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RO 7y ﬁ with [0 many difficulties, arifing
' o partly from the variety of caufes
5y which either concur, or may be
OSSO Yufpected to concur in producing
one and the fame effect, and partly from the
different circumflances that diverfify the ap-
pearance of fuch effect, that whoever applies
himfelf to the folution of any Phenomenon bi-
therto unaccounted for, however well be may
be qualify'd for fuch an attempt, will find it
neceflary to ufe the utmoft carée and circum-

eltion to avoid deceiving bimfe!f and others.
But fuch is the fondnefs of mankind for their
own opinions, upon bow Jflight grounds foever
they have entertained them, fo apt are we all
fo take a bare probability for a demonfirated
and certain truth, that the caution we have
been [peaking of, bow neceffary foever, is ge-
nerally too little attended to. |

A 2 | Hence
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Hence it is, that o many fignal mifiakes
are daily committed in philofopbical [peculati-
onsy, which yet are often drefSd up by their
Authors in [o [pecious and plaufible a manner,
that with fuch as want either the neceflary qua-
fg'ﬁcaff&m, or the leifure or inclination to ex-
amine them, they pafs for new difcoveries, fo
the no little pr.sj;zgdzce of Truth and uféful know-
ledge, by preventing farther enquiry into what
25 looked upon to be alveady known.

It is therefore of fervice to the Publick,
that fuch miflakes fbould from time to time be
detected and laid open. And if thofée who un-
dertake to do this, have only Truth in their
view ; if they are careful to examine well be-

Jore z‘ire’y cenfure, toreject nothing but what is

really amifs, tocommit no errors of their own
awbhile they are mfi".y‘ymg thofe qf other meny if
befides this they write with that candour,
which becomes men of Learning, without ani-
mofity or paffion, no way exaggerating the
Jaults they m;-'z.:z’e:ffm but rather mitigating
and excufing them, rather endeavouring to
prejerve the reputation of the writer they cen-
Sure, by doing bim full juftice for what is right
and worthy of praije in bis performances,
than to run it down and ruine it for a few
miffakes; they willy by fuch a bebaviour, de-
Serve the thanks not only of the Learned World
in general, but even of the wery perfon whofe
over/ights they are correcting.

When



PREFACE

- When 1 firft underflood from an advertife-
ment 11 the publick prints, that m y Effay was
o wzdergp a publick examination, it was no
Jmall [atisfaition to me, to find by a Motto
publifbed in the fame advertifement, that T
was fallen into the bands of a Gentleman,
‘who bad affumed the very charaéter I have now
been defcribing. Inafinuch as by that Motts
be gave us to underfland, that he thought it
the duty of a good man not to pafs by in filence
the miflakes of others, but rather to deliver all
mankind, if it were poffible, out of the dark-
nefs of ignorance, and to bring them to the
light of Truth; and that be was bimfelf of fo
bappy and equal a frame of mind, as to be
ready to receive any animadverfions upon bis
own errours, with the fame temper, that be
would have others keep, while be is reclifying
their overfights.

But this f(atisfaction of mine was of no long
continuance. When the work came out, the
wery preface acquainted me, that this good
man wrofe with refentment ; and not only fo,
but that be held himfelf under no reftrainc

vom candour, or good manners, or jufiice, but
thought bimfelf at liberty to exaggerate the
faults he cenfured, endeavouring only to
avoid exceflive exaggerations, zf there be any
exaggeration which 1s not ‘E.R'Fiﬂﬂﬁf.

T he reafon given for this 13 the uncommon
liberty, which, be/ays, has of late been ta-

ken with himfelf 7z fome late diflertations,
wherein
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wherein he has been ufed with grofs ill man-
ners.  Much fuch a reafon this, as was given
by the young lady, who walking with a Friend
in the Mall, feizes the firft pretty lap-dog fhe
meets with, WNow, [ays fhe, 1 am even with
fomebody.  How [fo¢ fays ber Friend. Why
Jomebody bas flollen my dog, and now I hawe
got fomebody’s dog in the room of bim.

But this writer may [ay, it is not fomebody
only be thinks fit to vent bis wrath upon; it 4
not only thofe Matbematicians in general who
deal 1n Algebraical computations; nor only
Mr. Euler, and his inftruétor Mr, John Ber-
noulli, zhat be treats with great plainnefs,
withoutany apologies, or excufes, oraffe@-
ed compliments, unlefs the appellation of inele-
gant compurift, which this young Gentleman
25 pleafed to beftow upon one of the oldeft and
moft famous Mathematicians in Europe, be
~ looked wpon as an affetted compliment: but
1t 1s Dr. Smith and myfelf, that be bas pecu-
liarly fingled out as the objects of bis juff refent-
ment.

I, it feems, am the RepUuTED Author of
the late differtations under the name of Phi-
lalethes Cantabrigienfis, and the other Gen-
tleman is not only susPECTED of being
my aflociate, but merited, No pousT, by
fingular fervices, that high ftrain of com-
pliment, with which Mr. Faber is in one of
thofe papers addrefs’'d, and Faber 7s Latin
for a Smith, '

He
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He might bave added, that Dr. Smith and
1 both pretend to the love of Truth, were boih
bred at Cambridge, were both fellows of the
Jame College, have been intimate Friends for
many years, and are both of opinion that this
Gentleman and bis affoctates underfland juft as
much of geod manners, as they doof Sir lfaac
Newton’s firfi Lemma. '
But will all this amount to a fufficient proof?
Is it not poffible that Mr. Robins, notwith-
fanding thefe fifpicions, may bave dijcharged
bis choler upon the wrong perfons? He is indeed
Jo good, as to fay, he 1s thus free, that he
may do us the juftice to give us an opportu-
nity of acquittung ourfelves, if we are falfe-
ly accufed. But this, I think, 15 like the
guftice of hanging a man firft, and trying bim
afterwards.
If we fhould now endeavour to acquit our-
Selves of this accufation, to remove this Gen-
teman's doubts and fufpicions; if Dr.Smith
‘awere to tell Mr.Robins, what be bas often
profeffed to other perfons, that be had no band
in thofe papers; if to confirm this be were to
remind bim, that Philalethes bimfelf bas de-
clared more than once, be wrote alone and
unaffifted; #f I ——But what figni-
fies pleading, when executionisover? Mr. Ro-
bins bas already wented bis Refentment fo the
utmoft: with whatever grofs ill manners fe
bas been treated, it cannot be dented that be
bas executed the Lex Talionis in 1ts full ex-
tent,
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tent.  Ifhe were now to believe one or both of
us to be innocent, all the amends we could ex-
peci, would be the civility of the Roman Bra-
vo, after flabbing the wrong man thro the
back, I beg your pardon, Sir, I took you for
another perfon.
Things flanding thus, I fhall give myfelf no
farther concern about this Gentleman’s candor,
or good manners, but fhall content myfelf with
examining how far be bas obferved the only re-
ftraint be profeffes to hold himfelf under,
what a juft deference for Truth requires.
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Mr. Robins’'s Remarks.

H IS Gentleman begins' with ac-
quainting the Reader, that my Ef
fay * confifts of four geweral Heads.
He might as well have faid it con-
fifted of fix, or eight, or nine, or
of four general heads different from
thofe he fpecifics. But having little to object
again{t what he calls the two firft general heads,
which contain much the greater and moft confi-
derable part of the Effay, and having, as he
imagines, effeCtually refuted fome pailages of
the third, and half a dozen lines at the end of
the fourth, he was willing to make thele victo-
ries appear as important as he could. If this be
his reafon, he is at liberty to qualify them by the
name of general heads, though T myfelf ne-

ver thought of fuch a divifion, the defign of
¥ | B the

]

a Remarks, p. 92.
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the third being only to folvea problem of Monf.
De la Hire, and that of the fourth to account for
a particular appearance, which cafually prefent-
ed itfelf to me, whilel was making experiments |
in order to that folution. But indeed this fourth
general head is not meddled with by Mr. Robins
all he takes notice of being a fhort reflexion fub-
joined to the end of it, which whether juft or
net, is of no confequence to the reft.

In the letter prefixed to my Eflay I had ac-
knowledged, that my fir/t entrance upon the fol-
lowing [peculation was principally owing to the bints
and obfervations contained in Dr. Smith’s book:
and upon this Mr. Robins is pleafed to fay, ®
appears, that Ilearnt the principles of Opticks from
my friend’s book. But the {peculation contained
in that Eflay goes fomething farther than the bare
principles of Opticks, and the entrance upon it
neceflarily fuppoles the principles of Opticks to
be already known.

He feems to be confirmed in this opinion,
from my having © expatiated upon the fimple café of'
a uniform white objesi upon a black ground feen in-
diftinélly more in detail, than be can fuppofe a wri-
ter would bave done, 1o whom the [ubjelt was not
zewo. But another reafon may be given for this
detail. It has enabled me to give the folution
of a great number of remarkable obfervations,
part of which, I think, are new, and the other
part have been thought worthy the notice of
{ome of the belt writers, but not accounted for
by an

MlyRaEsz adds, ¢ After all be bas treated r:_rf:t
but imperfecily, proceeding on a fuppofition, zb:::; Iﬁi'

igh

b Remarks, p. gz. ¢ Jbidem, 4 Ibidem.
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light is uniformly fpread thro® bis circles of difipati-
on 5 whereas be confeffes at art. 220. that the den-
Jity of the light is different in different parts of thefe
circles.

Now, as I apprehend, in writing upon an
intricate fubject, the way to be underftood is to
put the fimpler cafes firft, and afterwards to pro-
ceed to the more compound. Accordingly, I
treated of the light as uniformly fpread, fo long
as the appearances I was explaining, did not re-
quire its inequality to be confidered. And be-
fore I entred upon thofe cafes, where it was ne-
ceffary to confider that inequality, [ did in art.
197. exprefs myfelf in the following manner.

- ¢ This circle (of diflipation) we have hither-
¢ to treated of, as‘if it were uniformly lumi-
nous, or as if the rays of the pencil were
equally and uniformly {pread over the whole
circle.  But in reality the fact is otherwife:
““ the rays are not evenly difpofed all over this
¢ circle, butare denfer in fome parts of it than
“ in others. And though in many cafes, and
‘¢ indeed in moft of the ph&nomena above re-
*¢ Jated, this inequality of the denfity of the
‘¢ rays 1s not very confliderable, nor occafions
¢ any great change in the appearance, yet there
‘¢ are fome few of them that will be remarkably
¢ affected by it; and there are fome other very
¢ uncommon and furprifing appearances, that
‘¢ are not to be accounted for from the common
¢ laws of Opticks, and depend wholly upon
¢ this inequality of the rays in different parts
¢ of the circle of diffipation.”

This paffage in art. 197. which fo plainly and
fully exprefies the reafon of my proceeding, as
well as the two hints I had before given in art 66

B 2 ~and

(31
cc

(41
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and 78, this ingenuous writer filently pafles over,
and fays J coNFESs at art. 220. that the den-
Jity of the light is differcit in different parts of thefe
circles.  "T'his word confefs 1 have oblerved to be
very familiar with this Gentleman and his affo-
ciates, though they feem not to comprehend the
meaning of it. They make no difference be-
tween a declaration made by way of caution to.
the Reader, before any controverfy arifes, and
a confeflion extorted by the force of an adverfa-
ry’s reafons.
Inart. 50, 51, 52. where I {peak of the mea-
fure of the Moon’s diameter, as taken by the
ancient Aftronomers, and by the moderns like-
wife who obferved by plain fights, as the noble
Hevelins, 1 treat of no other advantage they:
had above other men, but their praétice in ob-
fervation and the flatnefs of their eyes by age.
But in the laft of thofe articles I gave norice,
that I fthould anon confider the cafe of Hevelius
in particular, and when I came to do fo in arr.
181, &c. I took into confideration the advan-
tage arifing from fights. However, I am ready
to own, that it was an omiflion not to confider
the fights made ufe of by the ancients, ac the
fame time that I was {peaking of the advantage
they might have from practice and the flatnefs of
their eyes by age.
1 have fhown in art. 9o, g1, 92. that when a
white circle bounded by a black circular line as
its circumference, is feen by indiftiné Vifion,
the circumference appears broad and faint, and
its penumbra {preading inwards, the white circle
within it is thereby rendred too narrow. And
when the diameter of the circle is fimall enough
to fuffer the penumbra from oppolite parts ;F
the
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the circumference to meet in the middle, I have
fhown that the white circle vanifhes, and a dark
fpot appears in the center.

- An this Mr. Robins fays, ¢ 1 bave much miftook,
and to thew that I have done fo, hedrawsa fi-
gure, in which he tells us, the fpaces GCHE
and 1FKD will be deprived of lights but all
without thefe [paces will be fo much illuminated, that
the axis of the eye can no where be deprived of Ilight
Sufficiently to produce fo diftinguifbable a degree of
darkne/s.

Here I am much at a lofs, to know what this

- Gentleman means, by faying the fpaces GCHE
and 1 ¥ K D will be deprived of light, whether he

thinks they will be wholly deprived of it, or in

part only 3 as alfo what is meant by /o much illu-

minated, and [o diftinguifbable a degree of dark-

#nefs. 1 can theretore only acquaint him, that if

‘the cafe he 1s confidering, be the fame with what
I propofed, where the radius of diffipation is

equal to that of the white circle we look at, and

confequently the penumbraz from oppofite

parts of the circumference meet in the center,

then the fpaces GCHE and IFK D will not be

deprived of light 5 but on the contrary will be

very near as luminous as any part of the inter-

mediate {pace. Likewile, all without thefe fpa-

¢ces, or the intermediate fpace, which he fays

will be fo much illuminated, will not be fenfibly

more illuminated than thofe fpaces themfelves.

And the axis of the eye, which he tells us, can

5o where be deprived of light fufficiently to produce fo

diftinguifbable a degree of darknefs, will E?e {o far

deprived of light, as to produce a fpot mtglnﬁ:;gr
ack.

¢ Remarks, p. 93.
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black. All which will eafily appear to any one
who carefully attends to my g2d article.

But if the cafe Mr. Robins here confiders, be
one where the radius of diffipation is lefs than
the radiusof the white circle we look at; then,
in order to demonftrate my miftake, in fuppo-
fing that where the penumbre from oppofite
parts of the circumference coincide in the center,
a black fpot muft appear; this judicious writer
alledges a cafe, where thof¢ penumbrze do not .
coincide, and confequently no black fpot can ap-"

ear.

k He is pleafed to fay farther that fthe appear-
anceis not truly deferibed.  But if the fhade appears’
uniform, and I havedefcribed it as uniform, then
I apprehend the appearance is truly defcribed.
As to the multiplication of the image, (of which
and the appearance of the black {pot, and abun-
dance of other things, this Gentleman talks as
familiarly, as if he had been well acquainted
with them long before he had feen my Effay ) I
have very particularly and diftinétly confidered
it in article 199 &.

This & multiplication of the image Mr. Robins
apprebends to arife from fome corrugation, or inequa-
lity of furface, towhich that part in the eye, which
is changed for the different diftances of objeéls, is
[ubjeil in its extreme tenfion either way, whereby the
image of an objelt looked at out of the limits of dis
finét Vifion is multiplied.

Here 1 cannot but agree with this ingenious
perfon, that the multiplication of the image arifes
from {omething <whereby the image is multiplied :
But that it arifes from fome corrugation in fome
part of the eve in its extreme tenfion, is, asI appre-

hend,
f Remarks, p. 04. = Thid.
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hend, a mere hypothefis arifing from fome cor-
- rugation in fome part of this Gentleman’s brains,
during the extreme tenfion they have undergone
from Philalethes Cantabrigienfis for fome years
paft. To him therefore I leave it to make out in
what.part of the eye, and by what means this
corrugation is produced, and how the corruga-
tion produces the multiplication of the image,
and all the other appearances of the like kind
which I have given an account of. Only for the
fake of fuch readers, as may not have more pe-
netration than myfelf, it would not be amifs to
ufe a little more perfpicuity, than when he tells
us, ¢ i the circle by a more multifarious appears
“ ance a {pot in the center is in one fituation pro-
“¢ duced by the union of the different images iz
¢ fome one part.”’> But pofiibly I may fave him
all that trouble by acquainting him, that the
multiplication of theimage often happens, when
the eye is not iz exireme tenfion, nay when in all
probability the eye is not at all {trained, the
image at firft view appearing double or treble,
with lictle or no perception of indiftinCtnefs, and
the central {pot in the circle appearing at firft
fight, if the eye of the obferver be fufficiently
near.

If Hewvelius’s ™ method of obfervation is little in-
fluenced by the longer or fhorter fight of the objerver
it is fufficient for my purpofe that it is influenced
thereby, though buta little. Although he ufed
two {lits, he could look but through one at a
time ; and it is eafy to fee thatan error of fome
determinate magnitude in proportion to the
breadth of the {lits, might be committed ; but

that
h Remarks, p. 96.



[ 8]

that this errour would be leffened by the meang
I have laid down.

The famous Monf. De¢la Hire has publithed an
obfervation, that when a fpot is viewed thro?
two pin holés near together, the fpot appears
fingle at fome one determinate diftance fuited to
the eye of the obferver, and at any greater or
lefler diftance appears double. And from this
he draws a conclufion contrary to the opinion of
all other writers, that we fee d1ftm&}y only at
one determinate diftance.

Now in article ro5. I gave an account of fome
tryals I had made upon this occafion, by which
it appears, that I could fee the fpot ﬁncrlc {fome-
times at 40, fometime at 50, 60, go or more
inches diftance. This account therefore i1s directly
contrary to Monf.De¢ la Hire. And yet Mr. Robins,
bolding bimfelf under that refiraint, that a juft de-
ﬁ,’?'ﬂiff for truth requires, is pleafed to fay, I
have ‘informed him, that I bad deccived myfelf by
certain tryals to favour the fingular opinion of Monf.
De la Hire.

‘With the fame regard to truth he fays, * I zell
bim, that Dr. Porterficld by experiments better
contrived bas caufed me to change my mind. 1 have
told Mr. Robins nothing like this. My own ex-
periments were equally contrary to Monf. De /z
Hire with thofe of Dr. Porterfield: but I build
upon his experiments rather than my own, part-
ly "becaufe my eyes are not now fo good as his
for feeing near objets, and partly becaufe his
experiments were better contrived and more me-
thodically made thanmine. To me Dr. Porter-
field is an abfolute ftranger, but I thoughrt this

, acknow-

' Remarks, p. g6.  * Ibid. = ! Effay, art. 103.
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acknowldedgment due to Truth and common
juftice. '

T'he uvea, and that part of the uvea, by
whofe action I fuppofe ™ the eye to be kept tenfe, is
not invifible. Is this Gentleman acquainted with
no Anatomift, no Profeflor of Phyfick, that
can give him better information? But perhaps
he is all this while thinking of mufcles or muf-

“cular fibres within the cryftalline humour.

If in what follows 7 have the hardinefs to ad-
vance beyoud the inftruitions of my Mafier, as my
Mafter is neither troubled with envy nor ill na-
ture, which is more than can be faid of all
Mafters, I am fure he will eafily pardon me.
Had he laboured under any jealoufy of his difci-
ple, he would never have beflowed thofe profufe
praifes, which fo much offend Mr. Robins, upon
the Effay on diftin¢t and indiftinct Vifion. Bue
in regard to thofe praifes, I muft own, my
Mafter’s affection, like Mr. Robins’s RESENT-
MENT, was fomething too hard for his judgment.

Dr. Smith, it feems, ©bas chofe to be very con-
cife in regard to the fits of eafy reflexion and
tran{iiffion of light, upon which [ bave adven-
tured to expaiiate. His ®compleat Syflem of Opticks,
we are told, isupon this argument fo very deficient,
that thefe alternate fits of reflexion and tranfiniffion
of light are not fo inuch as mentioned by name, where
be bas undertaken to exhibit Sir l{faac Newton’s
difcoveries in Opticks. :

T here can hardly begiven a better inftance of the
candour and ingenuous behaviour of Mr. Roliis
and his affociates with regard to Dr. Smizh, than
this laft cited paffage, which falls fo naturally in
m}' way, C /j’l:‘fi{lf

m Remarks, p.96. " Ibidem. ° Ibid p.g7. P Ibidem.

1 Book 1. chap. 6, 7, 8.
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Accipe nunc Danaum infidias, & crimine ab uno
Difce ommnes.

This paflage is worded with great art, and is
highly worth the imitation of one fet of political
writers. Befides the obvious fenfe defigned for
the inadvertent Reader, there is another more
latent, to be produced upon a proper occafion,
This cannot be better fec forth, than by intro-
ducing a fhort dialogue.

¥. 7. How, Mr. Robins! Do you fay that
thefe fits are not fo much as mentioned in Dr. Smith’s
Book? Pray remember the r¢ftraint you are to
bold yourfelf under, a juft deference for Truth.

B. R. I remember it very well, Sir. Catch
me in a falthood, if youcan. My words are,
thefe fits ave not fo much as mentioned B Y N A M E.

7. 7. Oh, Sir, your moft humble fervant.
Then you allow them to be mentioned, though
not 3y NAME. But will you venture to affirm,
that they are no where mentioned by zame in that
Book? :

B. R. I have not faid this. My words are,
thefe fits are not o much as mentioned by name,
WHERE be bas undertaken to exbibit Sir Ifaac New-
ton’s difeoveries in Opticks.

7. 1 do not find, that there is any one place
in the book, where Dr. Smith has undertaken to
exhibit all Sir Jfaac Newton’s difcoveries in Op-
ticks: but fome of thofe difcoveries are exhibit-
ed in one place, and fome in another. Do you
mean therefore, that there is no place in the
book, in which any of Sir ffaac’s difcoveries in
Opticks are exhibited, where thefe fits are men-
tioned by name 2

1 | B.R.
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B. R. 1 fee what you drive at. You will tell
‘me, that in art. 507. where mention is made of"
an optical difcovery of Sir Ifaac Newton, thefe
fits are alfo mentioned by name.  But I was too’
well upon my guard, to be liable to fuch a refu-
tation, After the word opticks I have placed a
reference, whereby it appears that the word
wHERE relates only to chap. 6, 7, 8. of the firft
Book.

7. F. 1 fee by this, you fhew no lefs {kill in
chufing the place of your letters of reference,
than in the choice of your expreflions. But if
this were your meaning, how came it to pafs
that your letter of reference was not placed at
the word waere? As it now ftands, I doubt
few readers will underftand you.

B. R. I am not afbamed of my fRill in felciling
thofe expreffions which contribute mofi to my advan-
tage. I place my references, asl think proper,
and if my reader ufes carzful attention, he will
underftand me: if not, ’tis his own fault.

f. 7. Your readers are much obliged to you.
I muft needs fay, it behoves them to be very at-
tentive. But pray, how came you to fay, that
the Syftem of Opticks is SO VERY DEFICIENT
on this account?

* Since you have now explained yourfclf, let us
confider how your charge again{t Dr. Smuth will
fiand. 1 think 1t will be to this effect: His com-
pleat Syftem of Opticks is upon this argument fo very
deficient, that thefe fils are not [o much as mentioned
by mame in chap. 6,7, 8. of the firlt Book. If
this be too fhallow an argument to prove the de-
ficiency of the Doctor’s book, you muft ac-
knowledge you defign’d your reader fhould un-

C 2 derftand
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derftand you in another fenfe. Pray tell me,
bond fide, was not that your intention ?

B. R. I don’t underftand all this catechifing,
But I think he was deficient in not mentioning
them by name in thofe chapters.

7. 7. He did not undertake to exhibit all Sir
Ifaac Newton’s optical difcoveries in thofe chap-
ters: that could hardly be done without tran-
fcribing the whole book of Opticks. And as to
thefe fits, he hasin one of thofe chapters men-
tioned the effect of them, and for the fits them-
felves, which are the caufe of that effeét, he
has referr’d his readers to Sir ffaac Newton’s
Opticks, a book in every body’s hands, where
they are largely treated of, and that was fuffici-
ent for his defign. As he intended to deduce no-
thing from thefe fits, he might in this refpect
be as concife as he pleafed.

But if Dr. Smith has been very concife upon this
{ubject, Mr. Robins has been more copious : if [¥
bave bad the bardinefs to advance beyond the in-
fructions of my Mafter, it is to be hoped this
Gentleman has not committed the fame fault,
but has writ upon the beft inftructions his Mafter
was able to give him, Let us therefore attend ta
the account he gives of thefe fits.

Now here, had I not before given myfelf the
pleafure of perufing fo many of thefe Gentle-
men’s writings, I thould have been greatly ftruck
with the per{picuity of the defcription, the ac-
curacy of the diction, and the fublimity of the
ftyle. For inftance, let it be confidered, what is
wanling to compleat the fublime of this defcriptis
o1

e lug
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¢ The " rays of light in zbeir motion through
*“ the air, or any other tranfparent medium,
are not alike difpofed in every part of their
paflage in regard to refletion and refraétion ;
infomuch that in fome places, if zhey meet
with another tranfparent {ubftance, zbey thall
enter it freely, {uffering only a refration at
the furface upon its tranfmiffion threugh into
the tranfparent {ubftance, but in other places
¢ the fame ray fhall be difpofed to be refiected
“¢ back from any fuch fubftance in its way.”

A Reader lefs converfant in their works might
poflibly take this for nonfenfe, Such a one,
when he meets with ® this dark [ot, the* fame ray,
thefe ¥ alternate difpofitions, of which he has feen
no mention before, would be apt to turn back in
hopes to find fome previous account of the fpot,
the ray, and the alternate difpofitions. But that
is not Mr. Robins or his Mafter’s way of writing,

[ 44
ke
L 34
€6
£c
€c
(17

Feftinat, & in medias res
Non fecus ac notas audilorem rapit.

But let us pafs over thefe beauties of ftyle, and
come to fomething more material.

It is faid, * ¢¢ Sir Jfaac Newton divides thefe
¢¢ intervals (between the fit of eafy tranfmiffion
¢ and the next fit of eafy reflexion) into two
¢ equal parts, as here ¥ CD is divided at g, and
<« DE at 43 and confiders the whole fit of re-
s¢ flexion to be extended berween g and b, but
¢¢ ftrongeft at D, &e. '

- In another place we are told, *““ Sir Jfaac

¢¢ Newton in the fame ray makes the fit of re-

‘¢ flexion

¢ Ibid. p. 08. lin. 17. t P.9gg. lin. 3.

1 Iﬁ:}tgaﬁz;, ?, 98; Ibidl. p- gg, - ¥ See 1\;:1:. Ra&jﬂ?“gs ﬁgur?:,
p. 69 z Remarks, p. 111.
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¢« flexion equal in length to the fit of tranfmiffi-
““ on, the experiments in the firll part neceffarily
¢¢ requiring it.””

In a third place this Gentleman acquaints
us, ““that the proportion affigned by Sir Ifaac
< Newton between the extent of each fit of eafy
¢ reflexion and the interval of the fits was the
““ refult of mature deliberation, and neceffary
¢ towards producing the appearances.”

To all which I reply, that nota tittle of this
is true,  Sir ffaac Newton no where confiders the
awhole fit of reflexion to be extended between g and h 3
no where makes the fit of reflexion in the fame ray
equal in length to the fit of tramfiniffion; has no
where affigned the proportion pretended, or any
proportion whatever between the extent of each fit
of eafy reflexion and the interval of the fits. So far
was he from this, that he has never once confi-
dered, or fo much as mentioned by name, or
otherwife the extent of the fit of reflexion or of
the fit of tranfmiffion. All that he has confider-
ed, or had any occafion to confider, 1s the in-
terval between the fits, without regarding what
part of that interval was taken up by either of
the fits. |

This therefore being a matter of fa&t in dif-
pute between Mr. Robins and me, that Gentle-
man has nothing more to do, but to produce
the paflfage of Sir [faac Newiton’s Opticks,
wherein fuch proportion between the extent of
each of thefe fits is afligned, or where that ex-
tent is fo much as mentioned. And if he can
find no fuch paffage in Sir Jjaac New?ton himfelf,
I hall content myfelf witha pafiage from any of

~ his

a Remarks, p. 106,
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his interpreters, who bad an epportunity of knowo-
2ng bis true mind.

If he fhall fay, there is not indeed any exprefs
paflage in Sir lfaac Newton, nor yet in his inter-
preter, where fuch proportion is affigned, or
- where the extent of thefe fits is at all mentioned,
or appears to have been fo much as thought of ;
but yet this proportion of equality is receffary to-
wards producing the appearances related by  Sir
dfaac Newton; 1 fhall do myfelf the honour to
teach him and his Mafter, how all thofe appear-
ances, even thofe which in page 106 of thefe Re-
marks, are with {o much confidence alledged
againft me, may be folved without admitting
that proportion.

This undertaking, I apprehend, will be
thought by Mr. Robins a piece of mnch greater
prefumption, than what he had reprimanded me
for before, of taking upon me to improve upon Sir
Ifaac Newton, in relation to the extent of the fits
of eafy reflexion and eafy tranfmiffion.

But this laft named piece of prefumption will
need little Apology. Sir Jfaac Newton by car-
rying his enquiries into nature fo far as he has
done, has enabled thofe that come after him, to
proceed farther. He in one place tells us him{elf,
that not having tried all the experiments he in-
tended, his defign was to communicate what he
had tried, and to leave the reft to others for far-
ther enquiry. : :

Now my fubje@ leading me to examine into
the quantity of light refleted back from the
firft furface of a pellucid body, and this being a
new t‘ﬂQLIiI'}? Into which neither Sir 6@3;3&‘ f\rei"w.fﬂf?,
nor any other Author, that I knew of, had

| ever
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ever entered, I was obliged to make an *experi-
ment to determine it in the cafe of light falling
perpendicularly uponglafs ; and thereby I found,
that about 24 of the incident light was reflected
back at the firft furface of the glafs.

I then proceeded farther to enquire into the
quantity of light refletted back from the firtt
furface of other pellucid bodies ; as alfo into the
caufe why that quantity is different in different
pellucid fubftances: and herein I met with great
affiftance from two Principles eftablithed by Sir
dfaac Newton.

QOne is, °that thofe furfaces of tranfparent
{ubftances, which moft ftrongly refract the in-
cident light, do alfo moft ftrongly reflect it.

The other principle is, “that every ray of
light is fometimes in a difpofition to be ealily
tranfmitted, and at other times in a difpofition to
be eafily refleCted ;5 and that thefe two different
difpofitions return alternately at equal diftances,

This engaged me to confider attentively, what
confequences tending to my purpofe might be
drawn from thefe two Principles and thofe ob-
{fervations of Sir Jfaac Newton on which they are
founded. And as Mr. Robins, though he has
condefcended to borrow fome of thefe from me,
yet {feems not at all to underftand fome others of
them, I fhall here lay them down more explicit-
ly, as fo many diftinét Propofitions, the truth
of which will eafily appear to thofe who have
carefully perufed Sir [ffaac Newton’s oblerva-
tions.

Proro-

b Effay, art. 224, ¢ Opticks, Book 2. Part 3. Prop. 1.
d Ibid. Book z.
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ProrosiTion L

The change of difpofition in a ray of light,
to be at one time eafily refle¢ted, and at another
time to be eafily tranfiitted, cannot be inftan-
taneous, but like all other operations of nature,
muft be made paulatim and by degrees.

ProrosiTion Il

In every interval between two fits of eafy
tranfmiflion, there isone point at which the dif-
polfition of the ray to be reflected is the ftrongeft,
ahd this point is precifely in the middle of the
interval, as alfo in the middle of the fit of eafy
reflexion. And in every interval between two
fits of eafy reflexion there isa like point, which
is in the middle of the fit of eafy tran{miflion.

ProrosiTion IIL

‘Wiiile the ray is approaching this middle point
of the fit of eafy reflexion, its difpofition to be
refleted grows ftronger and ftronger by certain
degrees; and when the ray has pafled this point,
and is receding from it, that difpofition grows
weaker and weaker by the fame degrees. And
the like may be faid of the difpofition to be eafi-
ly tranfimitted.

For inftance, if the line AE AE reprefent
part of the progrefs of a ray of light, in which
the intervals AE, EA, AEareallequal; and
A be the point at which the ray 13’ moft ftrong-
ly difpofed to be tranfmitted, K the point at
which it is moft ftrongly gifpufcdltu be reflected,

i e,
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i.e. if A and E be the middle points of the two
fits of tranfmiffion and reflexion, the ray, in ap-

A

H 1
=% E:Lé:?“-;’ Qo

3. E:l_"f": Q,\%g

i 1 f i
T T ¥

proaching the point E, fhall at & be
more difpofed to reflexion than at ¢,
at o more than at &, at g more than at
9, and at « more than at 8.

Alfo, when the ray has paft the
point E, and is receding from it, it
fhall at 2 be more difpofed to reflexi-
on than at », and b more than at ¢, at
¢ more than at 4, and fo on.

ProrosiTrion IV.

While a ray becomes more and
more difpofed to reflexion, 1t becomes
lefs and lefs difpofed to tran{mifiion:
and while it becomes lefs and lefs dif-
pofed to reflexion, it becomes more
and more difpofed to tranfmiffion.

For inftance, a ray paffing from A
to E, is more difpofed to reflexion and
lefs to tranfmiffion at & than at ¢, aty
than at &', at 8 than at 9, at « than
at 8, and at E than at 2. And having
pafs’d the point E it is lefs difpofed to
reflexion and more to tranfmiffion at 4
than at E, at & than at @, at ¢ than at
b, and fo on, till it arrives at A,
where it is the moft of all difpofed to
tran{miffion and the leaft to reflexi-
on.

ProrosiTieonx V.

When a ray is moft ftrongly difpofed to re-
flexion, it may be refle€ted back from the fur

face
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face of a tranfparent body, though the refletive
power of that furface be very weak. But when
the ray is lefs difpofed to reflexion, it will not be
reflected back, unlefs the refletive power of
the furface be proportionably ftronger.

For inftance, if the ray, being in the point
¥, do there fall upon the furface of a tranfpa-
rent body, whofe refleftive power is very weak,
the ray may be refleéted back, becaufe it is
there the moft ftrongly difpofed to be reflected:
but might not have been refle€ted back, had it
fallen upon the fame furface at the point a or e,
‘where it 1s lefs difpofed to reflexion.

And if the ray, being in the point 2 or «,
were there to fall upon a furface, whofe refleive
power is fomewhat ftronger than that of the
former furface, it might be reflected back : but
would not have been fo, had it fallen upon the
fame furface at the point b or 8, where it is ftill
lefs difpofed to reflexion.

In like manner, were the ray to fall upon the
furfaces of other tranfparent bodies at ¢ or 5, at
dor &, ate or s, where it is ftill lefs and lefs dif-
pofed to reflexion ; then in order to its being re-
flected back, the reflexive power of thofe fuifa-
ces muft be proportionably ftronger.

ProrosiTion VI,

Hence it appears, that the part of the inter-
val A A, in which a ray is difpofed to be reflect-
ed from the furface of a tranfparent body, 7. e.
the extent of the fit of reflexion in one and the
fame ray, as aa, 0B, ¢y, d&, e is greater
in proportion as the reflexive power of that fur-
face is {tronger.

D2 Corol-
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Corollary. Therefore © be fpace, through *wbn:b
the fit of reﬂexmn continues, or the extent of the
fic of reflexion, does not depend altegether upon
the medium, through which the light paffes, but
partly upon that, whereon the light falls.

ProrosiTiron VII

When a ray of light falls obliquely upon a
given refrating furface, the reflective power of
that furface will be ftronger in regard to that
ray, as the obliquity is greater.

For inftance, a refratting furface, which
would be barely {irong enough to refleck a ray
falling perpendmularly upon it in the point 4 or
@, may by receiving it with a proper degree of
obliquity, be able to reflect it back, when in the
point & or 8  And if the Db]lqmty be ftill
greater, it may reflect the ray, when in the point
¢, or d, or ¢, where it is lefs difpofed to reflexion,

ProrosriTion VIIIL

From the two laft Propofitions it appears,
that the interval between the fits being given,
the extent of the fit of reflexion in one and the
fame ray i1s not always the fame, but depends
upon the ftrength of the reflexive power and the
obliquity of the furface the ray is to fall upon,
jointly, and ‘increafes as thefe two or either of
them increafe.

Proro-

¢ Remarks, p. 1035,
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ProrosiTion IX. -

When homogeneal light, emitted or reflect-
ed from any natural body, falls either perpen-
dicularly, or with any given angle of incidence,
upon the plane furface of a tranfparent fub-
ftance, the quantity of light refle¢ted from that
furface is to the whole incident light, as the
extent of the fit of reflexion in any one ray, is

_ to the whole interval between two fubfequent fits

wof eafy tranfmiffion in the fame ray. For as

" many rays will meet with the plane furface in any
one point of the interval, as in any other point.
Confequently, the number of rays, that fall
upon the {urface in all the points of the extent of
the fit of reflexion put together, will bear the

- fame proportion to the number ofrays, that fall
upon it in all the points of the interval put toge-
ther, 7. e. the number of rays refleCted will be to
the whole number of incident rays, as the extent
of the fit of reflexion to the whole interval.

ProrosiTion X.
“When white or compound light falls perpen-
dicularly upon the plane furface of a tranfparent
fubftance, which indifferently tranfmits or re-
flects all the fpecies of light, not one more than
another; the extent of the fit of reflexion in
every fpecies of rays bears one and the fame pro-
portion to the interval between two fits of tranf-
miffion or of reflexion. = ¥
For all the fpecies of light being indifferently
refleéted or tranfmitted, the reflected rays of one
fpecies bear the fame proportion to all the gr'c:-
' ent
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dent rays of that {pecies, as the refleCted and in-.
cident rays of any other {pecies bear to one ano-
ther. But by the laft propofition, the reflefted
rays are to the incident rays of any one {pecies,
as the extent of the fit of reflexion to the whole,
interval in that fpecies. Confequently, the pro-
portion between the extent of the fit of reflexion
and the whole interval is juft the fame in every
fpecies of rays.

ProrosiTion XL

‘When white or compound light falls perpen-
dicularly upon the plane {urface of a tranfparent.
fubftance,which indifferently reflets or tranfmits
every fpecies of rays, the quantity of light re-
flected is to the whole incident light, in the fame
proportion, as the extent of the fit of reflexion
in any one ray bears to the whole interval in the
{ame ray.

This is evident from the two preceding Pro-
pofitions.

Corollary 1. Hence £ it appears, that in common
balf the light incident wupon any furface is not in a
fit of tran/miffion, and the other balf in a fit of ve-
fexion. Otherwife, balf the light muft be réfleéi-
ed at all furfaces.

Corollary 2. ® Hence allo it appears, how grof-
ly erroneous it is to think, THAT WHETHER
more or lefs light be weflecied from a body, the extent
of the fits of reflexion in the incident ways is the
Jfame,

From

f Remarks, p. 104. ¢ Ibid. p. 107.
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From my experiment above-mentioned, con-
cerning the quantity of light reflected from the
firft furface of glafs, at a perpendicular inci-
dence upon it from air, compared with the r1th
Propofition, it appears, that in this cafe the ex-
tent of the fit of reflexion is about Liz of the
whole interval.

And from this determination I have by a pro-
bable argument collected, that when light falls
perpendicularly from air upon water, the extent
of the fit of reflexion is nearly $-; of the whole
interval.

But now this precipitate Cenfor, without ei-
ther_trying or queftioning my experiment, or
pointing out any fault in the reafoning, or {o
much as giving himfelf the leifure to compre-
hend it, much lefs to examine carefully, whe-
ther my conclufion be reconcileable with Sir
Ifaac Newton’s dottrine, has taken upon him to
pronounce that this " fippofition, as he is pleafed to
call it, is abfolutelyinconfiftent with the very experi-
ments from which Sir lfaac Newton deduces bis
whole dofirine. 1

In a fecond place he is pleafed to fay, it'is /o
abfolutely inconfiftent with the effential principics of
Sir Ifaac Newton’s doirine, that the thought could
never bave been entertained by one of the leaft degree
of skill inthe fubjel?. b

Not content with this, he tells us in his reca-

_pitulation, that my “ affertion abfilutely defiroys
the whole theory cftablifbed by Sir Ifaac Newton,
[etting it at variance with almoft every appearance,
it is inlended to fulve.

Now

oy i - k &
8 Remarks, p. 105, i Pageroy. Page 111.
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Now if this be fo, as I will not prefumeé to
compare either my exper:ment, or my reafonmg
upon it, with the experiments and reafoning of
Sir Ifaac Newton, 1am content that my affertion
be condemned as erroneous and falfe. But firft
let better judges than Mr. Robins, or Mr. Ro-
© bins’s Mafter, determine, whether that affertion
be not perfectly confiftent with all the experi-
ments delivered by Sir Jfzac Newton.

In order to this, it will be convenient to lay
open a capital miftake, into which thefe warm-
headed Cenfors are unhappily fallen, and upon
which Mr. Robins has built all his objections
againft my aflertion.

Sir Jfaac Newton in his fecond book of Op-
ticks, partthe fecond, after teaching us how to
conftruct his fixth ﬁgure, in order to fhew how
the rings of colours in the plate of air between
the objet-glafles, and in the bubble of water
are produced, fuppofes ' A2 to reprefent the
thicknefs of a tranfparent body, at which the
utmoft violet is moft copioufly refle¢ted in the
firlt ring or feries of colours.

From this fuppofition he infers, by the help
of his preceding obfervations, that HK will re-
prefent the thicknefs, at which the utmott red is
moft copioufly reflected in the fame feries; that
A 6 and H N will denote the thicknefs, at which
thofe extreme colours are moft copioufly refleét-
ed in the fecond feries ; A 10and HQ the thick-
nefles, at which they are moft copioufly reflect-
ed in the third feries, and fo on. After the fame
manner, and by the fame means, he defines the
thicknefles, at which the intermediate colours
will feverally be moft capmuﬂy reflected.

| After

! See Sir Jfaac Newtan's ﬁ*‘urﬁ'.
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After which, in order to define the latitude of
the colours in each ring or feries, he fuppofes
A 1 to defign the leaft thicknefs, and A 3 the
greateft thicknefs, at which the extreme violet
in the firft feries is refle@ted; and HI, HL
to defign the like limits for the extreme red,
Ir;

Upon this fecond f{uppofition of Sir Jaac
Newton, that the thickneffes A 1 and A 3 are
the limits of the reflexion of the extreme violet,
and confequently that the latitude of the reflexion
of that colour is bounded by the fpace 13, Mr.
Robins takes it for granted, that this {pace 13 is
the extent of the fit of reflexion in a fingle ray.
If this were true, it would eafily follow, that
the extent of the fit of reflexion is always halt
of the whole interval between two fits of eafy
tranfmiffion; and confequently my aflertion,
that this extent in glafs is but vs%, and in water
but %= of that interval, would be effettually
overthrown.

But who, in the name of blindnefs, can it be,
that tells Mr. Robins, the {pace 13 is the extent
of the fit of reflexion in a fingle ray? Can this
information proceed from any one, who bad the
opportunity of knowing Sir Ifaac Newton’s frue
mind? Or from any body, that has confidered
his book of Opticks with careful atlention? Is it

offible, that perfons, who talk fo much of
diftint and clear conception, thould not be able to
perceive the difference between the latitude of
the colour refle¢ted, and the latitude or extent
of the fit of reflexion in a fingle ray of that
colour?

What Sir Jfaac Newton here propofes to de-
fine, is not the extent of the fit of reflexion in

E a fingle
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a fingle ray,- or as Mr. Robins exprefles it, in the
Sfame ray: butitis the latitude of the colours. The
{pace 13 is the latitude of the extreme violet,
whofe reflexion 1s comprifed within the limits 1
and 3. The rays of that colour are fuppofed to
be moft mpfmﬂy refletied at the thicknefs A 2: and
at the thickneffes A 1 and A 3 the rays reflected
are fo few in number, as hardly to be fenfible.
And this will hapgen, whether thf: extent of the
fit of reflexion in a fingle ray bes%%, or %=, or
a much fmaller part of the interval between the
fits.

In order to apprchend this, we are to confi-
der, that the rays of the exweme violet, which
are tranfmitted thro’ the tran{parent {ubftance at
A, cannot all be in the middle, or be put into
the middle of the fit of eafy tranfmiffion at that
point A : but fome of them muft be paft the
middle of the fit, and others of them not arrived
at the middle of the fit.

Now fuch of thefe rays, as are in the very
middle of the fit of ealy tranfmiffion at the point
A, muft be in the middle of the fit of eafy re-
flexion at the thicknefs A 23 and fuch of them
as are in the middle of the fit of eafy tran(miffi-
on a little after they are paft the point A, will be
in the middle of their fit of reflexionata thick-
nefs a lictle greater than A 23 and thofe rays,
that are in the middle of the fit of tran{miffion
itill farther and farther beyond A, will be in the
middle of their fit of reflexion at a thickne{s pro-
portionably greater and greater than A 25 and
fuch of them, asare in the middle of the fit of
eafv tranfmiffion at the point 1, will be in the
middle of their fit of eafy reflexion precifely at
the thicknefs A 3. II'

n
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In like manner, fuch of the tranfinitted rays,
as are paft the middle of their fit of eafy tranf-
miffion at the point A, will be in the middle of
their fic of eafy reflexion at a lefs thicknefs than
A 2 5 and fuch of them as are more and more
paft it, will be in the middle of their fit of eafy
reflexion at a lefs and lefs thicknefs ; and thofe
rays, which, upon their tranfmiflion at A, are
advanced half way from the middle of the fit of
eafy tranfmiffion towards the middle of their
next fic of eafy reflexion, will be in the middle
of this laft named fit, precifely at the thicknefs
A 1 3 and thole, which are ftill farther advan-
ced, will be in the middle of their fit of eafy
reflexion at a thicknefs proportionably lefs than
S

But though the whole of thefe rays cannot be
put into the middle of the fit of eafy tranfmifii-
on upon their entrance into the plate of air, or
bubble of water, at A, yet the greater part of
them will there be put either into the middle of
that fit or very near it, and therefore, will be in
the middle of their fit of ealy reflexion or very
near it at the thicknefs A 25 and confequently
the moft copious and ftrongeft reflexion muft be
at that thicknefs, conformably to Sir Jjaac New-
ton’s firft fuppolition, grounded upon his pre-
ceding obfervations.

And as the rays tranfimicted at A, atany di-
ftance from the middle of their fit of eafy tranf-
miffion, will be lefs and lefs copious, as that di-
ftance is greater and greater 5 and will arrive at
the middle of their fitof eafy reflexionata di-
ftance greater and greater from the point 2 on
either fide; the firength of the reflexion muft
therefore decreafe from the thicknefs A 2 both

| 2 Ways,
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ways, and at fome certain thicknefs on each fide
muft be fo weak as hardly to be fenfible. All
which is agreeable to Sir Jfzac Newton’s fecond
fuppofition, founded upon his preceding obfer-
vations, whereby it appears, that at the thick-
nefs A1 and A 3 the reflexion is hardly fenfi-
ble. 4

Now as all this muft happen from the greater
copioufnefs of the rays, that are tranfmitted in
the middle of the fit of eafy tranfmiffion, than
at a diftance from it, without any regard to the
extent of the fit of reflexion, whether a greater
or fmaller part of ine interval, the limirts of ex-
treme violet, and confequently thofe of all the
other colours will be juft the fame as Sir Jfaac
Newton has determined, though the extent of
this fit be only &%, or+%s, or a much lefs part
of the interval.

T'herefore, when ™ the extent of this fit is thus
varied, only the quaniity of light reflelied from a
iranfparent furface will be varied by changing the con-
tiguous medium, but the colonrs will not be varied,
as Mr. Robins weakly furmifes.

Nor is ittrue, to fay, thatfrom the " yellow
this Gentleman mentions, flo the total blacknefs,
ecach colour ought to emerge almoft uncompounded.
Each colour, where theleaft fimple, willnot only be
mixed wilh the contignous colours of the [ame order,
but alfo with thofe of other orders.

°In particular the purple in what Mr. Robins
calls the fifth order, will not be a pure violet with-
vt aiy mixture, but inclined to red. '

* Nor can any dark interval be poflibly feen
between that and the red of the next order. :

_ - In
@ Remarks, p. 105, 1 Ibid, 106, ~ © Ibid. ¢ Ibid,
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-z what this Gentleman calls the feventh order,

a thicknefs of the bubble can be affigned, at which
more than three colours will be reflefled. Some
part of every colour will be refleéted in this or-
der, and confequently a "wbhitenefs will appear.

No * fenfible interval void of reflexion can appear
between this and the order preceding.

Sothat all the fadts alledged againft me by Mr.
Robins in page 106 are wholly and abfolutely
falfe, every colour appearing in the fame order
as Sir Jjaac Newton has reprefented, whether the
extent of the fit of reflexion in the fame ray be,
as this Gentleman pretends, half of the interval,
OF iz Or even 45w part of the fame inter-
val,

* This fbews, that the proportion pretended to be
ASSIGNED by Sir lfaac Newton befween the extent
of each fit of eafy reflexion and the interval of 1he
fits was {o far from being the refult of mainre de-
liberation in that Great Man, or any way zece/fa-
ry towards producing the appearances, that it is a
groundlefs furmile of Mr. Rebins’s inftruttor,
and the appearances are not at all concern’d in it.
I will not fay, the thought conld never bhave been
entertained by one of the leaft degree of fRill in the
fubjei 5 but furely it could not have been enter-
tained by any one, that had attained to a clear
and comprehenfive viEw oF SIR Isaac New-
ToN’s PHILOSOPHY.

But here, I am fenfible, fome of the more
curious and obferving Readers will be apt to
afk, why I thould have given myfelf fo much
trouble about thefe allegations of Mr. Robins,
which I have juflt been refuting. For were I
even to admit what this writer fo childifhly fup-

poies,
a Remarks, p. 106, r Ibid, ¢ Ibid. * Ihid.
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pofes, that the latitude of reflexion of a colour
compofed of innumerable rays, were the fame -
with the extent of the fit of reflexion in a fingle
ray, and were the extent of this fit in the fame
ray agreed to be no more than 5%, or to give
this Gentleman all the advantage he is {o defirous
of taking, no more than %= of the interval be-
tween the fits; yet ftill, they may fay, there
needs no more than to lay a ruler acrofs Sir fjzac
Newton’s figure, in the manner he direts, and
every one of the facts alledged againft me will
immediately appear to be falfe. "
I anfwer, all this is very true, provided thofe
allegations are, as I at firft thought, to be ud-
derflood according to the plain and obvious
meaning of the words. If by * the yellow, which
Sir Haac Newton ranges in the fifth order of colours,
we are to underftand the yellow of what Sir
Ifaac Newton calls the fifth order of colours,
(and what man breathing is there, out of the
Schola P na, or the Awirum Trophonii,
that can take it otherwife? ) then the ruler will
fhew every one of Mr. Robins’s facts to be plain-
ly and abfolutely falfe. '
But what fhall we fay? Is it poffible, that fo
Good a Man, one who conftantly belds himfelf un~
der that reflraint, which a juft deference for Truth
requires, Who thinks it bis duty to deliver all man-
kind, if it were pofible, out of the darkmefs of igno-
rance, and to bring them tothe light of truth; Isit
poffible, I fay, that fuch a perfon’can have ad-
vanced fo many glaring falfhoods, not lefs than
fix or feveninthe compafsof a finglepage. This
feemed to me fo utterly incredible, that I was
under a necefiity of taking thefe allegations #of
. | i
t Remarks, p. 106, S v gl ' |
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in the plain and ordinary meaning of the words, bit
.ig a new [fenfe which he thought fit to put wupon
Loem. .

I now apprehend, thatby the yellow, which Sir
Ifaac Newton ranges in 1be fifth order of colours,
i1s meant, the yellow, which Sir [faac Newton
ranges in the third order of colours, but which
Mr. Robins 1s pleafed to range in the fifth order.
In like manner by the purple in the fifth order, 1
fuppofe, ismeant the purple of the third order;
and by 7be next order to the fifth, is not meant
the fixth, nor the fourth of Sir Jlaac Newion,
but the fecond ; and by the feventh order is meant
the firft of Sir Jfzac Newton. For though Sir
Jfaac conftantly numbers the feries or orders of
colours from the black {pot outwards, this Gen-
tleman, without giving any notice of his inten-
tion, is pleafed to number them the contrary
way. A remarkable inftance, if not of his bar-
dinefs, atleaft of his care and circumf{pection not
to miflead his Reader. =

Before I difmifs this point of the extent of the
fit of eafy reflexion, .it will not be improper to
take notice of a curious obfervation of Sir Jfzac
Newton, the folution of which naturally follows
from the principle above laid down, that thofe
rays are the denfelt and moft copious, which are
tranfmitted in the middle of the fit of eafy tran{-
miflion, and the reft are gradually lefs denfe
and copious, by how much they are farth§r re-
moved from the middle of the fit, at their en-
trance into the tranfparent jubftance.’

<cu 4t firft, fays this accurate Obferver, {peak-
¢ ing of the black {pot, I thought there had
¢¢ been no light reflected from the water in that

% place,
u Ovticks, Book 2. Part 1. Obferv. 17.
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¢ place, but obferving it morécurioufly, I faw |
¢¢ within it feveral fmaller round {pots, which |
¢ appeared much blacker and darker than the |
‘¢ reft, whereby I knew that there was fome re-
‘¢ flexion at the other places, which were not fo
‘¢ dark as thofe fpots. And by farther trial I
‘¢ found that [ could fee the images of fome
“¢ things (as of a candle or the {un) very faintly
¢ refletted, not only from the great black fpot,
‘“ but alfo from the little darker {pots which
¢ were within it.”’

Now as thofe rays, which at their tranfmiffion
thro’ the furface at A, are half way advanced
from the middle of their fit of eafy tranfmiflion
towards the middle of their next ﬁt of eafy re-
flexion, and confequently are in the rniddle of
this laft fit at the thicknefs A 1, are fo few in
quantity as hardly to be fenfible; it follows,
that fuch rays, as at their tranfmiflion are ftill
farther advanced towards the middle of the fit of
ealy reflexion, and confequently are reflected at
a lefs thicknefs than A 1, as in the cafe of the
{maller and darker fpots within the great black
{pot, muft be ftill fo much fewer in quantity,
that the image even of a bright objeét, as a can-
dle or the fun, muft appear dim and faint by
their reflexion.

And hence appears the reafon of what Sir
Ifaac Newton *tells us, that we muft not conceive
the reflexion to be precifely limited at the thick-
nefies he has affigned, namely A 1 and A 3, but
to decay indefinitely.

Here likewife it wtll be a proper place to take
notice of another objection of Mr. Rabins, tho’
out of the order in which it was made,

At

x Opt. Bopk 11, Part. 2. p, zo1.



[ g 4

At the end of my Effay I had dropt a fufpi-

~cion of fome miftake in Sir Jfaac Newton, with
- regard to the extraordinary ftrength of the white
ring of light next the central dark fpot, {poken
of in his 23d obfervation. And this fufpicion
was exprefied in {fo modeft a manner, and with
fo much deference to that Great Man, that how
1ll foever it might appear to be grounded, I had
reafon to hope it would eafily be pardoned by
candid Judges.
- Now Mr. Robins, in order to make this fu{pi-
cion appear as abfurd as pofible, is pleafed to
interprec my words the extraordinary firength of
light, by the expreflions ¥ any fuperior degree of
brightnefs, * a light much fironger than that of the
preceding rings, * a remarkable flrength of light:
from all which I gather, that this Gentleman
did not fee the difficulty, which occafioned my
{ufpicion.

It is no way extrasrdinary for one ring to have
a remarkable ffrength of light 5 to have a fuperior
degree of brightngfs, or to have a light much fironger
than that of the preceding rings. -

But for a thin plate of air or water, as ufed
in thefe experiments, to reflect a light as ftrong,
or nearly as ftrong as that of white mertals, may
juftly be called extraordinary, and is, I think,
no way to be accounted for. * .

" For whoever examines into the quantity of
light reflected in this ring, by the help of Sir
Jlaac Newton's fixth figure as he directs, will
find that, at whatever thicknefs of the air or

3 one fpecies of light is moit ftrongly
e e F | reflected,

v Remarks, p. 109,  * Page nins 3 Page 112.
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refle€ted, every one of the other fpecies will
be more weakly reflected. Confequently, a
confiderable part of the incident light muit be
loft by tranfmiffion, though a white will arife -
from thc mixture of rays of every fpecies whlch
are reflected.

But when a plate of white metal is reduced to
the leaft thicknefs art can give it, no fenfible
light is * tranfmitted, nearly all the incident
light being reflected back.

“If therefore Sir lfaac Newton had meant, as]
did once apprehend, and as Mr. Rebins ftill feems
to think, that the white light of his firft ring
was equal, or nearly equal to that reflected from
white metals, there had been juft reafon to fulpeé
fome miftake. But upon a careful revifal of
what that Great Man has in different places faid
upon this fubject, 1 now find, that though he
ranges the whitenefs of metals under the fame
order with the whitenefs of the firft ring in his
bubble, yet he 1s far from fuppofing thofe two
whites to be of equal ftrength; fo that my diffi-
culty is at an end.

Had it not been fo, I could never have been
convinced by the reafon Mr. Robins gives me.
He is pleafed to fay, that®his particular appear
ance is a moft obvious confequence from the method,
Sir Ifaac Newton gives for inveftigating the feveral
colours exbibited by thin plates. - For it appears,
that at this thicknefs of the plate N o P ART of t#
light which enters it, arrives at ifs farther furface it

a fit of eafy tranfiniffion. .,
But

b Newton’s Opticks, p. 223,
= Remarks, p. 110,
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But this is fo far from being a moft obvious confe-
guence from Sir Ifaac Newton’s method, that it is
ytterly untrue.

SoME Parrt of thelight which enters the plate,
will arrive at its farther furface in a fit of eafy tranf~
miffion, even upon Mr. Robins’s own fuppofition,

“that the extent of the fit of reflexion in the fame
ray is equal to half the interval between the
fits. ‘

But that extent being really no more than %

of the interval, as we have fhown, a much more
confiderable part of the light will arrive at the
farther furface in the fit of eafy tranfmiffion.
. For all fuch rays of the extreme violet, as are
in the fit of reflexion any where between A and 1,
muft be in the fit of eafy tran{miffion between 2
and 3, admitting the fuppofition of Mr. Robins.

And all fuch rays of many other fpecies, vio-
let of all degrees, indigo, blue, green, ycllow,
and orange, and fome part of the red, asare in
the fit of reflexion within the diftance of a very
fmall part of the fpace A 1 after their entrance,
will alfo be in a fit of eafy tranfmiffion between
2 and 3, admicting the fuppofition of Mr. Ro-
bins.

But allowing the extent of the fit of reflexion
in the fame ray to be no more than %= of the in-
terval, a confiderable part of the rays of every
{pecies muft be in a fit of ealy tranfmiflionat a
thicknefs lefs than A 3.

We come now to the principal and moft im-
portant point of all thofe, which this Gentle-
man has objected to.

In order to account for the multiple appear-

“ance of narrow objects, when indiftinétly feen,
i I have
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I have confidered, what would be the picture of
a lucid point, when too near or too remote for
Diflinéi Vifions and have fhown that by means
_of the viciflitude of the fits of eafy tranfmiffion
and reflexion, fome portions of the rays iffuing
from that point will be tranfmitted, and other
portions will be reflected back, at their inci-
dence upon the cornea and upon each furface of
the cryftalline humour.

From which it is deduced, thatif the image
of the lucid point were received upon a plane be-
hind the cornea, or behind either furface of the
cryftalline humour, it would confift of a mid-
dle circle furrounded with rings dark and lumi-
nous alternately.

To this Mr. Rebins makes two nbje&mne

One of wmcll, if I underftand it rightly, it
being written in this Gentleman’s ufual Englifb,
is to this effect.

‘The breadth of the dark rings formed at the
cornea will be fo exceedingly fmall, that ®snone

I? m:'ﬁ’ ?I.-'”'l- can even on My own ?‘ﬁpuﬁﬂmfzmqf
’b‘j' dolirine be ever fenfible.

But had this writer attended more carefully to
my own reprefentation of 1his doltrine, he could
never have made this objection. By that repre-
fentation it appears, that what I fuppofe to be
perceived by the eye, is not the fingle rings
formed at the cornea, nor the fingle rings form-
ed at either {urface of the cr yftalline, but the'
combinations of thofe fingle rings, whereby lar-
ger rings are formed upon the retina, as manis
feftly appears from articles 216, 218 219, i
which laft article I exprefled myfe]f in the fol-
lowing words. ¢ When any parcel of thefe

““ rings
¢ Effay art. 209, &, ¢ Remarks, p. 108.
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rings alternately lightand dark, are fo very
narrow and clofe together, as that they can-
not fingly be perceived, they will aLw ap-
pear as o N E ring, which our fenfe will judge
of as light or dark, according as the lucid
¢ rings in that parcel for number and breadch
¢¢ either exceed or fall thort of the rings adja-
& “cent:

Notwithftanding this fo clear a_declaration,
our bilious Cenfor will needs have it, that f]
Juppofe thefe rings, formed at the cornea, tobe per-
ceptible, or as he afterwards words it, that I
Bluppofe the vifibility of thefe rings : and from this”
he is pleafed to infer, that [ am ignorant of the
moft obvious confequences of thofe abfurd conceptions,
I bad formed to my Jelf on this fubject.

But how, in the name of candour, came this
Gentleman to fay, that I fuppofe thefe rings form-
ed at the cornea 1o be perceptible? My words are,
¢¢ the picture of a luminous point, if it were re-
¢¢ ceived upon a plane placed before the cry-
ftalline, would confilt of a middle circle,
furrounded with rings dark and luminous al-
ternately.” Now, I apprehend, there is a
wide difference between confidering what parts
the pi¢ture would confiff of, and fuppofing that
thofe parts were large enough tobe vifible. And
there is no lefs difference between confidering
what the pifture would be, in cafe it were re-
ceived upon a plane fo placed; and the fuppo-
fing that in the human eye there 1s a plane actu-
ally fo placed before the cryftalline, and that
this plane, like another retina, is endued with
fenfe, fo as to be able to perceive the picture.

This

113
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This would indeed be a very alfurd conceplion, bug
it is no conception of mine.

T he fecond objetion feems to be of more con-
fequence, and as I am fenfible it may at firfk
ﬂght appear plaufible to many readers, I intend
to give i1t a diftin¢t and particular examination.
In order to which, it will be neceflary in the firft
place, to ftate the objection itfelf as clearly as |
can.

But here I find myfelf greatly at a lofs. I
would be glad to do this Gentleman all pofiible
juftice, and yet, after the moft careful attention,
I find it very difficult to know certainly what
the objetion is.

Mr. Robins, after fpending ® fix pages in lay-
ing down what he takes to be Sir Jjaac Newton’s
do@rine concerning the fits of eafy tranfmiffion
and eafy reflexion of the rays of light, comes to
this conclufion. * Hence appears “how abfolutely
this Gentleman has erred in 1his whole matter, &c.

Now my difficulty 15, to know, whence this
appears ; whether from all thofe {ix pages put
together, or from which of them, or from what
p&ltiLll]ﬂl‘ paragraphs in them, or which feems
the moft natural, from the laft paragraph only,
which immediately precedes the word Hence.
Never was man more gravelled either with oracle
from Delphos, or .xﬁ'ﬂfg:mz of Sphinx, with anci-
ent prophecy of Sibyll, or modern prediction of
Noftrodamus or Mother Shipion, nor even with
the works of that profound Philofopher, who
{tands renowned to all pofterity by the immor-
val appellation of Swzerds, though his writings
are buried in everlafting oblivion, 3

or

b Remarks, p. 97=103. i Ibid. p. 103,
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For not to bave been dipt in Lethe lake
Could fave the fon ‘;,;f P bris from to dic :
did

But Granta’s bar. bim tmmortal make
With verfes dropping dew of Caftalie:

Spencer has put me out, but certainly never
was any man more puzzled, than I have been in
turning over thofe {ix pages, to find the meaning
of this myfterious word Hence. :

What adds to the perplexity is, that part of
the doCtrine delivered in thofe fix pages is true,
and part 1s falfe, as has been already thown, and
might be fhown in more inftances than we have
thought it worth the while to take notice of,
and we cannot find that the whole, whether true
or falfe, has any thing to do with the cafe in
hand. For furely no argument can be drawn
from the confideration of white and compound
light, iffuing from innumerable lucid points,
entering the firft furface of a tranfparent body,
and refleéted from the fecond furface, againft
our explication of a cafe, in which the light is
fimple and uncompounded, iffues from one lu-
cid point only, and is refleCted back from the
firft furface, without coming to the fecond.

In particular, the paragraph immediately pre-
ceding the word Hence, 1s either falfe, or utterly
foreign to the purpofe. For, if the light fpo-
ken of in that paragraph be fuppofed to come
from a fingle lucid point, there is jult as much
truth, as elegance of fiyle and diclion, in faying,
the light refletied from every pant of either furface is
the fame in quantity of light : for as n}uch as the
light will be reflected in greater quantity, where
it falls more obliquely. And on the other hand_}

1
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if the light be fuppaﬂsd to come from innume-
rable points, as is the cafe i all the common ap-
pearances, this p’tmﬂraph has no relation to the
cafe I propofe, where the light comes from a
fingle lucid point.

Finding my{elf under this difficulty, I fee no
other way of coming at what this Gentleman
meant to have objected, than by turning to the
recapitulation at the end of his Remarks, where,
in order to fhew that I * was mot qualified to deferibe
even the very rudiments of Sir Ifaac Newton’s
doélrine, he has been fo good as to refrefh the
reader’s memory, with a brief recital of three
of the principal of my abfurd conceptions.

There he exprefles himfelf in manner follow-
Ing. |

! ¢¢ The firft principle laid down by Sir Jfaac
¢ Newtor in the fecond part of his fecond book
¢ of Opricks is the inequality of the length of
“¢ the fits of tranfmiffion and reflexion in rays of
¢¢ different colours.

““ But the defcription and application of this
¢ doctrine, as given us by our author, do ne-
¢ ceflarily fuppafc the lengths of thefe fits to
¢ be the fame in all rays however different in
¢ colour? |

Now if this be Mr. Robins’s objeCtion, 1 muft
anf{wer it by denying the latter part to be true. .
I fay therefore, that neither my defcription of
this dotrine, nor my application of it, nor my
defcription and application put together do sie-
ceffarily fuppofe the lengths of thefe fits to be the ﬁama
i all rays however different in colour.~ '

Ll

For

k Remarks, p. 110. 1 Page 111,
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For firft, in the defcription of the doétrite,
contained in art. 209, &Fc. there is no mention
‘made of white or compound rays, fuch as are
compofed of innumerable fimple rays different
m colour. I fpeak, fimply, of rays coming
from a lucid point: and though a lucid point
may be fuppofed either to emit compound rays,
or rays homogeneal and uncompounded, yet the
whole tenour of my defcription can be applied
only to fuch rays as are either purely homoge-
neal, or principally {o.

Therefore the defcription is no way affected by
Mr. Robins’s objection. If the lucid point emit
homogeneal light only, or nearly fuch, the
picture of that point will confift of a middle cir-
cle furrounded with rings alternately dark and
luminous, as I have defcribed it. And of this I
take our animadverter to be fully fenfible, in as
much as he has not trufted to the defcription
alone, but has joined the defcription and appli-
cation together in his objettion.

Now here I muft acknowledge, that although
the cafe I have particularly confidered and ex-
plained in what Mr, Robins calls my defcription
of this do&rine, relates to homogeneal light on-
ly, yet I have afterwards applied this doctrine
to pheenomena, in which the light 1s compound-
ed, as the light of the ftars, of the sky, &e.
whereas it would have been proper to have ap-
plied it in the firft place to fuch phznomena, in
which the light is homogeneal, or at leat prin-
cipally fo; after which, and not before, I thould
have proceeded to the pha&nomena produced by

compound light.- |
: T};‘; omiffion, occafioned by the hafte in

which that Effay was drawn up, for fear of re-
bnf & tarding

t-!..:"ll -
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tarding the publication of my Friend’s book, 1
fhall here fupply by laying down fome phano-
mena of homogeneal light, analogous to thofe of
compound light, which are recited in the Effay,

Take a fine thread of yellow filk, whofe co-
lour appears by the prifm to be homogeneous or
nearly fo, and [tretch it acrofs a black plane,
Then, if this plane be held too near the eye for
the {ilk to be feen diftinctly, you will have the
appearance of two, three or more yellow lines
divided by blackifh lines. And if the eye be
movéd tranfver(ly to the length of the filk, thefe
yellow and dark lines will continually fhift their
places, feeming to roll over one another, like
the lucid and black lines fpoken of in the £ffay,
article 257.

The fame appearances will happen, if a fine
thread of black filk be ftrained acrofs a yellow
ground.

Ifa yellow filk be extended uponared ground,
or a red filk upon a yellow ground, juft the
fame appearances will prefent themfelves, ex-
cept only, that the alternate lines will now be
yellow and red, inftead of being yellow and
black, asin the two firft experiments. .

If one and the fame plane be divided by paral-
Jel lines into feveral grounds, as red, black,
and white, and a yellow filk be ftretched acrofs
the parallel lines through all thofe grounds, the
plane may be held at fuch a diftance from the
eye, as to make the filk appear double uponall
thofe grounds; and then the two yellow lines
will appear ftreight through the whole length of
the plane: but the intervals between them will
appear red upon the red ground, black upon the
black ground, and white upon the white gro;nd&

n
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And if the plane be held at fuch a diftance from
the eye, as to make the filk appear treble, there
will be feen two red, black, or white lines be-
tween the yellow lines.

In thefe and many other experiments of a like
nature, where the light is homogeneous, or
nearly fo, the explication given in the Effay, by
means of the viciffitude of the fits of eafy tranf-
miffion and reflexion, will plainly account for
all the appearances: and this feems to be a ftrong
prefumption, that the other appearances perfect-
ly conformable to thefe, where the light of the
object is not homogeneous, but compound, muft
alfo arife from the viciflitude of thofe fits, tho’
the manner in which thofe other appearances are
to be explained, be different from the manner in
which the former are explained in the Z/ay,
where we have contented ourfelves with the fo-
lution of the fimpleft cafe, and have omitted that
of the more compound.

But now it will be neceffary for us particularly
to confider this more compound cafe, and to
‘examine, whether the application of this doflrine
to that cafe do neceffarily fuppofe the lengths of thefe
fits to be the fame in all rays bowever different in co-
lour. '

And here, out of regard to Truth, I fhall
fet the objection thefe Gentlemen make, in the
ftrongeft and fulleft light I can poflibly devife.

Every ray of white or compound light, how
{mall foever, confifts of innumerable f{imple

‘rays, all differing from one another, not

only in colour, in degree of refrangibility and
reflexibility, but alfo in the interval between
the fits of eafy tranfmiffion and eafy reflexion.
Of this no bedy can be ignorant, who haslooked

- G2 ' inta
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into Sir Jfaac Newton’s Opticks, except only the
author of the Effay upon diftinii and indiftini ¥3-
. |
# Hence it is eafy to collect, that if, at any
point of the paffage of a ray of white light, the
fimple rays that compofe it, be every one in the
middle of the fit of eafy reflexion, the like will
not again happen, till the ray fhall have pafs’d
through a diftance immenf{ly great.

For if we fuppofe the compound or white ray
to confift of only 38 fimple rayss and the inter-
val between two fubfequent fits of eafy reflexion
in the moft refrangible of thefe rays, be tothe
like interval in the leaft refrangible, as 63 to
100; and the intervals of the intermediate fim-
ple rays be as the numbers 64, 65, 66 993
then all thefe fimple rays cannot be together in
the middle of the fit of eafy reflexion a fecond
time, till they have pafs’d through fuch a num-
ber of intervals of the moft refrangible ray, as
would arife from the numbers 64, 65, 66 — 100,
continually multiplied into one another.

And if inftead of 38, we fuppofe the number
of {fimple rays, which compofe the ray of white
light, to be 380, 3800, 38000, or more, (for we
know not where to {top) we may by this means
arrive at fo vafta number of fits, and confe-
quently at fo immenfe a diftance, that in the
paffage of a white ray from the fun, or even
trom the fixed ftars to the earth, it fhall not
twice happen, that all the fimple rays which

compofe it, fhall be together in the middle of
the fic of eafy reflexion. vl

Hence, if we {uppofe each fimple ray to be
refle¢ted back from the ¢irnea of theeye, only

when it is in the very middle of the fit of eafy
reflexion,
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reflexion, there will be immenfe odds, that all
the imple rays compofing a given white ray fhall
not be refleted back 3 and confequently thete is
no reafon to think, that any ring wholly dark
can by this means be formed behind the cornea,
of behind either furface of the ¢ryftalline.

And if in order to favour the {uppofed exift-
ence of our dark rings, we admit every one of
the fimple rays compofing a white ray to be dif-
pofed to reflexion from any part whatfoever of
the cornea, throughout one half of the interval
‘between its fits; yet the number of thefe fimple
rays in every white ray being vaftly great, we
cannot prefume that more than one half of them,
or more than one half of every white ray, will be
reflected back from any part of the cornea. Con-
fequently, there can from this fuppofition be no
eround to fuppofe, thatany dark rings will be
formed behind it.

Much lefs can we expect, that any dark rings
fhould be formed behind the cornea, if each
fimple ray be difpofed to reflexion from that
membrane through only 7%= or 7= of its interval,
as we pretend.

But farcher, if weallow the fimple rays to be
refleéted back from the cormea in greater propor-
tion, as their incidence deviates more and more
from the perpendicular, ftill no dark rings can
be formed, but only the circle of diffipation
will be gradually lefs and lefs luminous from the
center to the circumference.

T hus far we have argued in favour of Mr, Re-
bins againft ourfelves, and hope we have done full
juftice to his objection. We now proceed to do
the like juftice to ourfelves and to truth, by con-
. fidering
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fidering whether the exiftence of thefe dark
rings cannot reafonably be maintained.

But firft of all we muft here defire the Reader
to take notice, that the luminons and dark rings
we contend for, are not abfolutely, but compa-
ratively fo called. The former are not fuppofed
to receive the whole of the light tending to-

‘wards them, nor the lacter to be wholly depri-
ved of it. We fuppofe only, that the rings we

call luminous, receive a proportion of light con-

fiderably greater than is received by thofe rings

‘which are called dark. This may be gathered

from feveral paflages of the Effay, where thefe

rings are {poken of as more or lefs luminous,

and more or lefs dark.

T his being premifed, we fhall fhew, that fuch
luminous and dark rings will, by means of the
viciffitude of the fits of eafy reflexion and tranf-
miffion, be formed upon the retina, when the
luminous point we look at out of the limits of
diftinét Vifion, emits white or compound light. -

In order whereunto, let A B reprefent the cor-
nea 5 ab the anterior {urface of the cryftalline;
¢ £ the hinder furface; #R 7 the retina; CR
the axis of the eye; C a luminous point in that
axis, too near the eye for diftinét Vifion; CDa
{mall ray of light emitted from C, which falling
upon the furface of the cornea at D, upon the
anterior furface of the cryftalline at d, and upon
its hinder furface at &, pafles on to ithe retina,
and there falls upon the fpot G; CE fuch an-
other ray, falling upon the cormea at E, upon
the two furfaces of the cryftalline at e and ¢
and laftly falling upon the fpot g in the 7efina.

Now at firft let us fuppofe thefe twq rays CD,
CE, to confift of fimple or hﬂmﬂgﬁncailighta

and
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and let CD, at one of its incidences at D, 4, op
&, be in fome part of its fit of reflexion; but let
the ray CE atall its incidences at E, ¢, and ¢ be
in fome part of its fit of tranfmiffion. Then
will the fpot at G be dark, becaufe the ray CD,
which fhould have fallen upon it, is refle¢ted
backs and the fpot at g will be luminous, the
ray CE being tranfmitted to it. And as all
other rays, which fall upon the eye at the fame
diftance from the axis with CD and CE refpe-
Ctively, muft be in the fame cafe with thefe two,
by this means two rings will be formed, the one
dark and the other luminous. 1In all this there is
no difficulty.

But when the rays CD, CE conlfift of white
or compound l;ght, it will be faid, the fpot G
cannot be darker than the fpot g.

For fince each of thefe rays confilts of innu-
merable fimple rays, all diftering from one ano-
ther in the intervals of their fits of reflexion and
tranfmiffion, only = mpart or thereabout of the
rays contained in the compound ray CD can be
refletted back from the three furfaces A B, ab,
e @ put together; and as great a part, or fome-
thing greater, on account of the greater obliqui-
ty of incidence, of the fimple rays in the com-
pound ray CE, will be reflected back at the
fame three furfaces put together. Therefore the
{fpot G muft be full as luminous as the fpotg,
and confequently the ring correfponding to G
muft be fullas luminous, as the ring corre{pond-
ing to the fpotg. Every ring therefore will be
as luminous, or fomething more fo than any
other ring more remote from the axis, and con-
fequently there can be no alternation of iummnu;

an

m Eflay art. 230,
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and dark rings, as I have fuppofed. This I take ta
be the fum of the argument brought againft me.

But thefe objecters forget, that the fimple rays
compounding a ray of white light haye different
degrees of refrangibility, as well as different in-
tervals between their fits of tranfmiffion and re-
flexion.

By means of thefe different degrees of refran-
gibility, each of the compound rays CD, CE,
will upon its entrance into the eye, fpread and
dilate itfelf after the manner of the coloured
fpectrum in Sir Jjaac Newton’s firlt experiments 3
and will by this dilatation intermix with the
neigbouring rays: on which account I muft de-
fire thefe ingenious animadverters to look a little
deeper and more attentively into the matter,
than they have yetdone.

Let us now fuppofe the raysCD, CE, to
confift of white light; and let G be the {pot, on
which the ray CD would have fallen, had it con-
filted only of homogeneal light of the extreme
red, and on which the ray CE would have fal-
len, had it confifted only of homogeneal light
of the extreme violet; and let g be the fpot, on
which the fame ray CE would have fallen, had
it confifted only of homogeneal light of the ex-
treme red ; and draw the bent line E G.

Then it is manifeft, that the fimple rays of ex-
treme red, belonging to the compound ray CD,
will fall upon the {fpot G: but the fimple rays of
“all other colours, belonging to the fame ray CD,
by fuffering a greater refraction, will almoft all
of them fall berween that fpot and the axis of the
eye.
Y_Alﬁ::, the fimple raysof the extreme violet,

belonging to the compound ray CE, will fall
- ' ~upon



[ 50 ]

upon the fame fpot G; and almoft all the other
fimple rays compofing it, by undergoing a lefs
refraction, will fall without the {pot G {pread-
ing as far as g.

The fpot G will therefore receive from the
compound ray CD all its fimple rays of the ex-
treme red, and from the compound ray CE
all its fimple rays of the extreme violet. And
after the fame manner you may eafily fee, that
the fame fpot will receive the fimple rays of all
the intermediate colours from the feveral com-
pound rays, that fall between D and E, that s, the
fimple violet rays of feveral degrees from the
feveral compound rays, that lie neareft to E,
and the fimple rays of the feveral degrees of in-
digo, blue, green, yellow and red, from the
feveral compound rays, that fall fucceffively
upon the cornea from E to D.

Now if all the fimple rays we have been
{peaking of, or the greater part of them for
number and ftrength, happen to be in their fit
of tranfmiffion, at their incidence upon the cor-
zea, and alfo upon both furfaces of the cryftal-
line, fo as to fail upon the fpot G, that fpot will
be luminous.

But if the greater part of thefe fimple rays
for number and ftrength happen to be in the fit
of reflexion, at the three above-named inciden-
ces put together ; then the fmaller part of them
muit fall upon the fpot G, and confequently that
{pot will be comparatively dark in refpect of
other {pots, which receive a greater proportion
of the incident rays tending to them.

And although not the greater part, but lefs
than half of thefe fimple rays be reflected back ;
but ftill the fpot G receive a lefs proportion ;];.f

the
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the light tending to it, than is received by an-
other {pot as g of the light tending to that, the
fpot G will be comparatively dark in refpect of
the fpot g.

But farther, the fimple rays of fome colours,
as the citrine yellow, are much ftronger and more
luminous than the reft. For this reafon, altho’
the very fame proportion of the whole of the
fimple rays tending to each of thefe {pots, thould
be refleCted back, but more of the citrine yel-
Jow rays tending to the fpot G be reflected, than
of the fame fort of rays tending to the {pot g,
ftill the former will be comparatively dark in
refpect of the latter.

Now that this muft fometimes happen, that
an inner {pot as G fhall be darker than another
as ¢ more remote from the axis, will eafily ap-
pear from what we have above demonftrated,
that by means of the dilatation of every com-
pound ray at its entering the eye, any {pot upon
the 7etina as G will receive fimple rays from a
great number of compound rays falling upon the
cornea between E and D.

Indeed, if the fimple rays were not endowed
with different degrees of refrangibility, and
therefore the compound ray CD could keep it-
{elf entire and unbroken all the way as it tended
to the fpot G, then every fimple ray compofing
it would have, y

1. The fame length of paflage from the lumi-
nous point C to the cornea at D 5 and from thence
to both furfaces of the cryftalline at dand 4';

2. The fame obliquity of incidence upon the
cornea, and upon both furfaces of the cryftalline 5

and by this means
H 2 3. The



[ 52 ]

3. The fame proportion between the extent of
the fit of reflexion and the interval of the fits,
except only fo far as that proportion would be a
little greater in the more reflexible rays.

4. The fame angle of emergence at the cornea
and at the anterior furface of the cryftalline;
and confequently, |

5. The fame proportions between the inter~
vals of their fits, as have been obferved by Sir
Tjaac Newton in the feveral fimple rays emerging
from any refracting furface under one and the
fame angle, namely thofe of 63, 64, 65—100
to one another.

And from all this it might eafily be {hown, by
means of a figure refembling the 6th above-na-
med of Sir {(E:sze: Newton, continued to a great
length, that % of the whole ray CD muft fall
upon the {pot Gr, and fomething lefs of the ray
C E mult fall upon another equal fpotasg more
remote from the axis, {othatno rings alternately
dark and luminous could beform’d upon the 7ezina.

But as only the extreme red of the compound
ray CD does really fall upon the fpot G, and the
re{’c of the light falling upon that fpot is derived
from the compound ray CE and the intermedi-
ate compound rays between that and CD, the
cafe is far otherwife, as we fhall fhew more par-
ticularly by a mmpanfon between the extreme
violet of ‘CE and the extreme red of CD, both
falling upon the fame {pot.

Thefe two forts of fimple rays differ frﬂm
mch other,

. In the length of their paffage from the lu-
minous point C to the cornea at E and D ; to the
cryftalline at ¢ and 43 and to the vitreous hu-
mour ateand &;

2. dn the nb}iquity of their incidence upon

the.
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the cornea, and upon both furfaces of the cry-
ftalline humour; and by this means they differ ;

3. In the proportion between the extent of the
fit of reflexion and the interval of the fits, that
proportion being greater in the violet than in
the red ;

4. In the angle of emergence at the cornea and
at the anterior furface of the cryftalline, that
angle being greater at both places in the violet
rays than in the red, as may be eafily feen; and
confequently by Prop. 15, 16. Lib. 11. of Sir
dfaac Newton’s Opticks,

5. The proportion between the intervals of
their fits, which at the fame angle of emergence
is that of 63 to 100, willnow be altered, and
the violet rays will approach towards the fame
interval with the red.

And what we have here obferved of the violet
rays, will alfo hold mutatis mutandis for all the
intermediate rays between the extreme violet and
. the extreme red.

From which it follows, that the proportion of
thefe fimple rays tending to any fpotas G, which
is refle€ted back at the three feveral incidences
ahove-mentioned, will not be conftant, asin the
cafe of the entire and unbroken ray CD tending
to the fame fpot; but will be fometimes more,
{fometimes lefs. Therefore fome fpots as G muft
be darker than other {pots more remote from the
axis as' g, and confequently rings alternately
dark and luminous will be formed upon the rztina.

After the fame manner it were eafy to thew,
that rings alternately dark and'luminuus might
be formed upon a plane placed either between the
cornea and the cryftalline humour, or between the
two furfaces of that humour. But fince thefe
rings could not be propagated to the refina, as
s RN in
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in the cafe of homogenous light, but the fimple
rays, which form them, would diverge to diftant
parts of the retina, it isnot worth while to trou-
ble the Reader with the detail of thefe rings.

Thus much I have thought proper to reply,
once for all, to the learned authors of thefe Re-
marks. 1 muft needs fay, the manner in which
they have been pleafed to treat me, and the ob-
{fervation I have made of their behaviour and re-
gard to T'ruth upon other occafions, gives me no
fort of inclination to have any thing to do with .
them. But yet, confidering how doubtful it is,
whether the fame of their Jucubrations may extend
{fo far as to Petersburg, or ever reach the ears of
Mr. Euler; and it being the unanimous opinion
of all Dr, Smith’s friends. that the animadverfi-
ons upon his book may be fafely left, without
any anfwer, to difpaflionate and intelligent rea-
ders, being {uch as the writers themfelves will be
athamed of whenever their ill grounded refent-
ment comes to cool; if Ilikewife were to make
no reply, thefe Gentlemen might be in danger
of having no notice at all taken of fo elaborate a
performance.

Now this, I am fenfible, would be fo cruel a
mortification, afterall the pains they have taken,
and in particular might be fuch a difcourage-
ment to the hopeful young writer, whofe name 1s
prefixed to their common labours, and who pof-
fibly, when he comes to ftudy fuo Marte, andto
fee with his own eyes, or to meet with abler in-
{tructors, may make fome figure in the Learned
World, that pure humanity induces me to oblige
them with this one Reply. But I muft defire to
be excufed from going any farther. If what I
now prefent them with, be fatisfactory, it is
well: If not, Ileave it to them to make what

anfwer
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anfwer they think fit. It will be eafy to write
as good a one to me, as any of thofe they have
given to Philalethes : efpecially, if they keep to
their ufual conduét, never to take notice of thofe
points, in which they find their opponent the
ftrongeft, (that would be taking a bear by the
tooth, or a bull by the horns) but rather to
faften here and there upon an unguarded expref-
fion, or any little {lip of inadvertency, as pru-
dent generals always attack a town in the weak-
eft part, and let the reit alone. And to make
this matter ftill more eafy to them, I do hereby,
under my hand, give thefe Gentlemen full liber-
ty, both of interpreting any paffage of mine as
they fee convenient, and alfo of changing my
words in their quotations, in asample a manner,
as they have ever ufed with Philalethes.
. But in the mean time, it will be highly necef-
fary, after fo much as they have talked of their
own Remarks, to keep one another in counte-
nance as well as they can. In order whereunto,
if I may prefume to give them my advice, the
very day after they have perufed this, they
fhould all meet at one of the moft frequented
Coffee-houfes, for my own entertainment I could
wifh it might be Batfon’s, and there, having got
a few difciples about them, thould publickly
compliment one another upon the compleat
victory they have obtained. This cannot but
have a good effect upon ﬁ}ch hearers, as are un-
acquainted with the fubjett 5 and for the reft,
they are but few. . :
But above all things, I muft recommend it to
them, either to get a new Trumpeter, or at
feaft to take fome care of their old one. The
poor man is {0 grievoufly afflicted with the over-
flowing of the gall, that he cannat fpeak thrzc
WOrds
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words about Philalethes or me, without working
himfelf into a paflion. Iﬂmuld'thmk, a dozen
or two of Mr. Ward’s pills might be of great ufe
to him. When by this means the rédundancy
of his choler is a little abated, his declamations
may be of fome fervice, at lea{t with the weaker
and more credulous part of his auditors : where-
as, in ‘his “prefent condition, all his outcries of
curfed nonfenfe, damn’d flupid; and that conftant
Epiphonema, be knows sothing at all of the mat-
tery can have no other effect, even upon the moft
ignorant, than to make every body conclude
that his friends have the worft of the argument..

I have fome where heard a ftory, I think, of
a Cobler at Paris, who took great delight in at-
tending the difputations in the publick fchools,
One day a ftudent took it in his head to ask this
ingenious mechanick, what he did there. Oh,
fays he, I love dearly to fee, whogets the better.
"~ 'What then, do you underftand Latin? fays the
other. No, Sir, not I, not a word. Wh}" :
then how can you tell; whﬂ gets thebettert. Oh, |
Sir, that’s the eaficft thihg in the worlds for, | d
if you obferve it, he that has the wurﬂ: on’t, al
ways flies into a paffion. -
I leave thefe ingenious perfons to make their
own reflexions upon this {tory of the Cobler, and |
for myfelf, if hereafter I find myfelf in any mi-
ftake, I intend to retract or amend it, when I
have leifure to publifh a new edition of the Eﬂizyd
upon diftinét and indiflinét Vifion. % |
F 5 T4 NG IS ST Y
ERRATA in that 'E‘ﬂ‘?

Art. 141. lin. 10. for 4,5462 read 4,3462
- Page 142. Col. z. lin. 8. for fall upon, read Sfall m.fﬁeﬂ!.

: ERRATA in this Reply.
Page: 8. lin. 15. r. fometimes.
Png 18, lin. 10. for and & read at .




