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XXXIV. Difficulties in the Newtonian Zbeory

of Light, confidered and removed, by the
Rev. S. Horley, LL. B, F.R. §.

Read Dec. 20, R. Franklin, in a letter to a corre-

1770 fpondent at New-York, the 23d
of that valuable colleGtion with which the public was
obliged in the latter end of the year 1468, propofes
fome objections to the Newtonian theory of Yight. ~His
words are thefe, « I am much in the dark about
v light. Iam not fatisfied with the do&rine that
« fuppofes particles of matter called light, continual-
4 ly driven off from the fun’s furface with a fwiftnefs
« fo prodigious. Maulft not the fmalleft particle con-

¢« ceivable have, with fuch a motion, a force exceed~

¢

ing that of a twenty-four pounder difcharged from
¢« a cannon? Muft not the fun diminifh exceedingly
¢ by fuch a wafte of inatter, 2nd the planets recede
- «¢ to gredter diftances by the leflened attraction ? Yet
“¢ thefe particles with this amazing motion will not
drive before them, or remove, the leaft and lighteft
duft they meet with: and the fun, for aught we
know, continues of his antient dimenfions, and his
attendants move in their antient orbits.” Dri
Vor. LX, ‘Hhh Franklin’s
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Franklin’s queftions are of fome importance, and de-
feive a {tiict difcoflion. ‘

Upon the fuppofition that light is a copious ema-
nation of innumerable fmall particles of matter from
the fun, I had once occafion to enquire, what the
force of motion produced in every fuch emiffion could
poilibly amount to at the utmoft. ‘

For this purpofe, I made an eftimate of the greateft
probable magnitude of the particles of light ; and of
the greateft denfity of each. '

I likewife computed the greateft number of fuch
particles, that could poffibly fly off at once from
the. furface of the fun; fuppofing the fun’s horizontal
parallax to be no more than 8”. _

Thefe computations, with an account of theprin-
ciples on which they were founded, having been al-
ready given to the public?; I fhall make ufe of the
refults (which I thall here briefly ftate) as data for
the difcoflion of Dr. Franklin’s queftions.

I fuppofe the particles of light to be equal {pherules.
This, perhaps, is not the cafe. Each coler has proba~
bly its own fize; but, there will be a mean fize,
which is fufficient for my purpofe.

This mean fize I fuppofe to be fo fmall, that the
diameter of each fpherule does not ¢xceed one mil-
lionth of one millionth of an inch. I fhall fhew here-
after, that there is much reafon to fuppofe that the
particles of light are in fa& much lefs than {pherules
of this diameter.

2 In a little treatife, entitled, The Power of God, deduced
from the computable inftantancous Produétions of it in the
Solar Syftem,

I fup-
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I fuppole the denfity of each particle three times
that ot iron®. The number of fuch fpherules that
contain as much matter as an iron ball of one yard
.diameter, I have foundto be 15552 xxxvicd; con-
quently 576 xxxv1 fuch {pherules contain as much
matter as an iron ball of 1 foot diameter.

Let fuch a ball be fuppoled to move uniformly
with a velocity that thould carry it 1000 yards in 17,

The light of the fun traverfes the femidiameter
of the orbis magnusin 4 nearly.

In the enfuing calculations, I (hall reckon the fun’s
horizontal parallax ¢’/

According to this hypothefis, the femidiameter of
the orbis magnus will contain 22919 femidiameters
of the earth. -

In 1”7 of time, light, according to the velocity af-
figned toit, traverfes _1-** of this fpace, or 54,57 fe-
midiameters of the earth, or 381092325 London
yards. : :
Hence the velocity of each particle of light, will
be to that of the iron ball moving 1000 yards in
1”7 as 381092 to 1, very nearly.

And the ball being 1 foot diameter, it has been
thewn that the matter in each particle is to the mat-
ter in the ball, as 1 to 576 xxxvI. ‘

Hence the force of the motion in each particle of
light, is to the force of motion in the ball as 381092
to 576 xxxvr; that is, as 1 to 1511444 xxV1I, OF,

® Inftantaneous Produdt. &c. p. 30.

¢ Ibid. :

¢ The Roman numerals placed after the Arabic charadters,
denote the number of zeros that muft be added to the Arabic
figures, to compleat the expreflion of the number intended.

haz2 it
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it is equal to the force of motion in an irop, ball of

1 foot diameter moving W‘h of 1oooyardsin

1”7, or to that of an iron ball of rinch diameter moving

th. . .
————— of ryardin1’/, ortothat ofaniron ball of
874679 xx1

1 of aninch diameter moving—

e th I
13666 of 1yard in

¥/ ; that is, moving lefs than ﬁ;—s—;‘—x-; of 1footin1’/;
that is, moving lefs than a foot in 4555 xx.1 feconds,
or in more than ome bundred forty four thoufand
millions of millions of Egyptian years: or the force
of motion-in each particle of light coming from the
fun, is lefs than that in an iron ball of § of an inch
diameter, moving at the rate of lefs than an inch in
12 thoufand millions of millions of Egyptian years.

Dr. Franklin’s firft queftion is anfwered. A par-
ficle of matter, which is probably larger than any
particle of light, moving with the velocity of light,
has a force of moation, which, inftead of exceed-
ing the force of a twenty-four pounder difcharged
from a cannon, is infinitely lefs than that of the
fmalleft fhot difcharged from a pocket piftol, or lefs
than any that art can create. :

I proceed to the other queftions—And, I think
that | thall make it appear, that it is very pofiible
that light may be produced by a continual emiffion
of matter from the fun, without any fuch wafte of
his fubftance as thould fenfibly contract his dimen-
fions, or fenfibly alter the motions of the plancts,
within any moderate length of time,

Indeed, I do not think it neceffary to the produc-

tion of any of the phenomena of light, that the
emanation
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emanation from the fun thould be continual in a ftrict
‘mathematical fenfe, or without any interval. It
feems fufficient to all purpofes, that the intervals
thould be exceeding fhort. But this I only mention.—
I think it poffible that a continual emanation might
fubfift, without any fuch dangerous confequences to
the folar fyftem, as Dr. Franklin apprehends. Dr.
Franklin’s charater is not more diftinguithed by his
fuperior talents, than by a-candor truly philofophical.
And upon this circumftance, I build the ftrongeft
confidence, that he will not be offended, that I differ
from him: that, as a friend to enquiry, he will be
pleafed that I take the liberty to communicate my
own notions, however oppofite they may be to his.
It will be eafily underftood, that a continual emu-
nation from the fun does not neceflarily imply a
continual wafte, or lofs, equal to the emanation.—If
light is continually iffuing from the fun in all direc~
tions, part of this is continually returning to him,
by refleGtion from the planets, and other light is
continually coming to him, from the funs of other
fyftems. It is true, that the light which he receives,
1s but a very {mall part of the light which he gives.
For if the light always coming to the fun were equal
to the light always going from bim, our atmofpnere
would be as ftrongly eniightened in the night as in
thz day.—But this is not the cafe ; and the propertion
of the light that comes, to the light that goes, cannot
be greater than that of night-light at a medium, to
day-light at a medivm—ftill it is fomething—and
the continual Jofs of fubftance that the fun fuftains
cannot be more than the difference between the
lizht that he gives, and the Jight that he receives.

4 And
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And therefore, if there were no other recruit of the
fun’s fubftance (which is by no means a probable
fuppofition) yet the continual wafte will, on this
account alone, be lefs than the continual emiffion ;
and the fun cannot lofe fo much of his fubftance as
a fingle emiffion of light contains, but in fome de-
terminate time. I fhall fuppofe that the fun gives
fo much more than he receives, that he lofes
the amount of one emiffion in every fecond of an
hour. Let us fee what will be the confequence.
Every particle of light that iffues from the fun, muft
leave a fpherical vacuity of one millionth of one
millionth of an inch diameter.

The greateft number of particles of this fize that
can iflue from the furface of the fun at once, if the
horizontal parallax be ¢/, is 104666 xr1°, becaule
this is the greatelt number of fuch particles that
would have room to lie at once upon his furface.
And the fame will be the greateft number of {pheri-
cal vacuities made by one emiffion.

Many of thefe vacuities are no fooner made, than
they are filled up by the light that is coming to the
fun from other fyftems, or returning to hum from
the bodies of his own, or, perhaps with other matter
which he may receive in various emanations from the
planets ; for I firongly fufpe thata perpetual circu-
lation of finer matter may fubfilt berween all the
large bodics of the univerfe. ‘The emiffion of light,
however, is fuppofed fo far to exceed the whole

¢ The greateft number of particles that can iflue from tke
{un at once, w:s reckoned in the Inftant, Prcduét. 132467 xL1;
but then the ©’s parallax was reckoned only 8",

2 fupply,
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fupply, that in every fecond, over and above the
vacuities that have been filled up with adventitious
matter, the foregoing number, 104666 xL1, have
been formed that have received no fuch fupply. The
Suid matter of the fun? ruthes from all fides into
thefe, and fills them up to its own level. The fun
by this means thrinks a httlc, and lofes, once in every
fecond, fo much of its folid content, as the folid con-
tents of thefe vacuities amount to.

I have found that the folid contents of 466 56 xxxv1
fuch vacuities are cqual to the fphere of one yarde.

‘Therefore the folid contents of 104666 xrL1 fuch
vacuities, are equal to 2243354 times the fphere of
one yard And fo much is the fun’s folid content
diminithed every fecond.

The fphere of the earth is to the fpherc of one
yard, as 27247031 X1v to 1 h,

Therefore the fphere of the earth is to 2243353
times the {phere of one yard as 121456 x1to 1.

Therefore the fun lofes an earth of its folid con-
tent in 121456 x1 feconds, or 3835130000 Egyptian
years nearly.

It the fun’s parallax be g7, the folid content of the
earth is L, +,-- Of the folid content of the fun.

Therefore, in 385130000 Egyptian years, the {un
fhould lofe . .7, ..th of bis {olid content, and con-
fequently in the fame time the diameter of the fun

f T {uppefe the fun to be a fluid mafs: by thxs bvpotheﬁs, I
give the utmoft force to Dr. Franklin’s objection; for, the more
perfe&ly the fun is fluid, the more fuddenly will the vacuities
be filled up.

& Vide Inftant, Predud. p. 30.

h Ibidu p- 16‘

fhould
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thould lofe ;445 th of its whole dimenfions. And
in the fame time the apparent diameter fhould lofe
the like part of its quantity, if the diftance between
the earth and fun remained unaltered. _

The fun’s mean apparent diameter contains 1922
feconds. Therefore o is55 th of the ©’s apparent
diameter, is .2.-th of one fecond very nearly. Soin~
confiderable would be the whole diminution of the
fun’s apparent diameter, that could arife from the
wafte of his fubftance, in 385130000 Egyptian

ears.
d But the wafte of the fun’s fubftance muft leflen
the attraction between the earth and fun. As the
attraction leflens, the ‘earth will recede to greater
diftances. And hence there will arife a further di-
minution of the fun’s apparent diameter, and a pro=-
longation of the anomaliftic year.

The denfity of each particle of light has been
fuppofed three times that of iron, or 23 times the
mean denfity of the earth®. Therefore, as often as
the fun’s lofs by light amounts to an earth in- fize,
it will amount to 273 earths in matter.

The matter of 23 earths is 1., d of the fun’s
matter, if the fun’s parallax be 9. '

Therefore in 385130000 Egyptian years the fun
lofes y-d of his matter; and the gravitation to-
wards the fun, at any given diftance, diminithes in

% T reckon the mean denfity of the earth no greater than that
of common water. It is certain that it cannot be lefs, Sir
Ifaac Newton reckons it § or 6 times greater ; but I confefs that
1 am not fatisfied with his reafons for making it fo great. If
1 have under-rated it, I have, in fo doing, given the advantage to
Dr. Franklin’s obje&ion.

' the



[ 425 ]

the fame proportion. But this alteration is much
too fmall to difcover itfelf in the motions of the earth
“or any of the planets. I will not at prefent confider,
by what law the diftance of the plancts from the
fun would increafe, becaufe the enquiry could not
be reduced to a fmall compafs ; but itis obvious, that,
whatever that law may be, it muft arife folely from the
diminution of gravitation: and the like is to be faid
of the increafe of the anomaliftic periods. And
therefore, while the diminution of gravitation is in-
fenfible, the changes in thefe circumftances muft be in-
fenfible too. Of all the changes to which our fyftem
may be obnoxious, thofe which fhould arife from
the wafte of the fun’s fubftance in light, upon the
fuppofition that light is an atual emanation of
matter from the fun, reckoning that wafte at the
utmoft, are perhaps the leaft confiderable.

In the foregoing computations, the inftantaneous
emiffion of light has been greatly over-rated. For if
the particles of light were of the magnitude and
denfity which has been affigned to each, and were to
iffue from the fun in the clofe arrangement that has
been fuppofed, they would form a fort of cruft
upon the fun’s furface, at leaft 12 times more denfe
than water, 7. e. gboo times more denfe than our at-
mofphere in the parts next the earth’s furface, if the
denfity of common water compared to that of air
be reckoned only as 8co to 1%, But if the denfity
of light upon the fun’s furface be gboo that of our
air, its denfity when it arrives at the earth, or its

k It is well known that the denfity of water to that of air, is
as 850 to 1 at eaft.

Vor. LX. Iii denfity
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denfity upon the furface of the orbis magnus?s
thould be more than ith part of the denfity of our
air.  When fubftances of different fpecific gravities,
as a piece of gold and a piece of cork, defcend, in
the exhaufted receiver, with equal velocities, and fall
equal heights in the fame time, it is obvious, that the
denfity of the medium, through which they fall, bears
nofenfible proportion to the denfity even of the lighter
fubftance. The medium through which fuch fub-
ftances fall, in a tranfparent glafs receiver, is compofed
of fome fmall portion of rarified air, and, to all ap-
pearance, of the fame quantity of light, as the re-
ceiver contains before exhauftion. For the quantity
of light, in a tranfparent receiver, can by no means
fuffer any diminution, by the alion of the air-pump.
The denfity of the light therefore, in our air, is cer-
tainly too {mall to bear any fenfible proportion to
that of gold or even of cork. And the denfity
of cork bears, though a great, yet a finite and
a {enfible proportion to that of the atmofphere; be-
caufe in air gold and cork do not defcend with equal
velocities. Hence, I think, I may conclude with the
greateft certainty, that the denfity of the fun’s light
at the earth, or upon the furface of the orbis magnus,
is too fmall to bear any fenfible proportion to the
denfity of common air; and I fhall hardly under=
rate the denfity of the light, if I reckon it only
+sassth part of the denfity of theair,or 21 th

BFOCTTOTTO

part of the denfity of common water. Suppoic this

! By the furface of the orbis magnus, I mean to denote a
particular place in abfolute fpace, namely the furface of that
fphere which is concentric with the @, and hath the eartl’s
mean diftance from the @ for its femidiameter,

to
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to be the denfity of light upon the furface of the
orbis magnus, and it will be found by computation,
that its denfity upon the fun’s furface, muft be lefs
than _z_d of the denfity of common water.

From thefe confiderations, I think it may be con-
cluded with the greateft certainty, that the quantity
of matter that iffues from the fun in light, has been
greatly over-rated in the foregoing computations.

I apprehend, however, that the denfity of each
feparate particle cannot be lefs than has been fup-
pofed: but that the magnitude of each is lefs, and
the arrangement lefs compact™. Let the denfity of
each, and the number that iflues at any one time
from the fun, remain as before; and let us confider, in
what proportion the magnitude of each particle, muft
be diminifhed, fo that they may altogether form a
fluid, on the fun’s furface, 143 times lefs denfe than
water. Let ABCD reprefent a fection of the fun’s
fphere, through the centre S». In the fpherical fur~
face ABCD, take any point B. Join SB, and take
Be, B/, each equal to the femidiameter of a particle
of light. Upon the centre S, at the diftances Se,
S f, imagine two other fpheres, e g b, f%/, one in=
clofing, the other inclofed within the fphere ABCD.
The folid {pace e f£/g b, is the f{pace that contains
all the particles of light (with their interflices) that
iflue together from the fpherical furface ABCD;
and becaufe ¢ f bears an exceeding fmall proportion
to § B, therefore the fpherical furfaces e g b, f %/, are
very nearly equal each to the other, and to the {phe-

= Vide Inftant. Product. p. 37.  * See the fig. p. 429.

Iiiz2 rical
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rical furface ABCD; and the folid fpace contained
between them is very nearly equal to a cylinder, upon
a bafe equal to the fpherical furface ABCD, and of
altitude equal to ef. Therefore diminith the dia-
meter of each particle of light, that is, diminith ¢f; in
any proportion whatfoever, and the folid {pace ABCD
X ¢f diminifhes in the fame proportion. And if the
matter in that fpace were given, the denfity of it

would always be as e—l— But the matter of each

particle of light, and confequently the matter of the
given number in the fpace ABCD x¢f, is always
as¢f*, ‘Therefore the denfity of the fubftance
formed by light in the fpace ABCD x ¢ f; is always

ef? .
as ;7 oras ef.

That is, the number of fpherical particles of light,
in the folid fpace ABCD xe¢f, being given, and the
denfity of each particle, and the fpherical furface:
ABCD being given, the fquare of the diameter of
each particle will be as the denfity of the fubftance
they compofe, upon the {urface of the fun. But it has
been found, that if the diameter of each fpherule
were one millionth of one millionth of an inch, the
greateft number of fuch fpherules, that the fun’s
{urface can contain at once, would, with the denfity
which has been affigned to each feparate particle,
form a fubftance upon it 12 times more denfe than
water. ‘Therefore, that the fame number of fuch
particles thould form a fubftance about 173 times
lefs denfe than water, the diameter of each muft
not exceed ‘2 th of one millionth of one
millionth of an inch. But I have thewn that the

' greateft



greateft probable denfity of light upon the fun’s
furface does not amount to 173d part of the
denfity of common water. ‘Therefore the diameter
of each fpherule does not exceed :%th, or more
accurately, _*°co th, of one millionth of one
millionth of an inch; and is probably ftill lefs=
More than 95100 fpherules of this fize go
to make up one of the fize firft aflumed.

Therefore, though the fun fhould lofe as much

* Inftant, Product, p. 38—41.
matter
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matter, as can be fuppofed to be contained in any
fingle emiffion of light, g g100 times in every {econd,
no fenfible alterations in the fyftem could take place
in millions of years. And perhaps light does not

iflue from the fun fo frequently as 95100 times in
a fecond.

June 13, 1770, S. Horfley.

P. S. The late Dr. Pemberton, of Gretham Col-
lege, to whom the foregoing paper was communi-
cated, about twelve months before his death, in a
letter with which he favoured the authour, upon the
fubje&, remarked, that he had no material objection
to any part of the reafoning, except it was, that the
particles of light are too peremptorily fpoken of as
fpherules. Their real figure is quite unknown; but
the probability is, that they are not fpherical, fince
Sir Ifaac Newton found that their different fides have
different properties. As the like objection may oc-
cur to others, it may not be improper to add a few
words to obviate it. I would by no means be under-
ftood to affert, that the particles of light are of a
fpherical figure. But, whatever their figure may be,
I conceive that their fize muft be fo {mall, that the
diagonal of each little folid cannot exceed one
millionth of one millionth of an inch, or, at leaft,

2 that
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that each is capable of being. circumfcribed within
a fphere of that diameter. To the reafons which are
given for making them fo finall, in the treatife fo
often referred to, I thall here add another, which may
perhaps be more generally convincing : namely, that
thefe bodies muft be fo minute as to find room to enter
in, in fwarms, at the pupils of the eyes of the fmalleft
microfcopic animals, and not to injure, by their ftroke,
the very delicate fibres of their optic nerves, nor to
lacerate the edges of theuvea; which thofe that enter
near the fides of the perforation, if their figure be
not round, muit often brufh with their angles, as
they pas by. Now, if it be granted, that the
greatelt diagonal of each folid corpufcle of light
dces not exceed one millionth of one millionth of an
inch, or that cach is capable of being circumfcribed
with a fphere of that diameter; then, the folid con-~
tent of a fphere of that diameter is the maximum of
the folid content of each corpufcle, and the matter
in fuch a fphere, of due denfity, is the maximum of
the matter in each corpufcle. The maximum there-
fore of the force of motion in each particle, is the
force of a fpherule of the fize affumed, moving with
the known velocity of light; and therefore, be the
figure what it will, my conclufion (p.420.) which refts
entirely on the maximum-of fize and matter, will
ftill hold good, unlefs it can be fhewn that I have
under-rated the denfity of each particle; and even if
it could be praved that I have affuined the denfity too
{mal}, inthe proportion of 1 to 12 thoufand times the
fquare of one million, flill the general conclufion
will not be thaken: for this vaft increafe of the
denfity will raifc the force of motion, in each cor-

puicle
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pufcle, to no more than that of an iron ball § of
an inch diameter, moving one inch in a whole
ear.

’ Again, in the diagram, p. 429, S B being the dia-
meter of the {un, and /' B, Be being each the half of
one millionth of one millionth of an inch, the fpace
_contained between the fpherical furfaces f2/, egh,
is the maximum of the fpace that the particles of
light with their due proportion of interflice can fill,
as they ftart forth from the furface of the fun.
For, whatever their figure be, it muft be fuch a one
as can be laid between thefe two fpherical furfaces.
Now the quantity of matter in this fpace, muft not
be greater, than it would be upon the hypothefis that
each figure was fpherical, and the number of fpheri-
cal particles the greateft poflible. Since, upon that
hypothefis, the denfity of matter, crowded into this
fpace, is vaftly too great,to be confiftent with the
appearances of nature (vide p. 425, 426.) ; and con-
fequently a greater denfity would be more incon-
fitent. Therefore the maximum of the matter, and
confequently, if the denfity of each feparate particle
has been rightly aflumed, the maximum of the folid
content, in each emiffion of light, is what I have made
it ; at leaft it does not exceed what 1 have made it,
be the figure of the particles what it will ; and my
conclufions (p. 424 and 425.) which reft entirely
upon the maximum of the folid content, and that
of the matter, and are the ftronger the lefs thefe
maxima be, will ftill hold good, But if thefe
conclufions ftand, the objections moved by Dr.
Franklin. vanith.

The
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The only part of my reafoning which will be
affected, by fuppofing the figure of the particles of
llgh* not to be {pherical, will be that, (p. 427, &ec.)
in which I attempt to thew, in what preportion the
magnitude of euch particle,and the matter,contained in
each emiffion, muft be lefs than the maximum,in order
tomake the denfity of light no greater, than may be
confiftent with the appearances of nature. Here in-
deed the figure of the corpufcles is of great impor-
tance. The diminution neceflary will be very difterent
in different figures, and the figure, I confefs, may be
fuch, as to m.ikc it much lefs, than what I have
fhewn to be requifite upon the fpherical hypotfrﬁs.
However, if _ % th part of the denfity ot our air
be admitted to be as great a denfity, as can reafon-
ably be allowed to light, at the furface of the orbis
magnus, the matter of each emiffion muft not, upon
any hypothefis of the figure of the corpuftles, exceed
soxsth of the maximum.

For, in order to bring the denfity down, from the
maximum to any other given limit, either the matter
muft remain unaltered, and the fpace, which it is
fuppofed to occupy, be encreafed, in the proportion in
which the denfity is to be diminithed ; or the fpace
muft remain unaltered, and the matter be diminifh-
ed in proportion to the denfity; or, if both fpace
and matter be altered, the matter muft be changed
in the proportion compounded of the two, in which
both fpace and denfity are varied. Now the fpace
which we fuppofe the light to occupy, as it is emerg-
ing from the furface of the {fun, muft not exceed
the fpace contained between the fpherical furfaces
egh, f kl(fig. p. 429.). For that fpace, as has been

Vor. LX. Kkk obferved,
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obferved, is the maximum. This fpace may be di-
minifhed ; but if it be diminithed, the matter being
diminithed as the fpace and as the denfity jointly,
muft be more diminithed than in the fimple pro-
portion of the denfity. Therefore the diminution
of the matter will be the leaft poffible, if, the fpace
being fuppofed to «continue at its maximum, the
matter be diminithed in the fimple proportion of the
maximum of the denfity to the denfity required.
Various formations of the particles of light might
be thought of which would anfwer this purpofe.
It might be anfwered, indeed, upon the fpherical
hypothefis, by diminithing the number of fphe-
rules, retaining the maximum of their fize ; or retain-
ing the maximum both of fize and number, if it can
be thought reafonable to diminith the denfity of each
particle.  But upon any hypothefis, the diminution
of matter cannot be lefs than has been faid. That
is, the matter of each emiffion cannot pofiibly
exceed . th of the maximum. For the pro-
portion of the maximum of the denfity to the
denfity required, will be found by computation,
to be that of 2084 to 1, very nearly. Therefore
the utmoft probable amount of one emiffion
is s5,th of the maximum, be the figure of the
corpuicles what it will. And the fun may lofe the
quantity of a whole emiflion 2084 times in a fecond
without any fenfible confequences.

I cannot apprchend from, any quarter, {fo un-
philofophical an objetion, as that the extreme
minutenefs of the particles of light, which I have
thewn to be neceflary, if light be really matter, is

an
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an argument againft their exiftence. Size is a meer
accident, and no part of the eflence of any being.
Great and fmall, applied to finite things, are purely
terms of comparifon. One Being only is ab-
folutely Great: he whofe fubftance pervades and
fills the whole and every part of Abfilute Space;
becaufe in refpect of Him, all things that are,
are little.

Notwithftanding the maximum of moving force,,
in each particle of light is fo inconfiderable as I have
thewn it to be, yet the number of particles, out of
each emiffion, which are direGed towards the earth,
and fall upon its enlightened hemifphere, being ex-
ceeding great, it may perhaps be imagined, that the,
force imprefled by them all upon the earth, if they
all aually firike its furface, may amount to fome-
thing worth attending to. I have taken the pains
to fatisfy myfelf upon this queftion, and fhall briefly
mention the refult of my computations..

Reckoning every emiflion at its maximum,
I find that the number of the particles, out of
each, which fhould fall upon the earth’s en-
lightened hemifphere, is 492023xxx1, or that of
which the logarithm is 36.6919854. The moving
forces of this whole number amount to as much,
as the force of an iron ball, of one yard diameter,
flying 68 mile and 887 yards in one fecond. But
the progreflive force, which they might communicate
to the earth, does not exceed that of an iron ball of
the fame fize, flying 34 mile and 443 yards in one
fecond °. And, if this whole force be transferred

® Only one particle out of each emiffion from any very fmall
given part of the fun’s furface, can ftrike the earth’s {urfuce per-
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from the iron ball to the globe of the earth, the pro-
greflive velocity of the earth’s center will be found
to be no more, than that with which a body would
traverfe about £ of one millionth of one millionth of

pendicularly, ‘The force of every particle, which impinges
obliquely, is refolvable into two, one perpendicular to the fur-
face, and the other parallel to it. That part of the force,
which is perpendicular to the earth’s furface, produces a pro-
greflive motion of the whole globe. The other, which is
parallel to the furface, contributes nothing to the progreflive
motion, but tends to produce a rotation of the globe upon an
axis. Hence the progreffive force of motion, communicated to
the globe, is lefs than it would be, if all the particles ftruck the
furface perpendicularly. It is further leflened upon another
account, namely, that the whole of tF ¢perpendicular force is
not effeCtive in moving the earths cepter. I find by com-
putation that the diminution upon the whole is 2. For the
eafc of the mathematical reader, I fhall briefly ftate the prin-~
ciples upon which this computation of "the force with which the
earth may be ftruck by light, has been framed.

The number of parucles, which are direCted to the earth out
of each emiffion, is to half the number of the whole emiflion,
in the duplicate proportion of the chord of the fun’s horizontal
parallax, to the chord of ¢o°: by the known doétrine of Archi-
medes. Hence, the number of the whole emiffion being deter~
mmed, the number of thofe which tend towards the carth, is
given. And the force of cach fingle particle bcmg given, the
fum of the forces of that given number is given; and this
is the progreflive force which would be imprefled upon the
earth, if ali the force of each particle were effeCtive, In what
proportion the progre(- : C
five force is diminifhed,
on account of the vari- nz/ b4
ous obliquities of im- 4 , 077:
pulfe, is thus invefli- éL é
gated,

Imagine T to be the K
earth’s center and ACB ,
to be half a great circle A T 7 %‘fa/lB
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an inch in 100”. This is the utmoft effe@ of the
force imprefled upon the earth by each emiffion. If
the emifflions were inceflant, this might be confidered
as a central force, counteracting the fun’s attraction :

of the earth, perpendicular to that which feparates the enlightened
and the dark hemifphere, and which fhall be called the termi-
nator, Upen the plane of this femicircle, fuppofe the termi-
nator, and its parallels in the enlightened hemifphere, to be pro-
je€ted, into riaht lines AB, b, /m, no, &c. which are diameters
of the circles refpeively, of which they are the projeltions,
The fun’s dift:nce may be confidered as infinite ; and therefore
the rays of light, i. e. the directions of the particles, when they
reach the earth’s furface, are to be confidered as parallel to each
other, and all of them perpendicular to the plane of the termi-
nator. Now imagine the whole enlightened hemifphere to be
divided into innumerable little zones AB &b, bk mlymlno,
&:c. by fmall circles parallel to the terminator. Let the breadths
of thefe little zones, meafured upon a great circle pafling
through the poles of the terminator, that is, let the infinitefimal
arcs B %, #m, no, &c. be fo proportioned to each other, that per-
pendiculars £d, me, of, &c. being drawn from the extremities of
thefe arcs, to the right line AB, which is the common inter~
feftion of the great circle ACB, and the plane of the termi-
nator, the infinitefimal fegments of that line Bd, de, ef, &c.
may be equal. Now imagine the particles of light which fall
upon any one of thefe little zones, for inftance, n0¢p, to meet
with no refiftance from the earth’s furface, but to penetrate the
globe, and to pafs on without refraction or infle@ion, in the di-
rection perpendicular to the terminator, till they arrive at the
plane of the terminator, and there fuppofe them to flop, and
cach to lye flill, in the place on which it falls. It is evident that
the particles of light that fall upon, and have been fuppofed to
pafs through, the fpherical zone p g 0#, will, with their proper
interftices, cover that annular fpace upon the plane of the ter-
minator, which is the orthographical projeétion of the zone
2 g9 n, upon that plane, and is comprifed between the circum-
ferences of circles, of which the right lines T g and T £ are the
radii. Hence the number of the particles of light, which fall upon
the evanefcent Zone pg on, are as that evanefcent annular fpace

for
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for its tendency is to pufh the earth dire@tly from the
fun. I need not fay, that it is infinitely too fmall, in
comparifon of the fun’s attraction, to produce any
fenfible effect. '

which they cover, that is, as g f X the circumference of the circle
of which T f'is the radius, that is, as g £ X in the right line T £,
But that part of the force of each particle, impinging on the
zone p g 01, which is perpendicular to the furface of the zone, is
as of, if TB (the femidiameter of the earth) be put for the whole
force. For join To, and draw fK perpendicular to To. The
particle impinging at o moves in the direCtion of. Let the right
line o f'then exprefs its whole force, and this force of is com-
pofed of the two ¢K, K £, of which ¢K is perpendicular to
the furface of the fphere at o, and K £ is parallel to it, But
oK:of=of:¢T or TB. Again, through K, draw K¢ per-
pendicular to 0 /. The torce oK is refolved into two o2, t £, of
which ¢ is perpendicular to the plane of the terminator, and
is the only part of the force ¢K, which tends to produce
a progreflive motion of the globe, in the direGion of the
impinging particles, that is, directly from the fun. The other
part ¢ K urges the center of the globe along the plane of the ter-
minator ; but the forces # K being equal and contrary on oppofite
fides of, and at equal diftances from, the perpendicular ray, de-
ftroy each others effets, Now it has been fhewn, that the whole
force of the particle impinging at o is to that part of its force
which is perpendicular to the earth’s furface at o, as TB to of;
And it is manifeft that 0K is to o2, that is, the perpendicular
force, of the particle impinging at o, is to that part of it, which is
effeCtive in moving the earth’s center, as TB to of. Therefore
the whole force of the patticle impinging at ¢ is to its
effedtive part, as TB* to of* That is, the effective part is
as of* The number of particles impinging on the zone, has
been fhewn to be as g /X T £. The progreflive force of motion
excited in the earth’s center, by all the particles impinging on the-
infiniteflimal zone pgon, muft be, as the number of the particles
and the effe@tive part of each, jointly ; thatis,as g/ x T fx of %,
or writing a for TB, and » for Bf, as % x a—x X 2ax—x"., And
this is the fluxion of the progreflive force of motion excited in the
globe, by the particles impinging upon that fegment ofr liixe

€
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The rotatory forces mentioned in the laft note
if they were infinitely greater than they really are,
would not, in the leaft degree, difturb the diurnal
rotation ; becaufe every one of them is deftroyed, by
an equal one, in a contrary direGion, on the other
fide of, and at an equal diftance from, the perpendi-
cular ray. _

I have enquired, what may be the utmoft
ftroke, which the retina of a common eye fuf-
tains, when the eye, in a bright day, is turned up
directly to the fun. This force will evidently be at
its maximum, if the emiffion be reckoned at its
maximum. The number of particles which enter
an eye, looking up direftly at the fun, are to the
number out of each emiffion, which are direGed to-
wards the earth, in the duplicate proportion of the
diameter of the pupil to the diameter of the earth.
And the force with which the eye is ftruck, is to the
fum of the forces of all the particles which firike
the earth, in the fame proportion.  If, therefore, the
diameter of the pupil, when the eye is expofed to
the dire¢t impulfe of the fun’s rays, be reckoned.?,.th
of an inch, which I apprehend muft rather exceed

fphere, of which p ABg is the proje&ion. The number of
particles impinging on the zone pgon, being as gf xTf, or
as ¥ X a—u, if each impinged perpendicularly, and its whole
force were effeCtive, the fum of the effedtive forces imprefled
upon the whole, would be as gf x T fx TB? or & xg*—a®n
And this would be the fluxion of the progreffive force of motion
of the globe excited by the particles impinging upon the feg-
-ment ot which p ABy¢ is the projeion, if all impinged in
direQions perpendicular to the furface, and the whole of their
forces were effetive. The fluent of # X a—x X 2ax—a* is
i X 2ax—s"1>,  And the fluent of & X & —a* x is'a3x——§cz;lx".

than
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than fall fhort of its real magnitude, in thofe cir-
cumftances, it wiil be found that every ftroke which
it receives from them, exceeds not that, which
an iron fhot, ¥ of an inch diameter, would give, mov-
ing only at the rate of 16,16 inchesin a year. This
would be the firoke if the emiflion were at its max-
imum. Isit not owing to the extreme minutenefs
of the fibres of the nerves, that a itroke, which is
certainly lefs than the __* _th part of this, is not
{uftained by our organs, without pain ?

When x»=u, the firft of thefe two fluents is the fum of the
progreflive forces aétually imprefled upon the whole hemifphere
ACB, and the latter is the fum of the forces. which would be fo
imprefled, if all the impinging particles impinged perpendicu-
larly, and the whole force of each were effetive. But when x=«
the firft fluent becomes % a*. And the latter becomes £ 4%,
Whence it is manifeft that the progreflive motion communicated
to the globe of the earth, by the particles of light, is to the
force which they would communicate, if the whole force of
each were effeCtive, in the proportion before afligned, of one
to two.
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