike the
nerves of that organ 10,000 times'in a second; and
this effect, as well as the sensation, must be totally
different from those produced by a different particle
which should make more or less vibrations in a se-
cond. There will be in vision a difference similar
to that which the ear perceives on hearing sharp or
flat notes. .

You will no doubt be desirous to know inte what
this difference in vision is to be resolved; and what
different sensations correspond to the number, greater
or less, of the vibrations produced in every body
during a second. I have the honour of informing
you, that diversity of colours is occasioned by this
difference ; and that difference of colour is to the or-
gan ol vision what sharp or flat sounds are to the
ear. We have' resolved, therefore, without going
after it, the important inquiry respecting the nature
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of colours, which has long employed the attention of
the greatest philosophers, Some of them have call-
ed it a modification of light absolutely unknown to
us. Descartes maintains, that colours are only a
certain mixture of light and shade. Newfon ac-
counts for difference of colour by tracing it up to
the rays of the sun; which, according to him, are
a real emanation, whose matter may be more or less
subtile ; and thence settles the rays of all the colours,
as red, yellow, green, blue, violet, &e. :

But as this system falls to pieces of itself, all that
has been said respecting colours conveys no infor-
mation; and you are now clearly sensible; that the
nature of each colour consists in the number of vi-
brations produced in a certain time, by the particles
which present them to the eye.

12¢% July 1760.

LerrEr XXVIII.—Narure or CoLOURS IN
PanTicUunAR.

_ THE ignorance which prevailed respecting the true
nature of colours, has occasioned frequent and violent
disputes among philosophers; each of whom made
an attempt to shine, by mainiaining a peculiar opi-
nion on the subject. The system which made colones
to reside in the bodies themselves, appeared to them
too wulgar and too little worthy of a philosopher,
whe ought always to soar aliove the multitude. Be-
cause the elown imagines that one body is red, an-
other blue, and another green, the philosopher counld
not distinguish himself better than by maintaining
the contrary; and he accordingly afirms that there

_is nothing real in colours, and that there is nothing
in bodies relative to them, :
The Newtonians make colonrs to consist in ray:

only, which they distinguish into red, yellow, green,
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blue, indigo, and wiolet; and they tell-us that a body
appears of snch and such a colour when it reflects rays
of that species. Others, to whom this opinion seemed
absurd, pretend that colowrs exist only in ourselves.
This is an admirable way to conceal ignorance; the
vulgar might otherwise believe, that the scholar was
not better acquainted with the nature of colours than
themselves, "But you will readily perceive that these
affected: refinements are mere cavil, Every sim-
ple colour (in order to distinguish from compound
colours) depends on a certain number of vibrations,
which are performed in a certain time; so that this
number of vibrations, made in a second, determines
the red colour, another the yellow, another the green,
another the blue, and another the viclet, which are
the simple colours represented to us in the rainbow.

If, then, the particles of the smrface of certain bo-
dies are disposed in such a manner, thatbeing agitated,
they make in a second as many vibrations as are ne-
cessary to produce, for example, the red colour, I
call such a body red, just as the clown does; and I
see nothing like a reason for deviating from the
common mode of expression, Aud rays which make
such a number of vibrations in a second, may with
equal propriety be denominated red rays; and finally,
when the optic nerve is affected by these same rays,
and receives from them a number of impulsions, sensi-
bly equal, in a second, we receive the sensation of
the red colour. Tere every thing is clear; and I see
no necessity for introducing dark and mysterious
phrases, which really mean nothing.

The parallel between sound and light is so perfect,
that it holds even in the minutest circumstances,
When I produced the phenomenon of a musical
chord, which may be excited into vibration, by the
resonance ouly ol certain sounds, you will please to
recollect, that the one which gives the unison of the
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chord in question is the most proper to shake it, and

that other sounds affect it only in proportion as they -

are in consonance with it. It is exactly the same as
to light and colours; for the different colours corres-
pond to the different musical sounds.

In order to display this phenomencn, which com-~
pletely confirms my assextion, let a dark room be pro-
vided; make a small aperture in one of the shut-
ters; before which, at some distance, place a body
of a certain colour, say a piece of red cloth, so that,
when it is illumined, its rays may enter by the
aperture into the darkened room. The rays thus
transmitted nto the room will be ved, all other light
being excinded; and if you hold on the inside of the
room, oppesite to the aperture, a piece of cloth of
the same colour, it will be perfectly illumined, and

its red colour appear very brilliant ; but if you sub- -

stitnte in its place a piece of green cloth, it will re-
main obscure, and you will hardly see any thing of
its colour. If you place on the outside, before the
aperture, a piece of green cloth, that within the
chamber will be perfectly illumined by the rays of

the first, and its green colour appear very lively.

The same halds good as to all other colours: and I
do not imagine that a more convincing demonstra-
tien of the fruth of my system can be demanded.
We learn from it, that in order te illuminate a
body of a certain colour, it is necessary that the rays
which fall upon it should have the same colour ; those

-of a different colour not being capable of agitating :
the particles of that body. This is farther confirmed .

by & well known experiment. When the spirit of
wine is set on fire Tn a room, you kmow that the

flame of spirit of wine is blue, that it produces only -
blue rays, and that every person in the room appears -
very pale——their faces, though painted ever so deep, -

“have the aspect of death. The reason is evident;
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the blue rays not being capable of exciting or put-
ting in motion the red colour of the face, yau see an

it only a feeble and bluish celour; but if one of the

campany is dressed in blue, such dress will appear
uncommonly brilliant, Now the rays of the sun,
thpse of a wax taper, or of a common candle, ilin-
minate all bodies almost equally ; from whence it is
cencluded, that the rays of the sun contain all co-
lours at once, though he himself appears yellowish.
In truth, when you admit into a dark room the
rays of all the simple colours, red, yellow, green,
bive, and violet, in nearly equal quantities, and blend
them, .they represent a whitish colour. The same
experiment is made with various powders, coloured
in like manner; on being mixed together, a whitish

colour is the result. Henece it is concluded, that

white is not a simple colour, but that it is rather
a compound of all the simple colours; accord-
ingly we see that white is adapted to the reception
af all colours. As to hlack, it is not properly a co-
lour. Every body is black, when its particles are
such that they can receive no motion of vibration,
or when it cannot produce rays. The want of rays,
thevefore, produces the sensation of that colour; and
the more particies there are found in any body net

~ snsceptible of any motion of vibration on iis surface,

the more blackish and obscure it appears.
15t July 1760.

Lerrer XXIX.—Transranency or Bopins re-
LATIVE TO THE TRANSMISSION oF Ravs,

I mave already remarked, that there are bodies
such as glass, water, and especially air, which trans..
mit the rays of light, and, on account of this pro-
perty, are denominated pellucid or diaphanous. The
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ether, however, is the medium in which the rays of
light ave formed, to which this property most inti-
mately appertains; and other transparent bodies are
endowed with it only by means of the ether which
‘they contain, and with which they are so blended,
that the agitations excited by the light may be com-

municated farther, without being interrupted in their

progress. But this transmission is never performed
s0 freely as in the pure ether, though it always loses
something; and this in proportion as the transparent
body is more or less gross. The grossness may
even become so considerable, that the light shall be
wholly lost in it; and then the body is no. longer
transparent. Lhus, though glass be a transparent
body, a great Inmp of glass several feet thick is not
so. In like manner, however pure the water of 2
river may be, you cannot see the bottom where it is
very deep, though you can very easily see it where
it is shallow..

“T'ransparency, then, is a property of bodies rela-

tive only to their thickness; and when this property

is ascribed to glass, to water, &e. it must always be
inderstood with this restriction, that these bodies
are not too gross; and that to every species theve is

a certain measure of thickness, beyond which -the.
body ceases to be transpavent. There is mot one
opaque body, on the contrary, which may not itself’!

become transparent, if reduced to a plate extremely
fine. Thus, though gold is not transparent, gold

leafis so; and on esamining the minuter particles
of all bodies with a microscope, they are found to be-
transpavent. It may then be with truth affimed, . .

that all bodies are transparent when reduced to a
certain degree of fineness; and that no one is so
when too gross.

In common language we denominate transparent.

the bodies which preserve this quality to a certain
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degree of thickness, though they lose it when they
go beyond that bound. But with respect to ether,
it is of its own nature perfectly transparent, and its
extent diminishes not this quality in the smallest
degree. The prodigious distance of the fixed stars
prevents not their rays from being transmitted to us.’
But though our air appears to be of a perfect trans-
parency, if it extended as far as the moon, that trans-
parency would be entirely lost, and would prevent
every ray of the sun, and of the other heavenly bo-
dies, from penetrating to us. We should then be
mvolved in Egyptian darkness, '
The reason of it is evident, and we remark the
same thing in sound, whose resemblance to light is
confirmed in every respect. Air is the most proper
medinm for the propagation of sound ; but the agi-
tations excited in the air ave capable of shaking also
the particles of all bodies; and these again putting
in motion-the interior particles, finally transmit the
vibration throngh the substance of all bodies, unless
they be too thick. There are bodies, then, which,
relatively to sound, are the same thing which trans-
parent bodies are relatively to light; and all bodies
have this property with relation to sound, provided
they are not too thick,. When you are in your

_ apartment, you can hear almost every thing that

passes in the anti-chamber, though the doors are
closely shut, because the agitation of the air in the
anti-chamber communicates itself to the partitions,
and peneirates throngh them into the inner apart-
ment, with some loss, however. Were the’partition
removed, you would undoubtedly hear more dis-
!:mctly. Now, the thicker the walls are, the more of
its force does the sound lose in piercing through
thgm; and the walls may be made so thick, that no-
thing could be heard from without, unless it were ‘
some terrible noise, such as a discharge of cannon.
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This leads me forward to a new remark, that
very powerful sounds may be heard through walls
which are impenetrable to sounds more feeble ; and,
consequently, in order to form a judgment whether
a wall is capable of transmitting sounds, it 1s neces-
sary to take into- the account, not only the thickuess
of the wall, but likewise the strength of the.sound.
Tf the sound is very feeble, a very thin wall is suffi-
¢ient to stop it; though a louder could find an easy
transmission. 'The same thing holds as to bodies
which are permeable only to a very strong light.
Objects not very brilliant are invisible th.rough )
%hass blackened with smoke, but the rays of the sun

orce themselves through it, and it transmits perfectly

well the image of that luminary. Astronomers em-

ploy this method to observe him; for without such '
precantion he would dazzle the eye. And when you -

happen to be in a dark room, with an aperture in
the shutter exposed to the sun, in vain will you at-
tempt to exclude the light, by opposing your hand
to the aperture; the rays of the sun will force them-
selves threugh. _

. Tt is perceivable, at the same time, that the light of
the sun loses much of its lnstre in passing through a
body which, relatively to other objects, is not itself
transparent. But a very strong light may lose much
of its lustre before it is entively extinguished, while

a feebler light is lost at once. A piece of very thick -

glass, then, will not be transparent with respect to
objects less brilliant, though the sm may be visible
through it.

These remarks on transparent bodies lead me ta
the theory of refraction, of which you have fre-
quently heard, and which I shall endeavour to place
in its proper light.

18¢h July 1760.
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. Lerrer XX X.—Or T TrRansMIssioN oF Ravs

orF L1GHT, THOUGH TRANSPARENT MEDIUMS, AND
THEIR REFRACTION,

As long as light moves in the same medium, whe-
ther it be ether, air, or any other transparent body,
the propagation proceeds in straight lines, denomi-
nated rays, as they diverge from the luminous point,
in all directions, like the radii of a circle or a globe
issuing from the centre. In the system of emanation,
the particles darted from luminouns bodies move in
straight lines; the same thing holds in that which I
have had the honour of proposing, in which the agi-
tations are communicated in straight lines, as the
sound of a bell is transmitted in a straight line, by
which also we judge from what quarter the sound
comes; the rays in both systems, then, are repre-
sented by straight lines, as long as they pass throngh
the same transparent medinm ; but they may undergo
some bending, in passing from one to another ; and
this bending is called the refraction of the rays of

light, the knowledge of which is necessary to account

for many phenomena. I proceed, therefore, io lay
down the principles, in conformity to which refrae-
tipn takes place. :

It is an invavisble law, that wheu a ray, snch as
E C (Prare 1. Fig. 8.) falls perpendicularly on the
surface A B of another medinm, it continnes its
progress in the sawme straight line extended, as C F;
it will, in this ecase, undergo no bending or refrae-
#ion. If, then, E Cis a ray of the sun, falling per-
pendicularly on the surface A B of water, or of
glass, it will enter it in the same direction, and con-
tinues its progress in the line C F, which is like-

_ wise perpendicular to the surface A B, so that E F

shall be in one and the_ same straight line, This is
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the only case in which theve is no refraction. But
as often as the ray does not fall perpendicularly on
the surface of another transparent body, it does not
pursue its progress in the same straight line ; it
recedes less or more from it, and undergoes a ré-
fraction,

Let P C (Prate I Fig. 9.) be a ray, falling obli-
quely on the surface A B, of another transperent
medium,
continue its progress in the direction of the line
C Q, which is the line P C produced ; but will re-

cede from it, in the direction of the line C R, or
C S. It will undergo, then, at the point C, a bend- -

ing, which we call refraction, which depends partly
on the difference of the two mediums, and partly on
the obliquity of the direction of the ray P C.

In order to comprehend the laws o this bending,
it is necessary to explain certain terms employed in
treating this subject.

1st, 'The surface A B, which separates the two
mediums, that from which the ray comes, and that

into which it enters, is called the refiacting surface.

2dly, The ray P C, which falls upon it, is called
the incident ray ; end, 3dly, the ray C R, or CS5,

which pursues, in the other medium, a course differ-
ent from C. Q, is called the droken or refracted ray.’

And, having drawn through the surface A B, the
perpendicular line E C ¥, we call,. 4thly, the angle

P C E, formed by the incident ray P C, with the-

perpendicular B C, the angle of incidence ; and,

5thly, the angle R C ¥, or S C F, formed by the:
refracted ray C R or C 8, with the perpendicular

C T, is called the angle of refraction.

Therefore, because of the bending which the ray
of light undergoes, the angle of refraction is not
equal to the angle of incidence B C E; for produc-
ing the line P C to Q, the angles P CEwdFCQ

On entering into this medium, it will not

. Let. 80.
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being vertical, are equal to each other (Euclid’s Ele-
ments, Book I. Prop. 15.), as you will easily recol- .
lect. The angle @ C T, then, is equal to the angle
of incidence P C E; therefore, the angle of refrac-
tion RCFor 8 C T, is greater or less. There
are, then, only two cases which can exist; the one,
in which the refracted ray being C R, the angle of
refraction R C F, is less than the angle of inci%ence
P C E; and the other, in which the refracted ray
being C 8, the angle of refractionis greater than the
angle of incidence P C K. In the former case, we
say, that the ray C R approaches the perpendicular
C'F; and in the other, that the refracted ray C S,
recedes or deviates from the perpendicular, '

It is necessary, then, to inquire, In what cases the
one or the other of ihese changes will take place ?
And we shall find, that this phenomenon depends on
the difference of the density of the two mediums, or
hecause the rays ave transmitted with more or less
difficulty through each of them. To prove this, it
must be recollected, that ether is of all mediums the
most rare, and that through which rays are trans-
mitted without the slightest resistance. After .it,
the other common iransparent medinms are thus ar-
ranged: air, water, glass; thus glass is a mediom
mlc;re dense than water ; water than air; and air than
ether, :

This being laid down, we have only to attend to
these two general rules: lst, When rays pass from
a medium less dense into one which is more so, the
refracted ray approaches the more to the perpendi-
cular, This is the case, in which the incident ray
being P C, the refracted ray is C R. 2dly, When
the rays pass from a mediom more dense, to one less
so, the refracted ray recedes from the perpendicular.
This is the case, in which the incident ray being
P C, the refracted ray is C 8, Now, this bending is
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greater or less, according as the two medinms differ :

in respect of density. Thus, rays, in passing from
air into glass, undergo a greater refraction, than
when they pass from air into water; in both eases,
however, the refracted rays approach the perpendi-
cular. In like manner, rays passing from glass into

air, undergo a greater refractipn than when they .

pass from water mto air; but in these cases, the re-
fracted ray recedes from the perpendicular, '
Finally, it must likewise be remarked, that the dif-

ference Between the angle of incidence and the angle -

of refraction is so mnch greater, as the angle of in-

cidence is greater; or, as the incident ray recedes -
farther from the perpendicular, the greater will be
the bending or refraction of the ray. A relationbe- .
tween all these angles exists, and 1s determinable by,
geometry; but it is not now necessary to enter into

the detail. What has been already said, is sufficient
for understanding what I have farther to propose on
the subject. ‘

23d July 1160.

" Lerrer XXXI—Rernacrion or Ravs oz pre-
FERENT COLOURS. '

You have seen, that when a ray of light passesi
abliquely from one transparent meditm to another,;
it undergoes a bending, which is called refraction,,

and that the vefraction depends on the obliquity of

the. incidence, and the density of the mediums. I
must now call npon you to remark, that diversity
of colours. occasions, likewise, a small variety in the
refvaction, This arises, undoubtedly, from the civ+
cumstance, that the rays which excite in. us the sen:
sations of different colours, perform unequak numy
bers of vibrations in the same times, and that they

t I
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differ ameng themselves, in the same manner as
sharper or flatter sounds do, Thus, it is observable
that rays of red undergo the least bending or refrac..
tion; after them come the orange; the yellow, the green
the blue, and the wiole, follow in order; so that vio-
let-coloured rays undergo the greatest refraction; it
being always understood, that the obliquity of the
incidence, and the density of the medinms, are the
same. Ience, it is conclnded, that rays of diffevent
colours have not the same refrangibility ; that the
red are the least, and the wiolet the most refrangible. .
If then, P C (Prare L Fig. 10.) is a ray passing.
for example, from air into glass; the angle of inci.
dence being P C E, the refracted ray will approach
the perpendicular C F; and if the ray be red, the
refracted ray will be in the direction C—ed ;’if it

" be orange, the refracted ray will be C—orange ; and

so of the rest, as may be seen in the figure. All

these rays deviate from ihe line C Q, which is P C

produced, toward the perpendicular C F'; but the

red ray deviates the least from C Q, or undergoes

the least vefraction, and the violet recedes the far-

gwst from C Q, and undergoes the greatest refrac-
on.

Now if P Cis a ray of the sun, it produces.
once all the eolonred 1‘§ys indicated in l1:he- ﬁgifr: t
and if a piece of white paper is placed to receive
!:he.m, you will in effect see all these colours; hence
It is affirmed, that every ray of the sun contains at

- once all the simple colours. The same thing hap-

pens if P C'is a ray of white, or if it proceeds from
a white body. We see all the colc?urs produced
fI‘OI.Il it by refraction, whence it is concluded that
white is an assemblage of all the simple colours, as
we formerly showed. In truth, we have only to co}-
lect all these coloured rays into a single point, and
the calour of white will be the result. '

A
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1t is thus we discover what are the simple colours.
Refraction determines them incontestibly. In fol-
lowing the order which it. presents, they are these:
1. red, 2. orange, 8. yellow, 4. green, 5.blue, 6. vie-
let* But it must not be imagined that there are
but six ; for as difference of colours ariges from the
pumber of vibrations which rays perform in one and
the same time, or rather the undulations which pro-
duce them, it is clear that the intermediate numbers
equally give simple colours. But we want names by
which to design these colours; for between yellow

and green, we evidently perceive intermediate colours, .

for which we have no separate names. :
In conformity to the same laws, are produced the
colours visible in the Rainbow. The rays of the sun,
in passing through the drops of water which float
through the air, are by them reflected and refracted,
and the refraction decompounds them into the simple
colours. You must undoubtedly have remarked,
that these colours follow each other in the same or-
* der in the rainbow, the red, orange, yellow, green,
Blue, and wiclet; but we discover in it also all the
intermediate colours, as shades of one colour to apo-
ther; and had we more names to distinguish these:
degrees, we might find more of them from the one:
extremity to the other. A more copious language:
may perhaps enable another nation actually to:
reckon a greater number of different colours; andi
another, it may be, cannot reckon so many; if, for

% When the heam of light is very sunall, Dr. Wollaston found that therg
were only four colours, viz. ved, yellowish-green, blue, and violet, in ﬂ:n?
proportions 16, 23, 86, and 25. ‘These proportions, however, very with
the inclination of the incident ray, and alsa with the nature of the refract:
ing body, of which the prism is formed. The power of any body to pro+
duce colour by a sepavation of the colonret rays, is called its dispersivg
pawer, Which does not depend upon its rgfraciive power. See the Edine
burgh Encyclopedia, Art. Optics, vol. xv. p. 485, 84l.—Fm.
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example, it wanis a term to express what we call
orange. Some to these add purple, which we per-
ceive at the extremity of the red, but which others
comprehend under the same name with red.
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These colours may be compared to the notes of
an octave, as I bave done here, because the rela-
tions of colours, as well as those of souuds, may be
expressed by numbers. There is even an appearance,
that by straining the violet a little more, you may
tome round to a new purple, just as in ;-ising ﬁ-oxx{
sound to sound, on going beyond B you come round
toﬁ s ?F]llCh is the octave sbove C. And as in music
we give to these two notes the same name, becaunse
of their resemblance, the seme thing takes place in
qolours, which, after having risen through the inter-
qus of an actave, resume the same names; or, if you
will, two coI(_)urs,' like two sounds, in which th’e m);m-
b?r 1c::f vibrations in the one is precisely the double
ga nl;ete ather, pass for the same, and bear the same

"On this principle it was that Father Cas i
France, contrived 2 species of music of colgﬁiéez, El{:
constructed a harpsichord, of which every key dis-
Pl"“.yf.’d a substance of a certain colour; and hg re-
tended that this harpsichord, if skilfully touched
lw_ould present a mast agreeable spectacle to the e e
He gave it the name of the Ocular fIarpsz'ckbn)i! *
and you must undoubiedly have heard it talked of.

# An asoount of Father Castel’ i V
"4 unt I 3 Ocular Harpsiclord wi L
Dr. Brewster's Treatise on the Keleidoscope, p, llafill.m—l"E}:ﬂl be fouad b
YOL, I, E )
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] inting v ta be that to the

y sart, painting rather seems ‘ he
Fm‘ mh%c%?;ugic is to-the ear; and I ﬁ%egﬂyfdcfigsl
E}]f:u vtgler the representation of several sh bel s of cloth
‘gf giﬁ'erent colours could be very agreeable.

21th July 1760.

—Or tur. Azure CoLOUR OF
Lsrren XXXHTHE HEavENS.

‘ust seen, that the cause of the v1sl.bﬂ%ty
of ggc?sags ;uioigon, of vﬂ;lvratioip ﬂi}:it;eﬁﬂ{c}e :p;;lé
i inuter particles o faces are
gyi::.}c]elgl,l S;ZBEET‘EJE frequency of these vibrations
d%termin,es the colour. . (hess particles be
1t is the same thing whether these ticles be
itated by an intrinsic forc'e, as in Z!uml?}cz)%l bodies,
i%lfv?hethef they receive their a%na%c:iac N tﬁey thuani-
ﬁummaﬁ?n,dor sﬁ ?nm(f;:tzlég blvggisés. yThe ﬁ‘éque:*ncy e{;lg
I Mned, % the vibrations depends o'n_the g{ois.n£0£
mPldlty " ‘ticles, and on their elasticity, as tha o
% the'se‘p?ii)ns of a musical string depends on tine
th!'a s d deoree of tension ; thus, as 1_01.1g asthe ,
ﬂudimless ai'na boéjy preserve the same elastlcflty, ) &m);:
ggéggs:;tcﬂle same tolour, asl the ;Ses::\]rlzsy 2,1- ea. ﬁI-)esh ;
Bt whes §]‘thgrel‘:e)]i.;:l flflt(:)mdr;i t?ll?agdiﬂ‘ere‘nce 9f elazg;}--
bt Wheflch f?tﬁan t%kes place, produces likewise a i
o Whll’ This subject I have already dlSClla -
feremlcx?ocw:vn;‘roceed to explain why the heavens ap-
ed.  to us of a blue colour in the da,_y-tlme;ﬂ eye
PﬁaO:l (:)bservincr this phenomenon vnthda ]\; g e
| it w;luld appea? that we are surrounded by & p :
gons Vﬂ:u_]-t of Eimil;;:e no eccasion te undeceiv‘e go(;}
es picfiijglt%;is prejudice: a small degree of reflec:
res

as painters represent the sky
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heavens are not an azure vault, .to which the gtars.are
affixed like so many luminous. studs, - You are per~
fectly convinced that the stars are immense hodies,
at inconceivable distances from: us, and whieh move
- freely through a space almost void, or which is filled
only by that subtile matter called ether, And I will
show you that this phenomenan is to be aseribed to
our atmosphere, which is not perfectly transparent.
Were it possible to rise higher and higher above
the surface of the earth, the air would become gra-
dually move and more rare, till it ceased to assist
respiration, and would at length entirely cease ; we
should then have reached the region of pure ether,
Accordingly, in proportion’ as we ascend on moun-
tains, the mercury in the barometer continues to
fall, becanse the atmosphere becomes lighter and
lighter ; and then likewise it is remavked, that the
azure colour of the heavens becomes fainter ; and
were it possible to mount into pure ether,. it would -
entirely disappear: om looking upward, we should
see nothing at all, and the heayens would: appear
black as night; for where no ray of light can reach
us, every thing wears the appearance of black, .
There is good reason, then, for asking, Why the
heavens appear to be blue? This phenomenon could
not exist, were air a perfectly transparent medium,
as ether is: in that case, we should receive from
above no other rays but those of the stars: but the
Instre of day-light is so great, that the feehle light of
the stars is absorbed by it.  You could not perceive
the flame of a taper in the day-time, at any consider-
able distance ; but that same flame, in the nigh
would appear very brillian at much, greater distan-
ces. This clearly proves, that we must look for the
cause of the azure colour of the heavens, in the want
of transpavency in the air. The air is Joaded with

&
tion is sufficient to.make. you comprehend that the
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a great quantity of small particles, which are not.
perfectly transparent, but which, being flluminated
by the rays.of the sun, receive fram them a motion
ot vibration, which produces new rays proper to these
particles; or else they are opaque,. and become visi-
ble to us from being 1llumined. ' :

Now, the colour of these particles is blue; and
this explains the phenomenon: the air contains a
great quantity of small blue particles: or it may be
said, that its minuter particles are bluish, but of a
colour extremely delicate, and which becomes sen-
sible to us only in an enormous mass of-gir.. Thus,
in a room, we perceive nothing of this blue; but
when the bluish rays of the whole atmosphere pene-
frate our eyes at once, however delicate the colour
of each singly, their totality may produce a very
deep colour. ) .

_This is confirmed by another phenomenen, with
which you must be well acquainted. -If you look at
a forest, from a wmoderate distance, it appears quite
green ; but in proportion as your distance increases,
it acquires a bluish east, and this gradually becomes
deeper and deeper, The forests on the mountains of
Hartz, which may be seen from Magdeburg, appear
thenee to be blue, but viewed from Halberstadt, they
are green. ‘The great extent of aiv between Magde-
burg and these mountains, is the-reason of it. How=-
ever delicate or rare the bluish particles of the air
may be, there is such a prodigious quantity of them
:n that interval, the rays of which enter into the eye
at once, that they represent a tolerable deep blue *.

We remark a similar phenomeénon in a fog, when
the air is loaded with a great quantity of opaque

% VWhen the purest spring water is placed in a large reservoir lined with
zomething white, its tink is invariably of a blue celour- Henee arises the blue
colqur of masaes of transparent ice, in the glaciers of Switzerland, and. the
fina blue colour of the Hhone, in issuing out of the Lake of Geneva.—En.

s
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particles of awhitich colony:

a small distance, vo X i
whe ANCe, you scarcely perceive the fog -
Loy o el e
bec very perceptible; to such =s:d i
is ' ] aeor
seau;go:;i-ble to see throngh it, Th%‘g'vgva?:z; tglfafthlt
take up 9y : gali‘laen at a certain depth ; but when .
glass “1?1'11 clz)lnt [uantity, as much, for instance g:)]:
bhas no sensilﬂeam’llt o iufﬁciently d-iapha.nous’ and
colour;: but in a pr ’
you look towsard the bottonf Yoo tany xtent, when

qollected produoce a deep col’of; many greenish rays
27th July 1760, '

On Iooking only to

LerTER XXXIII—OF Ra

TANT LuMINOUS Po
ANGLE,

Y8 ISSUING FROM A Dis-
INT, AND oOF 7HE VIsyar

~ Aslong as th .
tion of tho minu?eiays produced by the rapid vibra-

i articles ;
same transparent mgdium, pf body, mave in the

divection, or dj they preser

straiCt}lﬁnl’jJ or diffuse themselvesy nl; all Jiiez}tlie same
the ogii nes: These rays may be P
e radii of 5 Y represented b

. ; circle, or rath
Ny ar- o :
1ssuing from a centre, f 2 sphere, which,

cire . s Proceed in straight Ij :
bl umference ; and it is on account fg)t} i;t]lil'l & fo the
ance that we empl oy the same 1S resem-

e ¢ lerm radiu X

o ot oo e OBy sposing, e i
does : > DUt of very rapid vibrat]
o esg_' catﬁlnfually forward, in the_d.i}rrectli)clm g}b;: t19r‘15,
nes; d, for thl_s reason, light may he e
s raight lines, issuing from g ] faous pomered
: Iilu'ecmons.' .8 luminous point, in
et C (Prare I Fe. 1]

& ] Lo £9g. 11.) be a lumi i
spc;}ngﬂv:l;}ml& rays issue in all dl'l'ectilz)ll?;n 01?!?, e
& described round C, asa centre- of t‘lelte one
s one
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of which, let the great civcle be a b d g, and of the
ather A B D E. - The light diffused over the surface
of the smaller sphere « b & ¢, will likewise ocenpy
that of the gysater sphere A B D E. 'The light,
then, must ba more faint and weak at the surface of
this last, than at that of the smaller sphere 2 6 4 &,
Hence it may be concluded, that the effect of light
mustsbe smaller, in proportion to the distance from
the luminous point. If we suppose, that the yadins
of the greater spheve is double that of the smaller,
the surface of the greater sphere will be four times
as great., Since, therefore, the same quantity of light
is diffiused over the surface of the greater sphere, and
over that of the smaller, it must follow, that light, at
double the distance, is four times more faint;- at
thrice the distance, nine times; at a quadruple dis-
tance, sixteen times; and so on, , .

On applying this rule to the light of the sun, it

will appear, that if the earth were removed to double

the distance from the sun, the light derived from

him would be rendered four times move faint; and

if the sun were an hnndred times forther from us,
his brightness wounld be a hundred times a hundred,
that is, ten thousand times less. Supposing, then,
a fixed star to be as great and as luminous as the
sum, but that it was 400,000 times farther from us,
its light will be 400,000 times 400,000, -that is,
160,000,000,000 times more faint than that of the
sun. ITence we see, that the light of a fixed star is-
nothing compared to that of the sun; and this is the:
reason that we do not see the stars in the day time;.
as a feebler light always disappears in presence of onel
much more bright. The same thing holds good!
with respect to candles, and all other luminous bo-
dies, which administer less light, in-proportion. te:
their distance from us; and you must have frequentlyi

et
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§=emag-ked, that however strong a light may be, it is
ipsufficient to assist us in reading e printed book, if
you remove frem it to any considerable distance.
+There is still another cirenmstanggyelosely con-
nected with what I have just observéﬁg;ﬁamely, that
the same object appears smaller to us, in propartion
to its distance. A giant, at a great distance, does
not appear taller than a dwarf near us. * To form a
clearer judgment of this, it is necessary to atténd to
the angles at which these objects are seen by us.
Let us suppose, then, A B (Prate I. Fig. 12.)to be
an ghject, for example, a man, and that the eye looks
at it from the point C. Dyaw from that point the
straight lines A C and B C; which represent the ex-
treme rays proceeding from the object to the eye ; we
call the angle formed at C, the visual angle of that
object for the point C. If we look at the same object
from a smaller distance, at D, the visnal angle D
will be undoubtedly greater: hence it is clear, that
the more distant the same object is, the smaller is its
visual angle; and the neaver it approaches, its visual

angle hecomes greater.

Astronomers measure very accurately the angles
under which we see the heavenly bodies ; and they
have found, that the visnal angle of the sun is some-
what more than half a degree. If the sun were
twice as far from us, this angle would be reduced
to_the half; and then it will not seem surprising
that it should furnish us four times less light. And
if:the sun were 400 times farther off, his visual angle
would become so many miles less, and then that lu-
ainary would appear no greater than a star, We
must, therefore, carvefully distinguish the apparent
-greatness of any object from its veal greatness. The
irst is always an angle greater or less, according as
the object is neaver or more distant. Thus the ap-
parent greatness of the sun, is'an angle of about half
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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. : :

+

Let. 84. LENDS TO VISION, 106

~ 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.
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