mosphere is not perfectly transparent: it 1s even
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to it or not it would be equally cold. But the at- arth, as it is contiguous on all sides to opaque bodies,
xwhich the rays of the sun fall. The objection is
I';'and no solution can be given but this: That
¢ air. at Quito, being very elevated, must be much
mare, subtile, and of less gravity than with us; a2pd
he; barometer, which always stands considerably.
-lower, incontestably proves it. i
Air of such a guality is net so susceptible of heat
mmon air, as it must contain less vapour and
ther particles which usually float in the atmosphere;
aﬂ:iwe know by experience that air very much loaded
15, proportionably susceptible of heat. I must here
Subjoifn another phenomenon no less surprising: In
.deep pits, and lower still, if it were still possible
escend, the same degree of heat always and ymi-
rsally prevails, and nearly for the same reason. *
the rays of the sun exert their influence only on
surface of tlie earth, and as the heat which the
.excite communicates itself up and down, this
lect at very great depths is almost imperceptible.
he same thing holds respecting considerable heights.
Bd June 1760. ’

cometimes so loaded with vapours, that it loses al-
most entirely its transpavency, and presents only. a
thick foe. When the air is in this state, the rays of
the sun have a more powerful influence upon 1t and
at it immediately. .
heBut these vapmzrrs rise to mo great height; at the
height of 24,000 feet, a.qd beygnd, the air is so s.u‘bc-1
tile and so pure, that it is perfectly transparent; an
for this reason the rays of the sun cannot 1331m_edm‘geﬂ
ly produce any effect upon it. This air is likewise
too remete from terrestrial bodies to receive a com-:
yaunication of heat from them; they act only upoxn
such as are adjacent. Fence you will easily per-
ceive that the rays of the. sun cannot produce any
effect in regions of the air very much elevated abov
the surface of the earth; and that the same .deg_l'e
of cold must always and universally prevail in suc
regions, as the sun has no influence there, and as ih )
heat of terrestrial bodies canuot be commm_ncated 507
far. This is nearly the case on the sumpit of ver
high mountains, where it is always much colder tha
on plains and in vallies. ]
The city of Quito, in Peru, is fllmost under the;
equator, and were we fo form our judgment from it
situation on the glabe, we would suppose it Oppress:
ed with intolerable heat; the air, however, is abun- &
dantly temperate, and differs very httl_e frem that of
Paris.  Quito is situated at a great he,lg}%t above_the!
real surface of the eapth. In geing to it from: th
sea, shore you have to ascend for several daysj 1645
accordingly built at an elevation equal to that of o
highest mountains, theugh surropnded by1 (_)'r_.hm‘s
still much higher, called the Cordilleras, 'Ihis last
civenmstance would afford a reason for thinking thal
the aiv there must be as hot as at-the surface of thi

#rTER X VII—Or LiguT, AND THE SYSTEMS or
DEscanTes aANn NEWwTON,

NG spoken of the rays of the sun, which are
us of all the heat and light that we enjoy, you
ndoubtedly ask, What are these rays? This is
d question one of the most important inquiries
ics, as from it an infinite number of pheno-

[£-has beens recently found, thaé in descending deep mines, the tem-
$ure, instead of heing uniform, increases considerably, amounting in some -
es to about 120 of Fahrenheit nt a depth of 500 fiet.~~Fn.
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::{Phis.opinion appears at first. sight ver :
il:l@gpncilgable.to reason. ,-For.wegr-e ﬂ‘;:lsym? oél?aaésigd
._'gn.ntmua.ﬂy, _and in all directions, - such floads of lu-
‘nineus:matiery with. a.veloeity. so -prodigious;. he
st speedily be exhausted; or at least some Eli’;éna;,
Hansmust, after thelapse of so many ages, be perceps
- tibles:: This, hawever, isicontradieted by observation.
-jlltz}czmnot- i?e-a watteriof doubt, that a founta.-i.niwhicli
!sh_c}uld: emit streams-of water-in all directions, would
. besiexhausted: in . proportion to the velocity"of the
~-emission ; much' more the sun, whose rays- are.emit.
8 tgf@:wiﬁh # velocity se inconceivable. Let: the‘“pafti-
- cles: of which rays of light.are formed be suppesed
. as:subtile as you please, nothing will be gained; the
$ystem.will ever remain equally untenable. It con-
hot-be affirmed that this emanpation is not made in
“_@Eecnqns.,: +for wherever you.are placed;. the
h@lﬁ.:s;mnm\!lﬂblg,- which proves incon;testa.bly: ‘that
ﬁ& rem.every point of the sun are emitted towards
theispat which. you occupy. - The case s very. differ
esit from. that of a fountain, which: should . emit
streams: of;. water in all directions. Fox one point.in
the; fountain could furnish only one stream direpted
teras partienlar spot; but. every point of the sun’s

giirface must emit an infinite number, diffusing ther
sglyes in all divections. This circumstance a]ine-iz—'
tely increases the expenditnre of luminous méttér—
chithe sun would have tomake. . .. . . ’
tAngther. difficulty, and which appears equally.in
rable, is; that the sum is not the enly hody: Wluclz
tays, but that all.the stars have- the: same quas
. and-as every where therays of the sun must, be
siiyg. the rays of the stars, their collision must he
elahi.in. the: extreme.. How must their  direction
hanged by such collision | This collision. must
Ke: place w1_th respect to all luminons bodies wvisible
é}tfhe same time, Each, however, appears distinct-

and that renders objects visible, is closely conneeted
with, this inquivy. The ancient philesophers seem
to-have taken little interest in the solution of it. They
contented themselves with saying that the sun is en=
dowed with the quality of shining, of giving heat and
light. But is it not wortlr while to inquire, Wherein
does this quality consist? Do certain: portions, in-
conceiyably small, of the sun himself, or-of his sub-
stance, come down tous? Or is the transmission
similar to the sound of a bell, which the ear receives?
thongh: no part of the substance of the Lell be sepa-
rated from it—as I observed in explaining the propa-
gation and perception of sound. :
=" Dascartes, the first of modern philosophers, main-
tained this last opinion; and having filled the whole
aniverse with a subtile matter composed of small
globules, which he calls the second: element, he sup-
oses that thesun is in a state of continual agitatips,
wwhich he transmits to these globules, and pretends
that they again communicate their motion in an in-
stant to every part of the universe. Baut since it has
been discovered that the rays of the sun do not reach
us instantaneously, and that they take eight minutes
to fly through that immense distance, the opinion of
Descartes, which laboured beside under other diffi-
culties, has been given up.

The great Newton afterwards embraced the formet
system, and maintained that the luminous rays. are
really separated from the body of the sun, and: the
particles of light thence emitted with that inconceiv-
able velocity which brings them down to us in about
eight minutes. This opinion, which is that aof most ;
modern philosophers, particularly the English, is
called the system of emanati on—it being imagined' that
vays emanate from the sun and other luminous bo-
dies, as wafer emanates or springs from a fountain.




b2 OF LIGHT. Let. 17,
ly, without suffering the slightest derangement from
any other—a certain proof that many rays may pass
through the same point without disturbing. each
other, which seems srreconcileable to the system of
emanation. Let twa fountains be set a playing upon
each. other, and you will immediately perceive their
different streams disturbed and confounded : it must
of consequence be concluded, that the motion of the
rays of light is very essentially different from that of
a jet Qean, and in general from all substances forci-
bly emitted. : ‘

_“Considering afterwards transparent bodies through
which rays are freely transmitted in all directions,
the supporters of this system are under the necessity
of affirming, that these bodies contain pores, disposed
in straight lines, which issue from every point of the
surface, and proceed in all directions ; it being in-
conceivable how there could be any line through

which a ray of the sun might be transmitted with :

such amazing velocity, and even without the slightest
collision. Here then are hodies wonderfully porous,
which have the appearance nevertheless of being ex-
tremely solid.
Finally, in
enter into the eye,
the same velocity. All these difficulties taken toge-
ther will, I doubt not, sufficiently eonvince you,
that the system of emanation has in no respect a
foundation in nature ; and you will certainly be asto-
pished that it could have been conceived by so great
a maan,.and embraced by so many enlightened phi
losophers, But it is long since Cicero remarked;
that nothing so absurd can be imagined as to find no
supporter among philosophers. For my own.part, 1
am too litfle a philosopher to adopt the opinion in
“question. : '
Tth June 1760,

order to enjoy vision, the rays must

and penetraie its substance with-

Let. 18. SYSTEM OF EMANATION, 53

;
Lerrer XVIIL-—DIrFICULTIES ATTENDING THE
SysTEM OF BMANATION,

Howzver strange the doctrine of the celebrated
Newton may appear, that rays proceed from the sun
y;a continual emanation, it has, however, been so
-generally received, that it vequires an effort of cou-
rage to call it in question. What has chiefly con-
tibuted to this is, no doubt, the high reputation of
the great English philosopher, who first discovered
the true laws of the motions of theheavenly bodies ;
d it is this very discovery which led him to tHé
system of emanation.
¢iDescartes, in order to support his theory, was
der the necessity of filling the whole space of the
avens with a subtile matter, through which ali the
estial bodies move at perfect liberty. But it is
known, that if a body moves in air it must meet
jith a certain degree of resistance ; from which New-
forr.concluded, that however subtile the matter of the
ih_faa.vens may be supposed, the planets must encoun-
some resistance in their motions. But, said he
is motion is not subject to any resistance : the im..
se space of the heavens, therefore, contains ne
jfter. A perfect vacuum, then, universally pre-
ls. This is one of the leading doctrines of the
wi;giléacn 1:]1‘1.105011113', that the immensity of the
iverse contains no matter in the spaces -
pigd.By the heavenly bodies. This Eeino' l::iotf é):;i
here.is between the sun and us, or at Jeast from thl;
down to the atimosphere of the earth, an abso-
yacuum, In truth, the farther we ascend, the
> subtile we find the air to be; from whel’lce it
ould apparently follow, that at length the air would
be entively lost. If the spacé between the sun and
.___t:he_- earth be an absolute vacuum, it is impossible

=
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that the rays should reach us in the way of commu-
nication, as the sound. of a bhell is transmitted by
means of the air. For if the air; intervening bes
tween the bell and our ear, were to be annihilated,
we should absolutely hear nothing, let the bell:he
struck ever: so violently. R '
Having established, then, .a perfect vacuum be-
tween the heavenly bodies, there remains no other
opinion to be adopted but that of emanation; which
obliged Newton to maaintain, that. the.sun and .all
other luminous bodies emit rays which ave always
particles, infinitely small, of their mass,. darted from
them with incredible force. It must he such to:a
very high degree, in order to impress: on: rays-of
light tha}inconceivable velocity -with which they
come fror the.sun to us in: the. space .of eight .mi-
nutes. But. let.ms see whether this theory he cons
sistent with Newtor’s leading doctrine, which requires
an absolute vacaum in the heavens, that the planets
may encounter no manner of yesistance to thejr mo- -
fions, Yo must conclude, on a moment’s reflec-
tion, .that the spage: in. which the heavenly hodies
revolve, instead of remaining & vaeuwm, mnst be
filled -with the rays, not only of the sun, hut-likewise
of all the ofher stars which arve continually passing
through.it from every quacter, andiin alldirections,
with inegedible rapidity. The heavenly bodies whigh'
traverse.fhese spaces, instead of encountering.a va-
conum, will meet with the mastex: of luminous zays n
a.terrible agitation,. which must. distnrb: these hadies
in their. motions much more than: if it. were in a state
of.yest. :

- posed to a derangement infinitely more considerable,
[ have ajready submitted to you several other insu-
perable objections to the system of emanation ; and
we. have now seen that the principal, and indeed the
enly reason which could induce Newton to adopt it,
is so self-contradictory as wholly to overturn it. All

these consideratiops united, leave us no room to
hesitate about the rejection of this strange system of
the emanation of light, however respectable the au-
thority of the philosopher who invented it.

Newton was without doubt one of the greatest
geniuses that ever existed. IHis profound Jmow-
. Iedge, and his acute penetration into the most hid-
den mysteries of nature, will be a just ohject of ad-
miration to the present, and to every future age.
But the ervors of this great man should serve to ad-
monish us of the weakness of the human understand-
ing, which, after having soared to the greatest pos~
:s_igle heights, is in danger of plunging into manifest
contradiction. . :
4::Jf we are liable to weaknesses and inconsisteneies
‘g0 humiliating, in our researches into the phenomena .
.of this visible world, which lies open to the examina-
“ilon-of our senses, how wretched must we have heen
. “thad: God left us to ourselves with respect to things

nvigible, and which concern. our eternal salvation?
QOn.this important article a revelation was absolutely
poessary to us; and we ought to avail ourselves of
with the most profound veneration, When it pre-
nts:to us things which may appear inconceivable, -

‘have but to reflect on the imperfection of human
devstanding, which is so apt to be misled, even as
to:gensible .objects. "Whenever I hear a pretended

seethinker inveighing against the truths of religion,
upid-+even sneering at it with the most arrogant self.
sufliciency, I say to myself—poor weak mortal, how
‘jnexpressibly more noble and sublime are the subs

ke

" Thus Newton, apprehensive lest:a subiile matter,
such as Descaries imagined, should distuxh.the mo
tions.of the planets, . had recaurse to.a wery sirange
gxpedient, and gquite gontradictory to-his own mten-
tion, as, on his hypothesis, the planets must he ex-

L3
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jects which you tveat so lightly, than those respecting
which the great Newfon was so_grossly nustake_n!.
1 could wish your Hlighness to keep this reflection
ever in remembrance ; occasions for making it occur
but too frequenily. ; ‘

10¢% June 1760.

TETTER XIX.—A DIFFERENT SYSTEM RESPECTING
pat NATURE 0F Ravs aND or LiGir, PROPOSED.

You have seen that the system of the emanation
of the rays of light labours under insuperable diffi-
culties, and that the doct_rm_e of a vacyum for the
heavenly bodies to range in, is equally untenable, as
the rays of light would completely fill it. Twa things,
then, minst De admitted: first, the space through
which the hesvenly bodies move is filled with & sub-
tile matter; secondly, rays are not an actual emana-
tien from the sun and other luminous bO(.}IES,- in vir-
tng of which, part of their snbstance is v1qleutlyb
emitted from them, according to the docirine of

o1, )
Ne’%tha.t subtile matter, which fills the whole space in
which the heavenly bodies revolve, is calh_ed E_tken
Qf its. extreme subtilty no doubt can be entertained.

In avder fo form an idea of it, we have only to at-

tend to the nature of aiv, which, though extremely
subgile, even on the surface of the earth, becomes
mgre and more 50 as We- asc‘;end ;and entirely ceases,
it T may use the expression, when it comes fo be_ lost
in the.ether. The ether, then, is likewise a ﬂuld_ as
the air is, but incomparably finer and more subitile,
as.we,are .assured that the hea.\__renly bodies 1=evc_)1§re
freely through it, without meeting any perceptible
resistance. 1t is also without doubt possessed fof
elasticity, by means of which it has -a ten%ency to

L

Let. 189,

NATURE OF LIGHT. LY

expand itself in all directions, and to penetrate into
spaces where there would otherwise be a vacuum;
‘so. that if by some accident the ether were forced
eut of any space, the smrounding fluid would in-
stantly rush in and fill it again.

In virtue of this elasticity, the ether is to be found
not only in the regions which are above our atmo-
sphere, but it penetrates the atmosphere universally,
insinuates itself by the pores of all bodies, and passes
irresistibly through them. Were you, by the help
of the air-pump, to exhaust the air from a receiver,
you must not imagine that you have produced an
absolute vacuum ; for the ether, forcing itself throngh
the pores of the receiver, completely fills it in an in-
stant. - Having filled a glass tube of the proper
length with mercury, and immerged it, when invert-
‘g in the cistern, in order to make a barometer, it
might be supposed that the part of the tube which
isthigher than the mercury is a vacuum, becanse the
air is completely excluded, as it cannot penetrate the
. pores of glass; but this vacuum, which is apparent

only, is undoubtedly supplied by the ether, insinu-
ating itself without the smallest difficulty.
- ¢=dtis by this subtilty and elasticity of ether that I
shall by and by explain to you the remarkable phe-
nomena of electricity. It is even highly probable
- that ether has an elasticity much superior to that of
airt and that many of the phenomena of nature are
roduced by means of it.” For my own part, I have
‘doubt that the eompression of the air in gun-
rder is the effect of the elastic power of ether.
d-as we know by experiment that the air in it is
densed almost 1000 times more than common
and- that in this state its elasticity is likewise
Q00 times areater, the elasticity of the ether must
this-case be so too, and consequently 1000 times
afer than that of common air. We shall then
- c2
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I : . in considering.it:as:8 fluid
just ides of gther, An CONSISS Doy =L
?xﬂgaaﬁ%f- respects similar .10 aily: Wt‘:b{i ;111113 i’fgﬁ;—‘ﬁ&
thét\ethen is incomparahly morﬁ..su: T3 e
da;gac;tin;g seer thén ﬁhai; =.ﬂl_B air, by these yery quar

_ _ 'y ques
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mt distances. As the yihrations of the. ai o nce
o 4, what-willbe the.e! ecatﬂof:t.hese.gf ﬁi:her,.:»‘ »
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the rays of light.axe. athing else but: her the e
‘or vibrations transmitted DY the ethel,.as, SO
sists. in the shakings or vibratians transmitted by the

R more than a DelL ML YRERLEYEA- o
ﬁéﬁz ?111135 system, there m}_kn_?ﬂ ﬁeasﬂil :\?ﬂigpgy
. is orb should eve
hend that the mass of this orb ih nwst also
Ao What L have said.of the su :
%?é:};g;%id to all luminous hodies, such as fire, &
wax taper, o candle, &c. ) -
Wﬂiittgéljlls 'I.f}ll doubi e’ dly -he _Rgb_]e‘cte.dg 1;]1(111&11 ih:se n‘!]:,?ssv
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IEu;tme be wasted away, and that, the PEL -

of a.hell is not accuraie. Tt it is +o be considered,

: ir ki hraw.out smoke,
hese fives, hesides their light, t o
ﬁﬁ:ﬁzﬁd@l of exhalation, which. mustbo ke

fully distingwished from the yays of light. Now the

i i i sider-
smoke and exhalation evidently occasion a con

inevirtue of which it penetrates all bodies.
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able diminution, which must .not be imputed to the
‘yagys-of light; for were it possible to separate them
poin the smeoke and other exhalations, the luminous
quality alone would occasion no expenditure. Mer-
sury may, by means of art, be rendered luminous,
" gg.you have probably seen, and that without any di-
minntion of is substance, which praves that light
slone produces no waste of luminous bodies. Thus,
thaugh the sun illuminates the whole-world by his
18¥s, he loses nothing of his own substanee, his light
being enly the effect of .a certain agitation, or vie-
lent concussion of hig minute particles, communicat-
ed to the adjoining ether, and thence transmitted in
all directions by means of this fluid to the remotest
distanees, as a bell when struck communicates  its
owm agitation fo the circumambient air. The mare
we congider this parallel between sonorous and lu-
minons bodies, the more we shall find it conforms

- able to nature, and justifiable by experience ; whereas
the more we attempt to reconcile the

. pature to the system of emanation, the move diffi-

henomeng: .of
gulties we encounter.
& ldgh June 19764,
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herrer X X.—Or TRE ProPacgaTION OF LIGHT.

;TBE szc;pagation of light in the ether is produced
ammanuer similar to that of sound in the air; and
-ag the vibrations occasioned in the partiecles of

aii-constitutes sound, in like manner the vibration

ihe particles -of ether constitutes light or lumineus

Iajss-so that light is.nothing else but an agitation or
gancussion gf the particles gf ether, which is every
e

ieneto be found, en account ef its extreme subiilty,
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These bodies, however; modify the rays of light
in many different ways, by. transmitting or 'stoppm%
the propagation of the concussions. Of this I shal
treat at lavge in the sequel. I confine myself at pre-
sent.ta the propagation of vays: in the ether itself)
which fills the immense space in which the heavenly
bodies revolve. - There the propagation takes place
in perfect liberty. The first thing which here pre-
sents itself to the mind is the prodigious velocity of
the i'ays of light, which is about 900,000 times more
rapid than that of sound, though. this last travels no
less than 1100 feet in a second. K .
. This amazing velocity would be sufficient of itself
to overturn the sgstem of emanation; but in that
which I am, attempting to establish,_ it is a natural
consequence, from -the principles laid down, as-1
hope to demonstrate. They are the same with those
on which is founded the propagation of sound:in the
air; and this depends-at onee on its density and elas-
ticity. It is evident, that if the density of air were
diminished, sonnd would be accelerated ; and if !:he
elasticity of the air were increased, ,th‘e s_arx}e_thmu
would happen. If the density of the air diminished,
and its elasticity increased at once, we should _have
a two-fold reason for the increase of the velocity of
sound, Let us conceive, then, the: densit_y of the air
dimninished, and its elasticity increased, till its den-
sity and. elasticity became equal to thase of ether,
and we should then no longer be. surprised that the
velocity -of sound had hecome many thonsands of
times. greater - than it actually is. -For you will be
pleased to remembey, that according to the firstideas
we formed of ethey, this Auid must he inconceivably
rarer, and more elastic than air... Now both of the:se
qualities aqually contribute to aceelerate the velocity
of vibrations. - From this explanation, the prodigious

4

Liet, .20, PROPAGATION OF LIGHT. 61

velacity of light is so far from presenting any -thi-ng

irreconcileable to veason, that it rather perfectly hars

monizes with the principles laid down; and the pa~
rallel -between light and sound is in this respect so
firmly established, that we may confidently maintain,
that-if air shonld become as subtile and as elastic as
ether, the velocity of sound would become as rapid
as-that of light. oo : g
tz ‘The subtilty of ether, then, and its great elasti
city, are the reason which we assign for the prodis
glous.velocity of the motion of light; and so long as
the ether preserves this same degree of subtilty and
elasticity, this velocity must continue the same.” Now
itscanmot be doubted that the ether has, through the
whole universe, the same subtilty and the samé elas-
ticity,  For were the ether less elastic in one place
than in another, it would foree itself into it till the
equilibrium was perfectly restored. The- light -of
the stars, therefore, moves with as great velocity as
that of the sun ; and as the stars are at a mnch greater
distance from us than the sun, a much greater quan-
tity-cof time is vequisite to transmit their rays to us.
However great the distance of the sun may appear,

. whose rays, nevertheless, reach the surface of our

globe in eight minutes, the fixed star nearest to us

‘1s:at least 400,000 times more distant than the sun ;

a:ray of light issuing from that star will employ then
400,000 times eight minutes in travelling to wus;
at is 53,338 hours, or 2,222 days, or six years

¥ Tearly.

It:is then upwards of six years since the rays of

~light issued from that fixed star, the least remote,

d probably the most brilliant, in order to render
visible to us; and these rays have employed a _
eriad- 5o considerable to fly through the ‘space
hichi:separates us from that star. Weve God jirst

igw to create a new {ixed star at the same distance,
)
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it could not become visible to us ﬁl.l- more than six
years had elapsed, as its yays require that length of
 ime to travel.this distance. Had ene been created
at the beginning. of the world a thqus_emél times moxe
distant.than that-which I have ,meﬂt{@;}ad, it could
not yet be visible to us, however brilliant, as 6000
years are not.yet elapsed since the. creation. The
first preacher of the court of Brl:msw‘mk, Ml Jeru-
salem, has happily introduced this thought in one of
his sermens, The passage puns thussi— -
 Raige your.thoughts from the earth which youn
inhabit, to all.the bodies. of t_ht? vast pniverse, u_zhu;:h
ave.so far above you; launch into -the immensity of
space which intervenes between the most remote
which your eyes. are ghle to- discover, snd those
whose light, f)r;xom the moment of creation till now,
has not as yet, perhaps, come down to us. The
immensity of the kingdom of God justifies this re~
presentation.”  (Sermon on the Heauens, and Btep-
nal Beagitude). . .

1 flatter myself that these reflections will excite a
desive of further instruction respecting the system of
light, from which is derived the theovy of colauxs,
and of vision. :

A7tk June 1760,
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Tirrer X XL—DIGRESSION ON THE [)ISTANCES OF
ppE I1gAvENLY BODIES, AND ON THE NATURE OF
raE Suw, and His Ravs,

Tue Lobservatigns which I have been making ve-
specting the time which the light of the siars em-
plc:ays in making its progress down to us, convey a

striking idea dtP the extent and grea:tness_of the uni-
verse. ‘The velocity of sound, which flies through
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the. space of 1000 feet in a second, furnishes us with .
nearly the first standard of measurement. It is
about 2000 times more rapid than the pace of a man
whe:is & good walker. Now the vélocity of the rays
of light is 900,000 times still more rapid than.that
of sound : these rays accordingly perform every se-
gond a course of 900 millions of feet, .or 170,000
English miles, s
1 What astonishing veloeity ! Yet the nearest fixe
star is so remote, that its rays, notwithstanding: this
prodigious velocity, would take more than. six years
inudescending to us. And were it possible for a
great noise, such as that of the firing of a cannen,
issuing from that star, to he conveyed to our.ears, it
would require a period of 5,400,000 years toweach
us. . And this is applicable only to those stars which
‘are<the most brilliant, and are probably nearest.to
ns. Those which appear the smallest are. very pro~
bahly ten fimes still farther remote, and more. ..A
whole century, then, at least, must elapse before the
rays. of these stars could possibly reach ns. How
pradigious .must that distance be which cannot be
passed through in less than 100 years, by a velocity
whigh flies at the rate of 170,000 English miles every
second ! _
-1 Were, then, one of these stars to be just now an-
nihilated, or eclipsed only, we should still continue
-tp-see it for 100 years to come, as the last rays which
ittemitted could not reach us in less time,
Phie'generality of mankind is very far from having
any thing like just ideas vespeeting the vast extent
gf.the nniverse. Many consider it as 8 work of little
-importance, which chance alone might have produc-
. But what must be the astonishment of one who
flects,” on.chserving, that all these immense bodies
re; arpanged. with the most. consummate wisdom
gl that the more lmowledge we acquire on the sub-
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jeet, though it must ever be very imperfect, the more
we must be disposed to admire their order and mag-
nificence ! :

I return to the great hnminous bodiés, and parti-
cularly the sun, which is the principal source of the

light and heat which we enjoy on the earth. It will’

be asked, in the first place, wherein consists the light
which the sun is incessantly diffusing through the
whole universe, without ever suffering the smaliest,
diminution ? ‘The answer is obvious, according to the:
gstem which' I have heen endeavouring to establish.,
But that of emanation furnishes no satisfactory solu-
tion. The whole universe being filled with that ex-
tremely subtile and elastic fiuid which is called ether,
we must suppose, in all the parts-of the sun, an in-
cessant agitation, by which every particle is in a con-
stant motion of vibration ; and this, by communicat-
ing itself to the circumambient ether, excites in that
fluid a similar agitation, and is thence transmitted ta
regions the most remote with the rapidity which I
have been deseribing. ‘

And to keep up the parallel between sonnd and
light, the sun would be in a state similar to that of 3
beil which should be ringing continually. The par-
ticles of the sun must consequently be kept in this
incessant agitation, to produce in the:ether the uns
dulations which we call rays of light. But it is still
no easy matter to explain by what power this agita-
tion in the particles of the sun is corstantly kept up,
as‘we observe that a match does not long continue
burning, but presently goes out, unless it be suppliefl
with combustible matter. But it‘must be remarked,
that as-the sun is a mass many thousand times
greater than our whole glebe, if it is once theronghly
inflamed, it may continue in that state for several
ages without suffering any sensible diminmtion, Be-
sides, the case is not the same with the sun and our
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fires an'd candles, a considerable part of whose sub-
stance is dissipated in smoke and exhalations, from
which a real waste results. Whereas, though per-

. haps some particles ma.y be forced from the sun.in

fq:;m of smoke, they cannot remove to a great dis-
tance, but speedily fall back into its mass, so that
therg cannot be any real expenditure to occasion a
‘diminution of his substance.

;= The only thing of which we are still ignorant re-
$pecting this subject, is the power which incessantly
mantains all the particles of the sum in this agita-
tion. But as it contains nothing inconsistent with
good sense, and as we are under the necessity of
acknowledging our ignorance of many other things
much less remote than the sun, we ought to be satis-
fled if our ideas are not involved in contradiction.
21st June 1760,

] .
LerrEr XXII.—ELUCIDATIONS ON 'FHE NATURE

+¢.or. Luminovs Bopigs, sND THEIR DIFFERENCE

rroM OPaQuE Bopies ILLUMINED, |

:;.;fI'HE sun being a luminous body, whose rays are
universally diffused in all directions, yon can no
longer be at a loss to account for this wonderful phe-

. ngmenon, which consists in the shaking or vibration
“withiwhich all the particles of the sun are agitated.
APheiparallel of a bell lends considerable assistance
~toward the explanation of this fact. j

But it is obvi-
ons,that the vibrations produced by light must be
mirch more vehement and rapid than those produced
bit sound, ether being incomparably more subtile
thani-air, A feeble agitation not being capable of
shaking the air so as to produce sound in it, that ofia

_bellyand that of all other sonorous bodies, are too fee~-
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ble relatively to ether to produce in it the vibration
which constitutes light.

You will recollect, that in order to excite a per-

ceptible sound, more than 80, and less than 7552 -

vibrations must be produced in a second; the air
being too subtile to admit of & sensible effect from a
sound consisting of less than 30 vibrations in a se-
cond, but not sufficiently so to receive one of more
than 7552 vibrations in the second. A note higher
than this conld not be at all heard. It is the same
with respect to ether : 7552 vibrations, produced in
a second, could net possibly act upon it, becanse of
its greater subtilty. It vequires vibrations much
more frequent. An agitation so rapid could not
take. place but in the minutest particles of bodies
whieh elude our senses. The light of the sun, then,
is produced by a very violent agitation, which affects
all his infinitely minute particles, each of which must
shake many thousands of times every second.

1t is a similar agitation which likewise produces.
the light of the ,ﬁxecgl.stars, and of all fires, such as|
candles, tapers, torches, &c. which give us light, and|
supply the place of the. snn.during the night. On
atteniively observing the flame of a wax-light, you
will easily perceive, that in the minutest particles,
there is & constant and surprising. agitation ; and I

do not. apprehend that my system js liable on this -

side to any contradiction, while that of Newton re-
quires a most enormous agitation, capable of launchy
ing the minutest particles with.the velocity of 170,000
English miles in a second.
. ‘This, .then, is the explanation of the nature of
bodies luminous of themselves: for there are Toimni~
pous hodies which are not so immediately, such a
_the moon and- the planets, which are similar to our
—globe. “We see the moon only when, and in as
ar as she is illuminated by the sun; and this is thie
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- ease of all terrestyial bodies, fires excepted, which
have a light of their own. But other bodies, which
* are denominated opaque, become visible to us only
when they are illuminated by some lnminous body.

..Jn a very dark night, or in an apartment, so close-
Jy.shut on every side that no:light can find admis-
sjon,. to ne purpose will you turn. your eyes toward
t:hgxgl-)jects which surround you in the dark: you
perceive nothing, But the moment a taper is im-
izpduced, you immediately see, not the taper only,
but the other bodies which were before -invisible.
We have here, then, a very essential difference be-
tween luminous and opaque bodies. I have alrgady

employed. the term opague to denote badies whic

are not transparent ; bunt it comes to almost the same
thing; and we must accommodate ounrselves to, the
gommon modes, of expression, though they are not
perfectly accurate. Luminous bodies are visible: by
their own light, and never affect our organs. of sight
moze: than when the darkness is otherwise most pro-
found. Those which I here denominate opague, axe
Igndered visible to us only by means.of a light that
isuforeign to them. We perceive them not while
they .remain in darkmess; but as soon as they:sre
exposed to a luminous body, whose rays strike upon
ihem, they become visible; and they disappear.the
amoment. that forgign light is withdrawn. lt.is not
yennecessary that the rays. of a luminons body
1guldifall apon them immediately ; another opague
ady,. when well illyminated, produces pearly the
ame effect, but in a feebler manner. Co

The moon is an excellent insiance. We know
that the moon is an apaque body ; but when she is

lluminated by the s5un, and we see her during the

night, she diffuses a feeble light over all opaque

hodjes, and renders visible to us those which we
.conld not have perceived without her assistance.
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Placed in the day time in an apartment whose aspect
is toward the north, and into which, of course, the
rays of the sun cannot enter, it is, however, perfect-
ly clear, and 1 am able to distinguish every objeet.
What can be the eause of this clearness, but that
the whole heaven is illuminated by the sun? ‘What
we call the azure sky, and, besides, the walls oppo-
site to my spartment, and. the other surrounding
objects, are likewise illuminated, either immediately
by the sun, or mediately by other opaque bodies,
exposed to the action of that focus of light ; and the
light of all these opaque, but illuminated bodies, as
far as it has admission into my apartmeut, renders it
luminous, and that in proportion as the windows are
high, wide, and well placed. The glass is little ox
no interruption, being; as I have already remarked,

a transparent body, which freely transmits the rays |

of light.

When 1 completely exclude the light from théj

apartment by closing the window-shutters, I am re-

duced to a state of darkness, and discern no ohject, .

nnless I call for a candle. Here then is an essen-
tial difference between luminous and opaque bodies;
and likewise a very stiking resemblance, namely,

that opaque bodies, when illumirated, iluminate
other opaque bodies, and produce in this respect|

nearly the same effect as bodies luminaus. of them;

" gelves. The explanation of this phenomenon hag:
hitherto greatly perplexed philosophers; but I flatter
myself that my solution of it has been clear and]

satisfactory.
- Q4¢h June Y160,
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Lerrer XXIIL—How Origue BoDIES BECOME
- VisiBrLE., NewronN’s SvsTeMm oF THE REFLECTION
. oF I’AYS PROPQSED.

- "BeroRrE I attempt an explanation of the pheno-
menon of opaque bodies becoming visible when they -
are illuminated, it must be remarked in general, that
we-see nothing hut by means of the rays which enter
nto our eyes. When we look ai any object what-
exer, Tays issuing from every point of that object,
and entering into the eye, paint upon it, if I may

" use the expression, the image of the object. This 15

not mere conjecture, but may be demonstrated by
experiment. Take, for example, the eye of an ox,
or of any animal recently killed, and, after havin

tincovered the bottom, you find all the objects Whicﬁ
were before it painted there. As often then as we
see an object, the image of it is painted on the bot-
fom of our eyes; and this is produced by the rays

‘which proceed from the object to us. 1 shall after-
wards take occasion to go into a more minute detail
-on-the subject of vision, and explain in what manner
_theimages of objects are formed on the bottom of
'!Ehf:eey-e: Iet this general remark suffice for the pre-

it
As-we see opaque bodies only when they are illu-
ated, this is a proof that there must proceed
L every point of these bodies rays of light which
sist only during the illumination. The moment
gy are placed in the dark these rays disappear.
They are not proper then to opaque bodies; their
igin must be sought in the manner in which other
eg illuminate them. And this is the great ques-
n, how illumination alone is capable of producing
ys on-opaque bodies, or of putting them in nearly
e.same state as luminous bodies are, which, by an
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agiltlatgon in their minutest particles, produce rays of
jerht 7 B BRI L il
. The :great Newton, and-other philesophers-who
have examined the subject, assign reffection as-the
cause of this phenomenon: it is therefore of the:
highest importance that you should: form a just idea
of what is called reflection. CoT e e
- This name is given to the repulsion-of one body’
struck against another, as may be seen in:the game
of hilliards. When the ball is.struck against the:
cushion orledge of the billiard table, it recoils-again
and this retrograde motion is termed reflection. - It
is necessary here to attend to a distinction between:
two.cases. Let us suppose A B. (Prare L Fig. 7.}
to be the ledge of a billiard table, - The first case-is
this: When you play the ball D-perpendicularly
against the ledge, in the:divection of D G, perpendi4
cular to A B, and consequently the adjacent angles
A CDand B CD ave right angles: n. this case;
the hall will be driven back or reflected in the- same
Jine D C. The other case is, when the ball is play=
ed obliquely against the ledge, suppose in the liné
E C, forming with: A: Bian acute angle A-C B, this
is called: the angle: of incidence, - The -ball-will in
this case be repelled from: the ledge in the direction
of the line C ¥, so that this line shall make on thé
ather side, with the ledge B-€; an angle B C F, exr
actly-equal to the angle’ of incidence A€ E. -~ Thig
angle B C F, formed by the: line imwhich the bal
veeoils, is. called the angle oftreflection.. : And this
law always takes place when a-bodyin metion meets
with an obstacle. ,
A cannen. ball shot againstra wall sufficientl;
strong to vesist it; is veflected: conformably to this

law, . It extends, in like manner, to sounds which
are frequently veflected from certain-bodies; apf

you know that this reflection of sound is called '_ech
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1t cannot be doubted, that the same thing frequent]
takes place with respect to the rays of light, The
_ qh']gcts which we see in mirrers are represented. to
- us by the reflection of rays, and every well polished
surface reflects the rays of light which fall upen it,
Itds undoubtedly certain,. therefore,. that: theve.are
cases. mthopt number in which the rays that fall on
-~ ¢ertain bodies ave reflected ; and philosophers. have
thence taken occasion to maintain, that opaque bo-
dies are rendered visible by means of reflected rays.
1, gee just now houses opposite to. my windows
which are illuminated by the sun, According, then,
to.the opinion of those philosophers, the rays of the
sun falling on the surface of these houses, are reflect-
gd-,ﬁ:om them; they enter into my apartment, and
xgggde:_n these houses visible to me. In the same man-
ner, if we believe those philosophers, the moon and.
_the planets becoms visible, and these are unquestion-
ably opaque bodies. ‘The rays of the sun which fall
on:these bodies, and illuminate the parts which are
-exposed to them, are reflected, and are thence trans-
mitted to us, just as if the hodies were luminous of
hemselves.  According to. this opinion, wg see the
dwaon. and the planets. only by the rays of the sun
which they reflect; and you must frequently. have
-heard. it affirmed, that the light of the moon is & re-
fection of the light of the syn. In the same man-
ner, say they, the rays of the sun are reflected by
he: first opaque bodies which are exposed to them,
-other bodies of the same nature, and undergo a
vies of similar roflections, till they are entirely
eakened. :
nt however plausible this opinion may at first
ght appear, [it.involves so many absurdities when
osely examined, that it is absolutely untenable,
ch I hope to demonstrate, as a preparation for
& true solution of this phenomenon,
2824 June 1760,
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Lerrer X XIV.—ExaAMINATION AND REFUTATION
oF NEwToN’s SYsTEM. . .

1 arFrny, then, that when we see an opaque body
illuminated by the sun, it is impossible to maintain
that it reflects luminous rays, and that by means of’
such rays it is rendered visible to us. The example
of a mirror, which undoubtedly reflects the rays, and
is employed to support this opinion, rather confutes’
it. The mirror, beyond contradiction, sends back
the rays which fall upon it; but when these reflect-
ed rays enter into our eyes, what do they represent 7,
You will readily answer, that it is not the mirvor,:
but the objects from which they originally proceed-
ed ; and the reflection does nothing else but enablel
us to see these objects in another place. Besides,,
we see those objects not on the surface of the mirvor,,
but rather within it; and it may be said with truth,
that the mirtor itself remains invisible to us.

But, on looking at an opaque body illuminated by
the sun, we do not see in it the image of that glori~
ous orb ;' we see only the surface of the bodies, with
all the variations to be found on them. We per-
ceive, then, a very essential difference between the
rays which are reflected from a mirror, and those by
means of which opaque bodies ave rendered visible
But there is, besides, another difference equally pal-
pable in the mirror; for on changin
the objects, or our own situation, the appearance
will always change, and the rays, reflected from the
mirror, will continually répresent to our eyes othef

images, corresponding to the nature and position of

the objects, and to the place where we are stationed;
but, as I have already said, these reflected rays never
represent to us the mirror itself. B

o the place of

Let 24. © OF NEWTON'S SYSTEM, 73

. Now, let a body be illuminated i)y the sun, or

- other hodies, whether luminous or opaque, already

illuminated ; in whatever manner this body may

* change its place, or we change ours relatively to if,

Us appearance is always the same; we see always
the same object, and remark in it no change relative
to the different circumstances above mentioned.
This furnishes a new proof, that we do not see 6paqi1e
hodies by means of the rays reflected from their sur-

face.

An objeetion will perhaps be started, drawn from
the dove’g neck, and certain kinds of stuff, which
present different objects, according as our point of
view changes. But this in no respect weakens my
conclusion with regard to ordipary opaque bodies,
which are not subject to this change., The objection
only proves, that these singular objects are endowed
with certain qualities ; as, for example, that theiv
winuter particles are finely polished, and that a real

- reflection takes place, beside the usual and ordinary

manner in which bodies are rendered visible to us.
n Now, it is easy to comprehend, that this reflection
must be clearly distinguished from the manner in
which ordinary opaque bodies ave illuminated..

. Finally, the rays reflected from a mirror always
represent to us, likewise, the colons of the bodies

' from which they originally proceed ; and the mirror,

which reflects, makes no change in this respect, One

épaque body, illuminated by any other body, in -

Whatever manney, always presents the same colqurs_.;
1d every body may be said to have its proper co-
legl'.' This circumstance absolutely overturns the
inion of all those who maintain, that we see opaque
di;les by means of the rays which their surface re-
cts,

Putting together all the reasons which I have now

submitted to your consideration,- there can be no

VOL. I. D
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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,






