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bule of Air as B has been above a larger as 4, which
Globule has not rifen upward to €, and fo to D, bat
been thruft downwards to 4, whence it wasdiftant a-
bout two hair’s breadths; and immediately upon touch-
ing united therewith, I have likewife obferved, that a
little Air-bubble as G , loofening ifelf from the firaw,
wheo a larger Bubble, as F. was underneath it, has there
refted immovable in the Liquor, when at the fame time,
other mach fmaller Babbles have rifen to the top. thereof.
The reafon of the flanding {till of the Bubble G, T fuppofe
was from a double inotion itis impelled to,the one upwards
from its being fpecifically higher than the Liquor, the
other downwards, by which it was protruded, to joyn
with the other larger Bubble F. Tho'I have feen feveral
Effe@ts of Sympathy, if we may fo call it, yet I never,
faw any fo manifeft as this, of the defcending of a Bubble
contrary to its levity, to umite with another.

IV, An Inflance of the Excellence of the Modern
AL GEBR A, in the Refolution of the
Problem of finding the Foci of Optick Glaffes
univerfally. By E. Halley, S. R. §..

HE Excellence of the Modern Geometry is in no-
’-} thing more..evident, than in thofe full and ade-
quate Solutions it gives to Problems ; reprefenting all the
pofiible Cafes at one view, and in one gencral Theorem
many times comprehending whele Sciences ; which de-
duced at 1:ngth into Propofitions, and demonftrated after
the manner of the Axcients, might well become tize Sub-
je&s of large Treatifes: For whatfoever Theorem (olves
the moft complicated Problem of the kind, does with a

due Reduion reach all the fubordinate Cafes. Of this
1
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I now defignto give a notable Inftance in the-Do&rine
of Digptricks.

This Dioptrick Problem is that of finding the Focus of
aay fort of Lens, expoled sither to Converging, Diverg.
ing or pacallel Rays of Lighty proceedng from, or
tepding to agiven Pomvin the Axuof the Lens, be the
ratio of Refraltion what 1t will, according to the nature
of the Tranfparent Material whereof. the Lens is formed,
and alfo with allowance for the thickne(s of - the. Lens be-
tween the Perrices of the two Spherical Segments. This
Probletn being folved-in one Cafe,: mutatis mutandis will
exhibit Theoremsfor all the poffable Cafes, whether the
Lens be Double-Convex -or Double-Concave, 'Plano-Convex
or Plano-Concave, or Conuexo Concave, which forc are
ufually called Menifci. * But this is only to be underflcod
of thofe Beams which are neareft tothe Axis of the Lews,
{0 as to occafion no fenfible-difference by their Inclinati-
on thereto ; and the Focus here formed is by Dioptrick
Writers commonly called the principal Focus,. being that
of ufe in Telefcopes and Microfcopes.

Letthen (inFig. 18.) BES be a double Convex Lens,

C the Center of the Segment EB, and K the Center of
the Segment EB, BS the thicknefs of the Lens, D a point
in the Awis of the Lens 5 and. it is required to find the
point F, at which the Beams proceeding from the point
D, arz collefted thzrein, the ratis of Refra@ion being as m
to #. Let the diftance of the obje®t DB = DA=d (the
point A being fuppofed the fame with B, but taken at a
diftance therefrom, to prevent the coincidence of fo ma-
ny Lines) the Radins of the Segment towards the Ob-
je CB or CA=r, and the Radius of thie Segment from
the Oojelt K or Ke=y, and let.BA the thicknels .of the
Lens be =1¢, and thiea let the Sine of the Audgle of inci-
dence DAG beto the fine of the refratted Angle HAG or
CAgas m to #; And invery {mall Aogles the Angles
them-
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themfelves will be in the fame proportion; whence it
will follow that,

As d to r, fo the Angle at C to the Angle at D,
and d4-r willbe as the Angle of incidence GAD ; and
againasm tos, {0 AFr to J"j:”’ which will be
as the Angle -GAH = CAp. This being taken from
ACD whichis as 4, will leave m”;”'i'f'" 4

—— analogous
to the Angle Ag¢D, and thefides being inithis cafe pro-
portional to the Angles they fubtend, it will follow,
that as the Angle Ap D istothe Angie A Do, fo isthe
fidle AD or BD to Ap or Bp: thatis B¢ will be
=—-——”—-’—J~C— which fhews in what point the beams pro-

m—nd—nr | A
ceeding from ‘D would be colle€ted by means of the firft
Refrattion; but.if #r cannot be {ubftratted from m—nd,
it follows that the Beams after Refractioft do ftill pas on
diverging, and the poirit ¢ is-on the fame fide of the
Lens beyond D.  But if #r te equal to m—nd then
they proceed parallel tothe Axw, aad the point ¢ isin-
finitely diftant.

The point ¢ being found as before, and B p—BB
being given, which we will call &, it follows by a pro-
cefs like the former, that BF or the focal diftance fought,

is equal to ';_-_%Q-:—:-@:ﬁ And in the room of & fub-

ftituting Bp~BB = —t, putting p for —=—

m—nd—nr m—n

after due reduétion this following Equation will arife,
mpdrp—ndpsd-nprpt _

mdrdmdo—mpr o—m—ndtLnrit =f

Which Theorem, however it may feem operofe,

is
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s not {0, confidering the great number -of data

thar enter the Queftion, and that one half of the terms
arife from our takingin the thicknefs of the Less, which
in moft cafes can produce no great effeét, howeverit was
neceflary to-confider it, to make our Rule perfe&t. If
therefare the Lens confift of G/&fs, whofe Refration is
6drp—2dpttgqrpe _
YdrF 3 dp—6rp—ditare T
If of Water, whofe Refraction is as 4 to 3 the Theorcm
will ftand thus 2 9rp=3dptTorpr
qdrt+qdp—r12rp—degre-
Ifit could be made of Diamant, whofe Refra&tion is as 5 to
“drp—2dptdtrpt _
R sdp—i"rp—3 dty}u,-rt_f"
And this is the univerfal Rule for the foci of
double Convex Glaffes expofed to Diverging Rays.
Buc if the thicknefs of the Lews be rejected as not
fenfible, the Rule will be much fhorter, wiz,

PAre ¢ orinGlafs 2970 ‘
Srad f, or in Glafs % di—irs =f.
all the terms wherein # is found being omitted; as equal
‘tonothing.  In this cafe, if 4 be fo fmall, “as that 2 r p
exceed drid p, then will it be —f, or the focus will
be Negative, which thews that the Beams after both Re--
frattions ftill' proceed Diverging,

as 3 to 2 ’twill be

2, it would h65 7

To bring this to.the other Cafes, asof Converging’
Beams, or of Concave Glaffes, the Rule is ever com.
pofed of the fame terms, , only changing the figns of g«
and -— ;- forthe diftance of the point of Concourfe of
converging Beams, {from the point B, or the firft furface
of the Lens, I call a' negative diftance or—d ; and the
Radius ofa Concave Lens I call a negative Radius or —s
if it be the firft furface, and —p, if it be the fecond fur-
face. Let then converging Beams fall on"a double Con-

vex



( 964 )
vex of Glas, and the Theorem will ftand thus

—2dr . . e
Zar=d _f i =-}- f. whichfhews that in this cafe

the Focus is always affirmative.
If the Lens were a Menifcus of Glag, ‘expofed to di-
. . —2drp o
Ycrgmg Bf:ams, the Rule is — T doar P.,,f. which
is affirmative when 2 r p is lefs than r—d p, other-
wife negative : Butin the cafe of con:verging(l Beains fal-
: v e rrdrp
ling on the fame Menifcus, “twill be Fdr—doka i,‘p“f'
and it willbe gf whilft 4 p—d r is lefs than 2 rp, but
if it be greater than 2 rp, 1t will always be found ne-
gativeor —f. If the Lens be double Concave, the ﬂ{o-
cus of converging Beams is negative, where ‘it was affir-
mative in the cafe of diverging Beams on a double Con-

, —2drp « y s
VeX, viz. - A f, which is affirmative on-

Rpd rged p—2 rp
ly when 2 » p exceeds d rgud p: But diverging Beams
pafling a double Concave have always a negative focus,
Vi, —— _"3'—‘{-'-‘,_8_.._..:: —

“Wd riged p2rp

The Theorems for Converging Beams are principally
of ufe to determine the focus refulting from any fort of
Lens placed in a Telefcope, between thefocus of the Ok-
je&-glafs and the Glafs it €If ; the diltance between the
faid" focus of the Obje@-glals and the interpofed Lens
being made—=—d.

[ here fuppofe my Reader acquainted with the Rules
of Analytical Multiplication and Divifion, as that s
multiplied by ¢ makes the produt v, by — makes
, and — by — makes 1§, {0 dividing u by v makes
the Quote ¥4, -} by — makes —, and — by — makes
w, which willbe neceffary to be uaderftood in the pre-
ceding Examples.

[,

In
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Tnn cafe the Beams are parallel, as coming from an in.
finize diftance, (which is{uppofed in the café of Tele.
fcopes ) then will 4 te fuppofed infinite, and in ¢he
Theorem -~ ’; ;PP*ZP’P the Term p v p vanithes, a,
being finite, which is nio part oftheother infinite terms
and dividieg the remainder by the infinite part 4, the

Theotem will ftand thus 287 = f, ot in G'afs
rp ;

2rp
e U o
In cafe the Lens were Plano-Convex expofed to diverg-

ing Beams, inftead of pdpr , r being infinite,

P dripde—pre
1 1 ._E.___g.. —— 2 df Zoema {
it will be —— 7 f. or Fae 2= f; if the Lens

be Glaf.
If the Lens be Double-Gontvex, and r be equalto o,

as being formed of Segments of equal Spheres, then wiil

_pder . pdr  __ .
R de—pre be reduced to ad—pr f; and
in cafe 4 be infinite, then it will yet be farther ccp-

tralted to :pr, and p being = =~ : ” the focal di-
ftance in Glafs will be = », in Water 1 5, but in Dig-
mant ;.

Iam fenfible that thefe Examples are too much for
the compleat Analyit, thoughl fear too little for the
lefs Skilful, it being very hard, if poflible, afuch mat-
tets, fo to write as to give fatisfaltion to both; orto
pleafe the one, and inftruct the other. But this may
fuffice to fhew the extent of our Theotem, and how
eafy a Redultion adaptsany ose cafe to all the reft.

M mm Nor
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Nor is this only ufeful to difcover the focus from the

other propofed data, but from the focus given, we may
thereby determine the diftance of the Objed, or from
the foces and diflance given, wemay find of what Sphere
it 15 requifite to take another Segment, to make any
given Segment of another Sphere caft the beams from
the difiance 4 to the focus f. As Lkewife from the Lexs,
focas, and ciftance given, to find the ratio of Refrac-
on, orof m to », requifite to anfwer thole daza.  All
which it is obvicus, are fully determined from the Equa-
tion we have hithertonfed, viz. pder =drfqudef
—pref, ferto find d the Theorem is

pref =d, the diftance of the Obje&.
rfokoef — per drf !
. r
For ¢ the Rulelsfdr%ﬁ TR e
drfidef

But for p will be which latter

derdfer
determincs the ratio of Refraltion, m beington as 1 Ju p
to p.
I fhall not expatiate on thefe Particulars, but leave
them for the exercife of thofe that are defirous to be in-
formed in Optical Matters, which I am bold to fay are
compreliended in thefe three Rule, as fully as the moft
inquifitive can defire them, and in all poflible cafes ; re-
gard being had to the Signs W and —~, as in the former
cafes of finding the focus.  Tihall only fhew two confide-
rable ufes of them ; the oneto find the diftance where-
atan Object, being placed thall by a given Lens be repre-
fented in a Species as large as the Objet it felf, which
may be of fingular ufe, in drawing Faces, and other
things in their true” Magnitude, by tran{mitting the
Species by a Glafs into a dark Room, which will not
oniy give the true Figure and Shades, buteven the Co-
lours themfelves, almoft as vivid as the Life. In this
cafe
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cafe d is equal to f, and (ubflituring 4 for fin the
Equation, we fhall have pdr o =d dr Judde—d p e r,
and dividingall by d. pr o =dr --de—prp,-that is
;—'é—é—g = d ; but if the two Convexities be of the fame
Sphiere fo as r = ¢ then will the diftance be = p r, that
is, if the Lens be Glafs = 2 r, fo thatif an Object be
placed at the Diameter of the Sphere diftant, in this
cale the focus wiil bz as far within as the Object is with-
out, and the Species reprefented thereby will be as big
as the Life; butif it were a Plano-Convex, the famne di-
ftance will be =2 pr, or in Glafs to four times the
Radius of the Convexity ; but of this method I may
perhaps entertain the Curious in fome other Tranfai-
on, and thew how to magnifie or diminith an Obje&t ia
any proportion afligned, (which yet will be obvious
enough from what is here delivered ) as likewife how to
eret the Obje&t which in this mechod is reprefented in-
verted.

A fecond ufe is to find what Convexity or Concavity
is required, to make a vaftly diftant Obje&t be repre-
fented at a given focus, after the one furface of the Lens
is formed ; which is buta Corollary of our Theorem for
finding ¢, having p, d, rand f given ; for 4 being in-

y
pr—f
rf = whence if f be greater than 27, 2 be-
2reaf P : 8 Jan 27, g ot
. rfo. .
comes Negative, and = is the Radius of the Con-
cave fought.

“Thofe that are wholly to begin with this Dicptrical
“Science cannot do better than to resd wich Attention ¢
late Treatife of Diovrricks, putlithed by W Molinens,
Efg: R. 5. 5. who has at large {iewn tin Natore <of

Mmm 2 Optick

finite, that Rule becomes =g, thatisin Glafs
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Optick Glaffes, and the Conftruétion and Ufe of Micro-
fcopes and Telefcopes; and though fome nicely Critical
have endeavoured to fpy faults, and to traduce the Book,
ver having long fince examined it with care, [ affirm,
that if T can judge, it hath but two things that with any
Colour may be calld faults ; the one an over-careful ac-
knowledgment of every Trifle the Author had received
from other s and the other, that he labours to make ea-
fie this curious Subje@, fo little underftood by moft, in
a manner perhaps too familiar for the Learned Critick,
and which demonfltrates that it was writ cum animo dp-
cendi, both which require but very little Friendfhip or
good Nature in the Reader, to pafs for Vertues in an
Author, '

But to return to our firft Theorem, which account.
ing for the thicknaefs of the Lens, we will hereagain re-

fume, viz.

mpdrp—ndpttupret ¢

wmdrgmde —mpr e—m—ndtlnrt

And let it be required to find the focus wherea whole
Sphere will collect the Beams proceeding from an Opject
at thediftance 4; Here ¢ is equalto 2 r and r=g.
And after due Redu&tion the Theorem will ftand thus,

mpdr—2ndriganprr . .
AR anr—mpr = f, but if 4 be infi-

nite, it is contralted to 0 AR L e £,
» 25 2 m—2n

whereforea Sphere of Glafscolle@s: the Suns Beams at half
the Semi-diameter of the Sphere without it, and a Sphere
of Water at a whole Semi-diameter.But if the ratio of Re-
fration m ton beas 2 tox, the focus falls on the op-
pofite furface of the Sphere, but if it be of greater ine-
quality it falls wichin.

Ano-
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Another Example thall be when a Hemifphere is ex=
pofed to parallel Rays, that is 4 and ¢ being infinites
and #=r, and after due Reduction the Thcorem re-
fults ——2— p == f. & That is, in Gl it is at

mme—mn _

3 r, inWater at 2 », byt if the Hemifphere were Dia-
“mant, itwould colle&t the Beamsat % of the Radius be-
yond the Center. ‘

Laftly, As to the effeék of turning the two fides of a
Leus towards an Obje&; it isevident, that if the thick-
‘nefs of the Leas be very fmall, {oas that you negle it,
or account # ==o0, then in all cafes the focus of the fame
Lens, to whatfoever Beams, will be the fame, without
any difference upon the turning the Less : But if you
‘are fo Curious as to confider the thicknefs, (which is fel-
dom worth accounting for) inthe cafe of parallel Rays
falling on a Plano-Convex of Glafs, if the plain fide be
towards the Objek, # does occafion no difference, but
the focal diftance f= 2 r. But when the Conyex fide
is towards the Object, itiscontracted toz2 r— ; ¢, fothat
the focws is nearer by 5. Ifthe Lens be double Con-
vexthe difference is lefs ; if a Menifcus greater. If the
Convexity on both fides beequal, the focal length is a-
bout :¢ fhorter than when 2 =o. In a Menifcus the
Concave fide towards the ObjeC encreafes the focal
length, but the Convex towards the Objet diminithes
it. A General Rule for the difference arifing on turn-
ing the Lens, where the Focus is Affirmative, is this

2777268 | for double Coavexes of differing

Jrie — ¢ :
Spheres. “But for Menifci the fame difierence becomes

L revi et

: TR of which I need give no.other demon-
r ae— . .
%ration, but that by a due Reduttion it will fo follow
from what is premifed, as will the Theorems for allforts
.of Problems relating to the foci of Optick Glaffes.
' V. A4n.






