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To the IrLusTrRIOUS

The Royal Societjr':.

HE Defign of the enfuing Treatife being the Promotion

of a Part of Phyfico-Mathematical Knowledge in the

Englifh Nation ; I know not to whom I can more pro-

perly prefent it, than to that noble Body of Englifh-
Philofophers , whofe Foundation by the Royal Charter of King
Charles I is to this very purpofe. How far, and how /I{L‘(i'f‘!-—
ﬁ;.’f_y you hawe hitherto Pra/émred the end of -this excellent Iﬂﬂ'l-mff-
on, ’tis needlefs for me to declare: funce the literate World is alrea--
_ dy fa abundantly flored with your learned Labours, -and ufeful Di-
coveries; whereof I could beve recount a Lift of many Hundreds
publifbed by feveral Members of the Society. But I defign not @
Panegyrick, but an bumble Addrefs for your Faveuwr and Counte-
nace to- my prefent Endeavours : And this I bope fory with the
move Affurance, having already feen your favourable Acceptance -
of many Offerings of this kind, and your ready Incowragemens of
all fuch Philofophical: Inquiriesy as tend & the ufe of Life, or Ad-
vancement of Arts and Sciences.

And on this Occafion I cannot omit exprefing my Sence of that
excellent Method of Experimental Philofophy, which now , by your
Example and Incouragement, does fo univer[ally prevail, andis fo -
bighly .advanced all over Eusope, and other Parts of the World,

"Tis wonderful to confider; bow the Schools were formerly over-
yun with a [enflefs Kind of Jargon, which they call'd Philofophy ;

and
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and which men ftudied with the greateft Labour and Affiduity, “that
they might attain _:.’.ja- name of Y‘f‘rﬂl‘:' suzd_ Learned. FL'?;»:'; certainly
was the greateft’ Cheat was ever impofed on .the mind of Man :
But ‘why fay’l, impofed 2 Men' drew- it on themfelves, and run
their own h(;;;r‘s into the Noofe : and when they bad mrangled them-
a thonfand ridiculous Difputes about empty Queftions, they
vainyf thought they bad attained the Perfetim of Philofophers ;
witlft they bad no Ideas in their Minds anfwerable to thofe Noifes

ey made with their Tongies; but took more pains to deceive bath

Wl

themfelves and others, than is requifite for the Propagation of true

f{ndwfedgr. And indeed we may wel'!.imacg:'m, that, bad the former
;'r:r;{.e,f of the Waorld been at balf that Labour and Stady for the Ad-
vancement of real Knowledg, which they [pent in promoting ver-
bofe Str-:f s Mankind by this time might: bave, beew by many De-
arees more Wile, and confequently more happy even in this Life ;
for Wildom only makes men fo.

But i this laft Age the generous Undertakings of the Philofo-
phick Sacieties of Europe (to. whom your InStitution has [hewn the
way, aid been an illuflrions Example ) bave diffipated thefe dark
Mifts, and have abdicated this kind of empty Stuff; which had
crept into even. Natural. Difquifitions 5 and like a Leprofie bad quite
over-run the whole Body of ®bilofopby, deforming its Beauty, and
ruining its Strength.  Men are not [atisfied now with noify Words,
and nothing elfe ;. but require more folid Foundations of Knowledge
and believe no farther. than they can find good Proofs.

This, great Change, which Philofophy or the Profecution of Know-
ledg in general bas received of late years, ismanifgftin all 4ts Parts ;
but.in none. more than in natural Enquiries. 1o thefe you bave
given a clearly new Turn, wholly” different from the Methods, by
which they weve formerly profecuted in the Schools. - And  how
advantageonfly the Change bas been made, will be evident to any
that confiders the one and tother. Method.

The
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The Commentatorson Ariftocke, (who wis certainly bimfelf a moSi
diligent ‘and pr ofound Iuwﬁm:mr af Nature) bave vendred P hyficks
an bmp of froathy Difputes, managing the whole Ky wledge of Bod jy 3 ....' 5
and Mation, of Animals, Plants, and Minerals ; of {ckﬂmg‘ Jm»mf m*mfn
Terreftrial -Bodies ; .Ev;.l Hypothetical fan;frfnrf:: confirmd by pla- ¢,
[fible Arguments of Wit and Rhetorick, ordered un a Syllogiftical form : f:n is &
and anfwering Objections m like manner : But never ffudied to Prﬂwgt’aﬂcrﬂ
their ?Pmmm by Experiments. By which Metbod they were as igno. s pi

r;IEu

rant of the Properties and Affetions of Natural Bodies, as if rbaj e,
were not at all the Subject of ther Difquifitions.”  And yet the ﬁfl e Cat
were the great Diftators of ‘Phrf icks for many' Ages in our Colleges +ip
and Schooles 5 and noone was accounted worthy the Nume of a Phi-
lofopber, that wouldot on their Authority Jurare in verba.
that could Dsfputr: and dxihngu:ﬂl, about Sympathy, Antipathy, oc-
cult Qualities, Antiperiftefis, and a Thoufand fuch other fantafbick
Terms, was yeputed a great Proficient, and deeply wers d in Natures
Secrets: tho all the while perbaps be knew not any one of the admi-
r;nfvfr Phanamena of the Magnet, or was not at all verfed in the

Hiftary of any one Branch in Nature.  Theyd rumble ont indeed
the Defmition. and Divifions of Comets ; bat knew nothing of the
Laws of their Motions, or other Affections. . They'd tell you the
Tudes Jepmd on' the Inﬂuﬂ'l{:E qf the Moon ; and when yon pr oceed
f#rﬁxr and -ruk, what is this Influence 3 They'll yet give you a Word
fority and [ay, ‘s anoccule Qualicy @ If you ; wi‘re e, what an oc-
cule Quality is2 They'r at a'Stand , and baving no farther hard
Word bere to fly to, are forced to —:mj: 5 °tis a Q{me’:r) they Know
nothing of - “wHad they ot better at firfE bave plamly co ] [ty they
know not the fd'ffc of the Tides: 7o jmr{} . I'u:r.- tho this bad been
more becoming m uJeﬁ Philofpbers, it wonld ot fo well captrvse the
Vaulgar, and gain to rIwmjffwes the: Repute of decp Kuwwffﬂ.‘

}Er this wer que fﬁ;fﬂ;ffp.’;} i5 that, which ﬁrr nany Generations
premrfd in the World - This it 1s, wf.nf* 15 ~joyn 'd to be read and
Jtudied in onr Colleges and 4 adlewni s, Xy the Statutes and L;rarrf}_;
foereay ;
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- Natural Philofophy is now profecuted by Obfervation, Experi»
ment, and Hiftory thereof.  And indeed if we confider it vightly
there is really no other rﬁrr of Natural Philofophy, but this only.
For by Natural Philofophy, or Phyficks, do we mean any thine
elfe, but the Knowledge of the Properties and Affections of Rl
Bodies? And is this to be obtamn’d any otherwife, than by Fxporiment
- and Obfervation > Can any Man Difpute me into the Knowledgo of
the Magnet's Attrattion, Direttion and Variation ; "or of the Ph..
nomena of the Mercurial Barofcope without Tryal and Experiment :
Can any Arguments prove that a little Sulpbur, Nitre, and Charcole
fhould produce Juch a quick and Strong Blaft as Gunpowder before
they be attually put together and tryed :  Men might have difputed
to all Eternity, before their Gibberifh could difcover the Ufe of that
ordmary defpicable Subftance, Iron-Ore : To which, for ought I fee,
(as a moft mgenions Author has obfervd) we are bebolding for all
the Politure and Plenty ; all the Learnmg, State, and Magnificence
of the World, beyond the Rudenefs, Wants, and Ignorance of the an-
cient [avage Americans : Whofe Natural Endowments and Provifi-
ans equal thofe of the moft flowrifbing and polite Nations ; But they
wanted the Advantagions Wfes of this contempiible Mineral.  So that
be, who firft difcovered. the Ufe of that ene poor Mine; or Tubal-
cin, that firft taught the way of working i Iron, may be defer-
vedly celebrated as the Father of Arts, and Author of mof? qf'n’::-
Conweniences of Himan Life. '

I know fome will fay, that by Natural Phi!ufﬂp.’ﬂ; 15 meant not
only the Knowledge of the Properties and Ufes of Natural Bodies ;
but alfo the Afigning the true Reafous or Canfes of thefe Properties.
But in this Particular we are to proceed with great Cantion. 1
know the Mind of man is of that inquifitive, prying Nature ; that
upon any Appearance offer'd to the Senfes, it immediately falls to the
Jearch after the Caufe producing this Effect. But indeed in Naty-
ral Difquifitions, ‘tis generally (I may [ay almoft atwayes) to no
purpofe.  We may make planfible Conjectures, and fome fort of fea-
Jible Gueffes; but others perbaps may make others, and thefe alfo

B equally
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equally probable. But thefe deferve not the Name of Natural Phi-
lofophy ; they fere only for Chat and. Diverfim. For the omnipo-
cent Conerivey’of the Unizerfe bas order'd Natures Operations to
be performed by fuch fine Springs, Jecret Mrliam, and inexplicable
Ways ; that Man in this Life may well defpair of attaining the inki-
mate [nowledge thereof 5 and muft therefore content I}Emﬁ{'f with the
Coptimplation of plain matter of Fat, in which he cannot be decei-
¢d. But yet, that we may not wholly [upprefs this inquifitive Hu-
mour, but may only keep it within juft Bounds : It will be granted,
That whatever immediate Canfe can be a/figned toan Effeét 5 and it
can be proved fo to be by fome convincing Experiments's * and thefe
be often repeated, and diligently examin'd, and found-to agree and .
confpire together 5 we may be allow'd fo found.thereon an Hypothe-
{is or Suppelal of this Caufe, but no more. We muft not pofitively
eftablifh it as the undoubted, adequate Canfe;. for this we may mifs
after onr mq’}’f cﬁfrgenz Inguiry. ~ However the Experiments we Iyi:
and demonftrate to fenfe, for the eftablifbing our Hypothefis, [ball be
allowed as snqueftionable Verities ; and [ball be ‘embraced as fo ma-
ny Steps of Advancement in the Knowledge of Nature.
But of the Uncertainty of  Affirning Natwral Canfes I fhall give
but ane Inflance, and that perbaps as firong as any we [hall meet
with i Philofophy.  We are apt to think, that the Cdﬂﬁtf the Su/-
penfion of the Mercury in the Torricellian Experiment is sndonbted-
ly the Gravitation of the Air: And we prove it by a moft convin-
cing Experiment 5 for puttig the Barofcope into the Prenmatick En-
giney, exhanfl the Air, and the Mercury immediately [ubfides. ©ut
when we confider it a lietle farther, we [ball find, That hereby we
bave obtam d little more certain Knowledge, than plainly the matter
of Fait of this latter Experiment, and not the adequate Canfe of the .
firft Experiment enquired after. For we can only conclude from hence,
that the:Equipoife of Liquors is the Canfe of the Mercury's Stifpen-
fion: But what. is the Canfe of this Equipoife of Liguors, or the
Caufe of the Gravitation of any Liguors, or any Bodies 2 That is,
What 1s the Caufe of Gravity in general is clearly wnknown to us ;
' and
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and canjfgumr{;r the wltimate Canﬁ* the Mercury Y § ‘uy’;:m}(mu s
not hereby nfrﬁcr..:ira:d "Tis true mdeed, by this Experiment we have
moft probably arviv'd at the f\‘uaw&d#r of onc Link more in the

Chain of Natural Caufes ; but this is not conclufiue 5, this paits ot an
end to the Enquiry: For jr:-* if oe looking at a Pendulum Clock fhonld
fnqune Why the Pendulum does not cmﬂ: by )] degrees from wibra-
ting 2 Aud he were anfwered, That it is kept m ii?mﬂ{?s by the wexe
‘mmf’cfmrf Wheel that beats on the Pallats: And this were o }’flrr d tg
be pmcdb_y Experiment ; for flop the mation of this Wheel, “and the
Pendulum Joon ceafes : Would be not pn,"u.a‘f) be j'lzmlh_L , and ¢
away [ecure, that be bad difcovered the f.uj’ of the Continuation aj

‘the Pendulum's Mation 2 And yet certamnly be has miftaken one hiilﬂf_‘
Link f{u the whole (Jmu For IJH-J pr f;_:-:fuf f.mh; s and had
enquared, What moved this Wheel 2 He w ,.r:.  find, the next Wheel
and fo omwards to the Weight or Spring. But bere be's at a Lofs
or what moves them, is aljuf;crdy rmkrluwr.

As to moft other Reafons in Natural Philofophy, that ufually pafs
as [atisfaétory, and are received as Acconts of '\rfme; Proceedings :
We [hall generally find them little more, than farther I'?Hf;hi‘m*u of
the Matter mqmrfd after in fome different Words,  Thus [ e’ »
asked, What is the Reafon the Sun cafts a [hadow from fome Bodies,

+ Viz, thofe we call opaque, and none fmm others, viz. Tran[parent
Bodies 2 "T1s anfwer dy, Becanfe by the opague Body the Rays of
the Sun are Jtopt in their Progrefs, and bindred from :.uu’igi:.fuhii
that Part of the Ground or Floor that s bebind the Boc !}" In the
Tranfparent Body the Rays pafs freely. This would be taken by [e-
veral as dwp Reafoning 5 and yet is really no more than T. antology ;
as if we ﬂﬂﬁ.;ff-;_}' the Sun cafts a Shadow, Becas ff f:‘ cafts a Sha-
dow. Bur it gives no Account of the {J!u ity n:{ > Body, and Tr. mj
parency f:ef mmnw which truly the {_\u;::w: requires,  If “we ask,
Fow Fire burns : Ts anfwered, by exciting a wiolent Motson in the
Parts of the Combuftible Mme} - H hich m:ft ed is 1o miore than the
Jame thing i different Words. But bow Motion is excited or commu-
uicated by one Body to another, 1s abfolately mexplicable, Jet thefe
- _f{;.-:.:r
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Kind of Verbal Reafons do generally pafs in Talk, and ferve to a-
muﬁ' as well as the f)t'ﬂ.

Since therefore we cannot expeét to arvive at the intimate Know-
fc.:{r;c of Nagdres Operations: Le_r 1"s ::pp{}_l onr ﬁe:’wes to know as much
of Eer, o5 we may be Cf.’l‘m.f.:l of. A‘f:d rf;:_s anfji .i; in Matters of Ex-
perimept and Tryal ; wherein by the mf::ff:&fe Guidance of our Sences,
we dinnot be deceived.  For tho, Experimentum periculofum,
b an ancient Apborifm ; yet we muft confider of what Experiments
it was pronounced, viz. of thofe.in Medicine and Difeafes. T a-
grees not to all, when diligently enquired into, - and" often repeated.
But when we meet with any Experiment that is thus fallacious, we
are not to rely on it 5 yet of this we may be [ure, and lay it down
as a difcover'd Certainty, that fometimes it hits , fometimes it
miflles; and in this Truth we cannot be deccived, feeing we have o
often found it.

But I have lanch'd out thus far, before I was aware : 1 muﬁ ree

covér my felf, and beg Pardon both for this Digreffion, and for telling
you Things which you wery well Rnow already, at the fame time when
Ioffer you a Petition. But my Defire of propagating this ufeful Me-
thod of Philofophy will excufe my Fault, and at the fame time will re-
commend me.the more to your Favour , who are the great Patrons thereof,
and in Account whereof yowr Name 1s defervedly celebrated all over
Europe.

Permit me thereforeto lay this Offering at your Feet, it being the
Explication of one of the moft noble Inftruments of Experimental Philo-
Jopby. Not that I think thereby to add any think confiderable to the
vaft Treafure of Curiofities you already poffefs: But that I may have
sn Opportunity of declaring to the World, how much I am

Your Devoted

Humble Servant,

April 17.
166G

WiLtcram MOLYNEUX,
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TO THE

REAIER. \

EFORE the Reader proceed to the following Sheets, T des
fire he may take notice ;

Firft, That he is not to expect Geomerrical Striftne/i in fes
veral Pacticulars of this Doctrine. 1 fay, irf feveral Parti-
culars 3 For many there are, which will bear the moft pre-

cife Exalfnefs: Kepler, Cavallerins, Herigom, D:‘cbefu, Honoratus Faber ,
Gregorins, Barraw, and other Authors have taken this Liberty 5 as be-
ing more defirous of fhewing in grofs the Properties of Glafles and
theic Effe@®s in Telefcopes, than of affelting a Nicery, which would
bz of liccle Ufe in Praétice. Thus we (hall find in what follows, that
many Lines are fuppoled equal, which ftrictly taken are rcally not
fo; buc yer are fo very litcle differens, thar for all ufe, and cafe of
Demonftration, they may be taken as equal.  Thus allo we fuppole
very fmall Angles and their Sines to be proportional ; which precifely
is not fo, but is fo to the mallet and moft infenfible Difference.
Thus likewife, we fometimes confidee not the Glaffes Thicknefs , bue
fuppofe it of the leaff Thicknefs imaginable, or of no Thicknefs at all 5
which yet is falfe, but does hardly prejudice any Demonftration. - For
Disptricks being a part of mixt Mathematicks, converfant about mate-
rial Lines (or Rays of Light ) and the refraltive Power of a corpe-
real Glafs, cannot be delivered with that "Axgsfeiz Geometrica requi-
fite in abffraffed Mathematicks.

Secondly, The Reader will find fome Corollaries and Scholiums hece-
after delivered, which of themfelves more properly might have confti:
tuted Propofitions. But thefe did not eccur fo readily in the courfe
of the Work , And thercfore I chofe rather to add them as Corodlaries
than
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»
than change the number of Propofitions and Citations, Of this kind -
are Corol. ad Prop. 8. Cerol. ad Prop. 15, &re.

Thirdly, I have prefumed to intitle this Work Dioptrica Nova, 34
being indeed almoft wholly mew. Very lictle being borrowed from o-
rhers. bur what is requilite to fthew the former Methods of Authors
" lin démunﬁpﬂ'tiug their Propofitions, and to keep up the Confecuti-
on and Sefics of the Propolitions of this Book. Befides, I can fay,
that rl}z"'ﬁfammmf Method of calculating a Rays Progrefs, which
in prany particulars is fo amply delivered bercafter, is wholly new,
aod never before publifh’d.  And for the fieft Intimation thereof, |
auft acknowledg my felf obliged to my worthy Friend Mr. Flam-
flecd. Affron. Reg. who had it from fome unpublifhed Papers of
Mr. Gafcoignes. _

Laftly, 1 declare, That if in any thing hereafter delivered, T have
made any Miftakes, or not fo clearly exprefled my felf upon Inrima-
tion thereof, I fhall be moft ready to retraff.  And therefore if inany
thing T have flig’d, or made a falfe Step, 1 defire the ingenious and
candid ‘Reader either to inform me thereof, and upen Convition, I
fhall fubmit 3 or clfc that he would frecly pardon the Errary Awma-
wum eff. i

Tho I had begun, and made fome Progrefs in this Work in Lartin
yet I thought it convenient (at leafk for the prefent) to alter my De-
fipn: There being nothing in this Part of Mathematicks ever yet pub-
lilh'd in Emglifb. And I am furc there are many ingenious Heads,
great Geometers, and Mafters in Mathematicks, who arc not fo wel)
skill'd in Latin,

If Forreigners may think this Work deferves their Perufal 5 in time
" perhaps I may fartisfie them.

And becaule T have ftudied to be as plain as poffibly I could, I
have chofen rather to be prolix in many Particulars, than leave any
Ambiguity to the moft ordinary Mathematician. And therefore in
demonftrating, I often repeat feveral Steps tho the leaft altered ; thac
all things may lye as plin as poffible. And on this Account I
hope, the curious and profound Geometers will pardon me; I know
they are ufed to what is concife and clofely puc rogether, much ex-
prefled in a little : Bur this Method fuits sot every Reader: And
1 have chofen to accommodate mine to the plaineft Capacities.

Laflly, in this practical kind of Mathematicks, I deficc the Reader
to have frequent recourfe to Experiments, for thefe illuftrate the The-
ory and make many things clear, which otherwife will pafs obfcurely.
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I ufe the common Notes of Algebra, with two or three new oncs
introduced by Branker or Dr, Pell, fuch as

-+ Signifies Divided by, - 2 fignifics Divided by 2.
2 With a Linc over it fignifies the abfolute Number 2.
% Is the Note of Multiplication or drawing into.

In the Demonflrations the larger and lefler Margins or Columns
are of the fame ufe as is exprefied in Dr. Pell's Algebra. To Which
I refer the Reader.

April 17.
1630, Wirti. MoLYNEUX,

DIOPTRICKS,
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foﬁ nitions.

L. db. 1. Fig. 1. ABCD s a Bndy of Glnfa,

E FM s perpendicular to A B: {uppole GE'

a Ray of Lighe falling inclined on the Glafs

A D, the Point F is called the Point of Incidence.

II. The Angle EFG comprehended between the Perpen-

dil.ular and the Ray, is the Augle uf Incidence (with Barrow,

&) tho by many Dioptrick Writers “tis called the Angle uf

Iiclination ; and its Complement AFG, is ufually by thcm

called the Augfe of Incidence. Bue I fhall ufe the Terms In-

clination and Incidence p-nmﬂmm;ﬂx , alwaysdefigning thereby

the Angle comprebended between the Perpendicular EF and the
Ray GF.

Ez‘x}rm'f:rmm:.

I. GF 1saRay of LI[IJIL‘ falling inclined on the Glafs ABCD;
this Ray coming out of a Rare M. liwm, as Air, into a De nfe
Medium, as Glals, does not prr.}u.:.d on its direct Courfe in
a ftreighc Line towards 1; but at the Point of Incidence F
'tis bent or refracted bl the Perpendicular FM,  and be-
comes the refradted Ray FH.

IL. At H is its Point of Incidence again, from Glafs a ’Dm;ﬁ-

Medium to Air a Rare, and in this Pa lT.lcre "tis rcfr’L&Ld from
the Perpendicular HZ ; fo that inftead of Prmceumb directly
{hraie

V.



Tavr.Fry.

Ta.1.Fia.

Ta1.Fig.

2]
flraic in FH L, 'ds refracted from the Perpendicular HZ, and
becomes HK : Sothat if the Surface A B be parallel to the
Sutfice D C, the Ray becomes again as if it had not been
refraéted 5 forfow HK runs parallel ©ofGF. ~ T'he natural
Realon of ;hf‘s Reftaction i 1.r-,1riﬂuﬁ}’ affigned by divers, and
is properly of a Phyfical conlideration; and what is offered
therein, is lictle more than Hypothetical Conjeéture. I fhall
not therefore mix Guefles with Demonftration: The Matter
of Faé is manifeft from Ten Thoufand repeated Experiments,
and this is fufficient to my purpofe. But yet there is fuch an
ingenious l-!)-'pothcﬁs coneerning this Matter, publifhed in the
Atta Eruditorum Lipfie, Anno 1682. Menf. Junit, pag. 185. by
the Learned and Ingenious G.G. Leibnutzins, that I cannot
omit inferting it in the Second Part of this Work, Chap. 1.

IlI. The Ray that fails perpendicular (as [bppole EF a
Ray) paffes unrefracted, buc all inclined Kays are refracted.

Definitions.

Il The Angle IFH, and KHL comprehended by the
Ray direétly prolonged, and the refratted Ray is the Augle
of Refraction.

IV. The Angle HFM or ZH K comprifed between the
refracted Ray and Perpendicular is the refracted Angle.

V. Diverging Rays ‘are thole that fpread and f{eparate the
farther from each other, as they flow farther from the Object.
Tab. 1. Fig. 2. B 15 a radiating Point, AB, DB, CB, EB,
are diverging Rays.

VL. Converging Rays are thofe that approach sigher each
other, till they crofs, and then become Diverging. Tab.a. Fig.3.
A, B, are two Radiating Points in the Objeét AB, the Rays
CA, CB, do Converge, till they crofs in'C, and then they
become Diverging DC, EC,

VI Parallel

2




I 3]

VIL Parallel Rays ate thofe thar Aowjng from one and
the fame Point of a remote Object pafs ae e fame diftance,
as to fenfe : But this is not to be ftrictly taken; for then the
Rays flowing from one and the {ame Point of an Obje&,
cannot be parallel, for they always diverge: Yer when an Ob-
ject 1s at fuch a great diftance, and thac parcel of Rays which
15 conlidered,, is fo {mall, - that their Divergence is litcle or
nothing confiderable, thele Rays are faid to be panallel,
Tab.1. Fig. 4. A is a Point in an Object fending forth its di- 7054
verging Rays AD, AB, AC, AE; let BC be the breadth
of the Pupil or breadch of an Optick Glafs: Here if the
Point A be o remote, and B C be {o fmall, that the Parcel
of Rays B A C, do infenfibly run parallel, then thefe are faid
to be parallel Rays. .

VIHIL Thole radiating Poiats or Objects are faid to be remote,
whole diftance from the Eye or Glals is fo grear, thac the
breadch of the Pupil or Glals, in refpe& thereto, is incoa-
fiderable.

IX. Thole radiating Points or Objects are faid to be nigh,
when. there iis a {enfible  proportion berween the Pupils or
Glafles breadch, and the diftance; fo that the Rays flowing
from any fingle Point thereof do not run parallel to each
other, but diverge confiderably in relpet of the Pupils or
Glafles breadch.

Experiments,

V. Tab. 1. Fig. 5. . ZXY is a Body of Glals, HBG 15 7
perpendicularto Z X, A B, is a Ray falling on this Glals, and
the . Angle ;of Inclination or Incidence s HB A=DBG,
Kepler. tells us, that under 30 deg. of Inclination from Air
to Glals, the Angle of Refradtion DBC s ¢ of the Inclina-
tion, therefore the refracted Angle CBG is 3 of the Iaclina-
tion. ;. Wherefore we lay down the following Proportions,

B 2 as
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as confirmed by Keple’s Experiments, and ufially retain’d
by moft Optick Writers.

Z Inclination DBG : refrafted £ CBG:: 2:2
£ Inclination DBG : £ Refra&tionDBC:: 3:1

V. But fuppofe the Ray CB to proceed from Glafsto Air ;
at B 7ts refracted from the Perpendicular BH, and becomes
BA; here the Inclinatien s CB G=HBI, and then

Z Incidence HBI: refratted £ HBA :: 2:3
Z Indination HBI: £ Refraction I BA :: 2:1
Z Refraion IBA : refraCted £ HBA :: 1 : 3

Thefe Propoffiions in the 4th. and sth. Experiments we
fhall retain in the following Demonftrations, for the Eafe and
Plainnefs thereof. But in Calcnlation we {hall ebferve the Pro-
portion that follows in the éch. Experiment.

VI. Butthe moft Learned and Ingenious Mr.Ifaac Newton of
Cambridge difcovered by moft accurate Experiments, thac thefe
Proportions of Kepler were not fufficiently exact : For Des Cartes
firft found, that R efractions were not to be meafured by the Pro-
portion of Angles, but by the Proportion of Sines. See his Diop-
tricks Cap. 2. Sec.7. And thercfore Mr.Newton apply’d himlelf to
difcover the Proportion of the Sines, and founi That from Air
to Glafs, the Sine AK or DF of the dAngle of Incidence ABK or
DBG: istotheSine TH or CG of the refracted Angle CB G or
IBH:: 4s 300 t0193. (or near, as14.t09.) And on the contrary,
that from Glafs to dir, the Sine of the Incidence : Is to the Sine of
the refracted Angle :: as 193:t0 300, or as 9 to 14. Butthe
fime Mr. Newton in his Differtations  concerning Colours and
Light, publifh'd in the Philofophical Tranfattions, has at large
demonitrated, thar the Rays of Light are not all Homogeneous,
or of the fame fort, but of different Forms and Figures, hfo

that
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that fome are more refracted than others, tho they have the
fame or equal Inclinations on the Glafs : And therefore there
can beno conftant Proportion fetled between the Sines of the
Incidence and of the refracted Angles. Bur the Proportion
chatcomes neareft Truch, for the middle and flrong Rays of
Lighe, is nearly as 300 to 193, or 140 9. #

Il. As the Sine of the Angle of any one Inclination: To
the Sine of its refracted Angle:: So is che Sine of any other
Inclination: To the Sine of its refracted Angle. Therefore
by Experiment, finding the Proportion of the Sines of any one
Inclination, and of its correfpondent refracted Angle, this Pro-
portion will hold in any other Inclination or Incidence.  See
Des Cartes Dioptr. Cap. 2. Sec. 7. Merfenni Optic. Lib. 7. Prop. 1 2.
Dechales Dioptr. Lib. 1. Prop. 1, 2,¢¢. ~ Sce allo Cap. 1. Sec. 4.
Part 2.

Wherefare the Incidence or Inclination ofa Ray being giver,
'tis eafie finding the refracted Angle; for the Proportion is,
as 300: To 193 :: (or as 14 to9) So the Sine of the In-
cidence: To the Sine of the refralted Angle, from Air to
Glals.

Or Mechanically thus; A BK being the given Angle of In-
cidence, by a Sector make the Sine thereof KA or DF 300
parts (or 14) and take i93 (or 9) of the fame parts, and
make therewith CG or HI che Sine of the refratted Angle;

then draw B C, this is the progrefs of the Ray A B after ic

enters che Glafs,
VILI. The fPrqg;'—z/j of Light through different Mediums is reci-
procal: That is, Ta
G in Air, to fend from it the Ray GF upon the Glals A D;
this Ray by the Glafs is refracted into F H within the Glafs.
Let us now imagin the Poinc H within the Glals, to be a
lumiinous Point, fending out from ic felf the Ray HF: This
Ray upon its Emerfion from Glafs into Air, inftead of pro-
ceeding

b. 1. Fig. 1:  Suppolc the luminous Point ™
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ceeding direcily to N, i refracted into FG. * And [0 likew_if&
{uppoling the Luminous Point G, to fend its Ray G F, which
after a double Refraétion on each Surface of the Glafs proceeds
£ieft in FH, and afterwardsin HK ; if we conceive K a Lumi-
nous Point, fending its Ray KH on the Glafs; this Ray af- i
ter a double Refraction on the two Surfaces of the Glafs fhall ||
be refracted firft into H F and then into F G; taking the fame '

.reciprocal Progrefs in both Cafes.

And this is not fo properly proved from Experiment (cho
that allo does abundantly and moft exactly confirm this Truth )
but ’tis manifeft and [elt-evident from the very Nature of the
thing. For whatever phyfical Realon there is , which caufes
the Ray G F proceeding from Air into the Glals A D to be re-
fradted from its direét Courfe F1 into FH ; the fame reafon
there muft needs be to caufe the Ray H E, . proceeding from the
Glals AD into the open Air, to be refracted from its direct
Courfe FN into FG. For doubtlefs the Refradtion proceeds” |

4 from the Difparity of the Mediums ( but how or in what man- |
ner tis needlels to enquire in this place). Now the difference of *
the Mediums on their two determining Surfaces, or at the |
Poiat of Incidence F,, continues the fame, let the Ray proceed |
from which of them foever. For there is as great a reciprocal ‘

Difference between Glafs and Air, as between Air and Glafs;
and confequently the Refraction muft needs be reciprocal. ||
¥id: Barrow, Lect, Opt. 3, Sefl, 3. |

Definitions.

X. Whatever Line is perpendicular as to.the Tangent of any
Curve Line at the point of Contrad, isfaid to be perpendicular
%Fi.6 to the fame Curve, Tab. a. Fig. 6. DE being a Tangent to the
Archof aCircle ABC, andFG being perpendicular to D E at -
the point of Contraét F, the Line F G is alfo perpendicular to
the Curve AB C. A XL A










L7 1

XL A Line that is inclined to the Tangent of any Curve,
is inclined to the Curve ; and the Angle ot Inclination to the
Curve, is the fame with the Angle of Inclination to the Tan-
gent. FH is inclined to the Curve ABC, by the Angle
HFG, according to which Angle the fame Line HEF is in-
clined to the Tangent D E.

XIl. K being tgr: Centre of the Circle ABC, draw BK
parallel to HF, the Arch BF meafures the Inclination of the
Line HF to the Curve ABC, or to the Tangent D E: For
the Angle B KF is equal to the Angle HE G. (Pr. 29. 1. Bucl.

XMl The Rays that proceed from the middle Poinc of an
Object, when the Glals is expofed direétly before it, are (aid
to fall direftly on the Glals; but the Rays chat fow from the
Collateral Points of an Object, are faid to fall obliguely on the

Gla. Tab. 2. Fig. 1. ABC 15 a diffant Object, [E‘nding Tia-Fii

parallel Rays from each of its Points on the Glafi. G K, lex-
pofed diretly beforeit. Here the Rays flowing from the Point
B, are faid to fall direftly on the Glals, as BG, BH; BK.
But the Rays flowing from the Point A, orany other (ulls-
teral Point, are faid to fall obliguely on the Glafs; 35 AG,
AH, AK. "And here 'tis to be noted, that the Point B is
faid to be direftly expoled to'the Glafs, when the Axis tof
the Glals EH B direétly produced, ‘meets this Point B Butall
other Points in the Obje@t are Collateral Points 3 for thothey
may be diretly expoled to fome other Points in the Glafs, yer
direét and collateral, are here to be underftood only in refpeéiol
the Glais's Axis or Pertex. Or inthort, that Pointin an Ob.
ject is faid to'be diref?,  the Axis ‘of whofe'Gone of  Rays:isy
coincident or the fame with the Axis of the ‘Glals ; 'that Point
in an Object is faid to be obligue ot collateral, the Axis of whole
Cone of Rays falls ebliquely to the Axis of the Glas. Fid.
Def. 17. 18,

XIY. Suppole
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The Pencils of Rays from various Points are expreffed dif-
ferencly in the Schemes (wz. by Lines or (mall Points) for
better lluftration, and eafier dlﬂlngmlhmh their ngrd:

XVIIL. Tab.2. Fg.3. AE is a Body of Glafs, wholeSur- f ,,,, -
fice ACD is the Segment of 2 Sphere, the Centte whereot
is . KB a Ray falling on the Glafs; through the Centre F
draw CFR Pzralltl to KB, CFR isthe A'*cu, and the Point
C the Pole or Vertex of thc Glafs : Or more generally thus,
The Axis of a Glafs is that Right Line, which, ]Jr:mg Pmducﬁd
both ways, falls on the feurm of rhc Two SphmcL Surfaces
(if the Glafs be a double Convex, or double Concave) or
which being produced both ways, falls on the Centre of the

Spherick Surtace, and pcrpcndu.ul.lr to the plain Surface, (if
the Glals be a Plano-Convex, or Plano-Concave.) So that
the Axis of a Convex-Glafs pafles perpendicular to the thickeft !
part of the compleatGlafs; and ofa Cancave to the thinneft part,
of the compleat Glafs. Why Compleat is added, wvid. Second
Part, Chap. 4. Seét. 4. The *’Pm’u of a Glafs are thofe two Points
in the Glafs thrﬂugh which the Axis paffes.

“Tis needlefs to define what is meant by a Convex or
Concave-Glals, ¢e. for every one knows this already.

XIX. The Ra} KB falling on the Convexity ACD,
rallel to the Axis CR, and Eclng refraéted to BR; fﬂ that
now it runs no more p'u'ﬂlci bur croffes the Axis in R: the
Point R is called the Point of Conconrfe, or of Convergency, or
the Focus.

1. Sw ppaﬁmn.

That from every Phyfical Point in an Object Rays of nght
are diffuled in direét Lines thruugh the Hemllphere round it.
Tab. 2. Fig. 3. Thus the Point b in the Obje¢t abc projeéts TsaFia: ( |
from it the Rays bd, bd, bd, wherever they are not hinder- -
ed by fome Opaque Bndy mtr:tvr:mng And thefe Ray;‘ are

rait
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Diftance of the Ray from the Axis ; ’tis required to find the
Point R, wherein this Ray, after one [ole Refraction at the
Point of Incidence B, croffes the Axis CR,

Produce K B ac plealure to H, and draw BF X at pleafure.

1. Inthe Right Angled Triangle BOF, we have given BO
and BF, whence we may find the Angle BFO=HBF,
which is the Incidence.

2. Then i:;_}vT as 300 : 0 193:: (oras 14 to 9) o the
Sine HI of the Ingidence HBF : to the Sine ZL of the re-
fracted Angle RBEF; then HBF.RBF=HBR=BRE,
which is the Angle of Refraétion.

3. In the Triangle RBF, all che ﬂnglcs and one of the
Sides B F are known, whence we may find F R : Which was
required. N

Example.

FB=FC="1 Inches, or 20000 Parts, an Inch being 10000.
BO=: an Inch, or 5000 fuch Parts. The Anglc of Inci-
dence or Inclination BFO=HBF will be found 14" 29"
And the refraéted Angle FB R fhall be 9" 15". Wherefore
BRF=HBR =73" 14. Whence the LineF R is found 315341,
Then RF4FC=13534'+20000=55341=CR.

Corollary.

From this Calculation 'tis manifeft, That in this Cafe the
Point of Concourle R is diftant from the Pole of the Glafs C,
almoft a Diameter and half of the Convexity: For a Diame-
ter and half is 6cooo, and CR is 55341, which wants
only about & of 6oooo.

C 2. Scholiim
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Scholium 1.

This Propofition is the 3 4th. of Keplers Dioptricks, and in
him and other Opricians, ‘s ufually thus exprefled and de-
monftrated. .

The Rays that are parallel to the Axis, and fall fo on the Con-
vex Surface of aGlafs, and at their Ingrefs are refratted, and
fo pafs forward in Glafs only, are united with the Axis at the
diftance of almoft a Diameter and Lalf of the Convexity, [uppofing

y the Glafs to be a Portion of no more than about 30 degrees of its
Convexity, or (which is the [ame thing) fuppnﬁr{g the Diclination
of the moft extreme Ray to be but 15 degrees.

This Limitation of 15 degrees Inclination is added, becaufe
above 15 degrees Sines and Angles are not proportional, bur
under 15 degrees they are nighly proportional, a double
Angle having a double Sine, a treble Angle a treble Sine,
e,

Ta2Fiz.  Wherefore they thus demonftrace this Propoficion.  Tab. 2.
Fig.3. BFC=HBF is the Inclination, HBR=BRF is
the Angle of Refraction, R BF the refracted Angle. Buc by
Experiment 4. R BF the refracted Angle : isto BR F the
Angle of Refraction :: as 2to 1. Therefore the Sines of thefe

i Angles, being under 15 degrees, {lrall beas 2:t01. Bur in

&)l plain Triangles the Sines of the Angles and the Sides fub-

tcndinE thele Angles are proportional ; therefore the Side R F
is double FB or FC. Wherefore R C isthrice FC, orequal
to three Semidiameters: Which was to be demonftrated.

Scholium 2.

Bur a neater way of Exprcﬂ'ing and Demmﬂmting this
Pmpoﬁrion 1s thus.

When
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When a Ray falls on a Spherick Glafs, and afterwards it being
but once refrated, croffes the Axis. It [hall be, as the Sine of the
Angle of Refrattion : to the Sine of the Angle of Tnclination :: fo
the Radiws of the Glafs's Sphere : to the refrafted Ray.

Tab.3. Fig.1. Let bec be the Convex Surface of the Glafs 7e3.5.1.
ADE, kb aRay of Ligh, f the Centre of the Convexity,
bfcthe Angle of Inclination, bo the Sine of the Inclination,
br the refracted Ray meeting the Axisin r, bbr=brc=to
the Angle of Refraction; draw fe parallel to br, then efec
is equal to bre, and ec is the Sine of che Angle of Refraétion.
;"mj by reafon of the fimilar Triangles &ro, ef¢, it {hall be
ec:bo:ief:br. Which was to be demonfirated.

Wherefore fuppofing that from Air to Glafs, the Sine of che
Angle of Inclination : Et‘ to the Sine of the refracted Angle::
as300 : to 193 : then the Sine of the Inclination {hall be': to
the Sine of the Angle of Refraétion:: as joo:to 300—197
=107. Becaule the Angle of Refraction is cqual to the diffe-
rence between the Angle of Inclination and the refracted Angle:
And Sines and Angles being (in thefe {mall Angles) propor-
tional. It fhall be, As 107: 300 :: fo Radius of the Con-
vexity : to the Concourfe of the refracted Ray with the Axis.

Ic {hall alfo be, As 107 : 193 :: fo the Radius of the Con«
vexity : to the Concourfe of the refraéted Ray beyond the
Centre of the Sphere.

For Tab.3.Fig.2. v'eac : fac :: 300 : 193 Te3 Fia
Dividing the Firft z!eac._f:n- : fac ¥ J00—193 ¢ 193
That 1 3eaf : fac :: 107 193

Moreover, 4'eaf=fbc=Angle of Refraction.
From 3 and 4 §lfbc: fac :: 107 ¢ 193
Butinthe A abc 6ifbec : fac :: Radi=ac : cb
From 5and 6 7/to7: 193 :: ac : cb= To the Con-
courfe of the Ray beyond the Centre of the Sphere c. Which
was to be demonfrated, Pros:
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Trr;gmmmetrime' Calenlation,

But this Point z, or the Meafure of the Line fz may be
found more accurately by Caleulation thus. In the Trian-
gle gdg Right Angled at gare given qd and dg, to find the
Anwle of Incidence. dqg, “and the Side qg. Then qf__h f
—'f}'= and 4g—qh= ,’Jg—:f:

Firlt then, becaufe che Ray pafles at d from a rare Me-
dium into a denle, it {hall be ‘refradted towards the Pupcndl-
cular dg. Wherefore the Analogy is, As 14:t0 ¢ :: fo the
Sine of the .r"'l.nﬂ]l: of Incidence d. f (=md Jr) to t[l:: Sine
of the refraéted ﬁnﬁln odq (that i:. kdly. But mdq (=idl)
—kdl=idk =xku, dwand kx btmﬂ parallel ) ‘And this
is the Angle of Incidence as the Ray Ptﬂ—h from Glafs to
Aur.

Secondly, In the little Right Angled Triangle i d £, the
Sided 1, :md the Ang eidk are L.nc:-w‘n W Hemc the ""ﬂde ik
may be found, then ib (—dﬂ) = '—JU*

Thirdly, Hfmu at k the Ray emerges from a Denfe into a
Rare Medium, it thall be refr acted from the Perpmdlcrlln kx;
and the Analnﬂ}r fhall be, as 9 :ta 14 :: fo the Sine of the
Angle of Incidence x ku : to the Sine of th-. Second refradted
A: w:r: x ks [_ kz b, kx, and hz being Pavallel)

qurthly, n the l{lL]}II: hlﬂlfd T riangle & bz, the Side k b,
and all the Angles are I\nrmn, whence the Side b %, and con-
l-:qufnn}rf z (=fh4-h2) the Diftance of che u-nl:uf Con-
courle from the Pole of the Glaks f 1s difcovered.

When che plain Side is turned to the Object, the Method i
t]1f'. fame, only fhorter ; for Tab. 5. Fi g. 1. 1n thc h.ght Ang-1,

led Triangle g d g, we have gd a ind d dg o find dgg=udx,
rhf: Im.1du‘u:n, aad the Sideqg: Then rf_; r=g f. Next,
As9:to 14 :: (oras 193 :to 300 ;:) fotheSine ofudx: to
the
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the Sinc of sdx. Butsdx—udx=sdu=dzg. Thenin
the Right Angled Triangle dz ¢ we havedg, and the Angles
to find g . And gz—gf=f z. Which was to be found.

Scholium.

In the licle Tables inferted in Tab. 4. and Tab. 5. I have
given Examples ac large of the Calculation of the Progrefs of
the Ray cd, which I prefume is pretty cruly wrought : Bur if
perhaps any Errors do intervene, they are cafily corrected.

By thefe Tables we may perceive, that che Point of Con-
courfe z is diftant from the Pole of the Glafs £ about a Dia-
meter of the Convexity, but not fully (o much.

*Tis alfo to be noted in Tab. 4. Fig. 1. That the Point of
Concourfe z, fhall be lefs or more removed from the Pole iy
according as we give the Glafs lels or more thicknefs. For *tis
manifeft, that the farther we lec the Ray run in the Medium of
Glafs, after it enters it atd, before it emerges into Air at k,
the farther the Point of Concourle. g fhall be protraéted from
f. For we may imagin the Medium of Glafs continued be-
low the Diameter of the Convexity, and then tis evident that
the Point of Concourfe z fhall be much more below it. Bue
it can be no more below it than a Diameter and half. By the
Firft Propofition hereof.

This our Second Propofition is ufually found in Dioptricks
thus exprefled and demonftrated.

Parallel Rays falling on a Plano-Convex-Glafs, are united with

~the Axis about the diftance of a Diameter of the Convexity from the

Pole of the Glafs, if the Segment be but 30 Degrees.

Demon-
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I)fmmzﬂrmiau.

Firft for the plain Side towards the Object. Tah.6. Fig.1, Tib. 6
ABis aRay of Light falling on'the GlalsGL parallel to thn: =

Axis CD. ~ C isthe Centre ofthe Convexity GP L. JoynCB;
the Angle of Incidence or Inclination is B CD, the Angle o
Refraction is EBD ot BDC.

Wherefore in the Triangle BCD, the Angle BC D being ¥
double the Angle BDC (For by Kepler's Experiments, which
are follow’d by moft Authors, from Glaf to Air, the Angle
of Inadence : is to the Ang'-c of Refra@ion :: as 3 : to' 1, )
the Side B D fhall be double the Side BC; the Angles and
Sides or Sines under 1§ Degrees being proportional ; iu: DP
is almoft equal to BD ' (for the Thicknefs and Blﬂld[l} of the
Glafs, in Oprick Glaffes flpcually in Glafles of Long Foci, .
are zrmnhdcrlb'if:), therefore D P is double CP.  Which was
to be Demonstrated.

Secondly, for the Convex-fide towards the Obje&.  Tab,6. Tas.Fz

Fiz.22 ABCD is a Plano-Convex Glals (I have here txpn:[

fed it of chis thicknefs, to fhew the Angles and Progrels of
the Ray more plainly, tho really this great Thicknels hinders
the Exaétnels of the Demonftration; for the Glafs is to be
fuppofed of the moft inconfiderable Thicknefs) F is the Cen-
tre of the Conv cmty KHis a Ray iailing thereon, parallel
tothe Axis E G. This Ray, {’utrcr it has fuffered a Double
Refraétion, one ar its [11grtis from Airinco Glafs at H towards
the Perpendicular H F, by which it becomes the Refracted Ray
HM, and another Refraction at its Egrels from Glafs to A+

at M frc:-m the P:.rp:.ndlcular PM, by w hh,h inftead of sING
forward towards R, it becomes tf‘n: Retm.“tcd Ray M G) at
G crofles the Axis, fo that GE is the Diameter <f the Con-

vexity A E B,

D For
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For the Incidence ot Inclination of the Ray K His LHF, of
which Angle there is taken off ¢ LHM, for the Angle of Re-
fraction from Air to Glafs is ¢ of the Incidence (by Exper. 4.)
If therefore the Ray had proceeded onwards in Glafs towards R,
it had croffed the Axis at a Diameter and half (by the forego-

ting Pmpnﬁl:iun), but at its tgrt[% into Air act M, it is ‘again re-
fracted from the Perpendiculat P M by the Angle R MG =1
, PMR. The Angle of Refraction R M G from Glafs to Air,
 being : the Incidence PMR (by Exper. 5.)  Buc PMR is
equal to LHM.  Whercfore the firft Angle of Incidence LHF
by this Double Refraction, has loft firft '+ of ic felf LHM,
1.and again ; of this Third RMG : Bue 4 and ; of + is equal
' to'}, wherefore the Angle of Incidence'is diminifhed by its Half,

kg Letus therefote conlider theGlafs A B, Tab. 6. Fig. 3. with-

out refpeét to its Thicknels, or to the Refraction the Ray fuf-
fers at'its egrefs on the lower {ide of the Glafs into Air. Bur
Jet vs imagin, that by the firlt Refraction, the Ray were
brought nigher the Perpendicular HF by half che Angle of
Incidence LHF, and we fhall find, thac then the Ray fhall
crofs the Axis at G ; fo that G E fhall be the Diameter of the

Y Convexity. For LHG or GHF is equal to ¢} LHF or HFE
the Incidence; but HFE isequal to GHFLHGF (32.1.
Eucl.) therefore GHF and HGF are equal, each of them
being + HFE, and confequently their oppofite Sides H F and
GF are equal. Wherctore GE is the Diameter of the Con-
vexity A EB. Which was to be Demonflrated.

Corollary.

InPlano-Convex Glaffes, As j00—=193=107 : To 193
i1 50 Radjys of the Convexity : To the refraéted Ray taken
o its Concenyfe with the Axis; which in Glaffes of large
Spheres and {ma\l Segments is almoft equal to the Diftance of

ferhc Focus taken inthe Axis.. Tab.6. Fi. 1. De-
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Thirdly, As joo:to 193 :: o S.£qde:t0S. £qdi.
Fourthly, ¢de—qdi=edy, And 180" _kdc—edi=kdi.
Fifthly, In the Trianglek ds, the Angle kdi and the Sides

ki, kd, being known, we havethe Anglek id==mil.\ And the
Angleikd. Thenghd—ikd=qhk.

Sixthly,  As 193 110 300 {: fo Sidkid:to 8. £gil, then
xil—gli=k 2. ~

Laftly, In the Trianglegki, kiandall che Angles being
known, we find k3, fiom wwhich fubtradting ky, chere re-
mains gy, Which was required.

If by chis Method we calculace the Progrefs of a Raysthrough
a Double Convex-Glafs of equal Convexities ; and the Thick-
nefs of the Glafs be litde or nothing in comparifon of the Ra-
dius of the Convexity ; and the Diftance of the Point of Inci-
dence from the Axis be but {fmall, we fhall find the Point of

| Concoutfe to be diftant from the Glafs about the Radius of the

'Convexity nearly.

This our Third Piopofition in moft Dioptrick Writers is
ufually chus exprefled.

Parallel Rays falling on a Double Convex-Glafs of equal Convexi-
ties on both fides, are united with the Axis, about the Diftance of the
Radins of the Convexity from the Pole of the Glafs, if the Segment
be but 30 Degrees.

But their Demonitrations of this Propofition are ufually per-
plexed enough, by reafon of the fmallnefs and mulriplicity of
Angles, which are exprefled in their Figures, as alfo by the
Thicknefs of the Glafs, which they are forced to reprefent, and
yet is to be neglected in their Demonftrations, I fhall give as
{hort a Demonftration as I can, after cheir Method, as follows,

TazFia.  Tab. 7. Fig. 2. Let a be the Centre of the Convexity bk/,

hthe Centre of the Convexity bil, db a Ray of Light pro-
duced directly to f parallel to the Axis «h. abe isa Righe
Line, and hb¢ isa Righe Line. The firlt Angle of Inclina-

t1on

.....
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tionis cbd=hbf=cbf, and the perpendicular is 5. By
the firft Refraction che Ray is deflected trom its ﬂmight courle
b f and becomes b g, approaching the perpendicular b b by the
Angle fb g, which is i of the Inclination ¢ b £.  Produceg b di-

| reétly to x. Now the Angle of Incidence on the lower Con:

vexity bkl from Glafs to Airis abz=ebg, and the Perpen-
dicular is ab or be: Wherefore the Ray inftcad of going for-
wards in b g is now, by its Emerfion into Air, refracted from
the Perpendicular b ¢, by the Angle ¢b b, which is therefore to
be equal to : the fecond Angle of Incidence e b ¢, by Exper. 5.

~and that g bb is equal to 1 eb g, 1 thus demonftrate;

By the SuppofalsincheProp) | | ,°» .,

yand th),mmun Gcnm:trg.g vebf=fbh |

By the Fig. — — — — — 135!:::_{5}';_)‘{;;
Fromiand 2 — — —--blgbh=ebf fbg

Doct. Refract. Exper. 4.- —|4fbg=1¢fb

From 3 and 4 — — .-1|5'rg5b=eéf__:g[,f= seb f
Moreover by the Schcme_-_(sigggg:geﬁf_f_ fbg
Rlssil 2 R 7sfbg = tebf

From 6 and 7 — — ——ﬂ‘is.ggﬁgz;féf_i_kfw___';fgf
From j and 8-“—'—*——:9!gflb:{ffrg

|| Which was to be DemonSt.

Therefore it follows that the Ray by this fecond Refraction

proceedsin b b, croffing the Axis in b the Centre of the Convexi-
Which was to be demonfrated.

See the Demonftrations of this Propofition Kepleri Dioptri.

Prop. 39. Herigon.Prop.1§. Dechales Pr. 2.1, lib.13. Hon. Faber

Prop. 43. Sec. 8. Cherubin de Orleans la Dioptr. Oculair, Prop. 2.

" Zabn Telefcop. Fund 2. Syntag, 1. Cap. 4. Prop. 8.

Of Glaffes of unequal Convexities.
As for double Convex Glafles of unequal Spheres on each
Side, the foregoing Method of Calculation determines the Poirt:}




o
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of Concourle cxa&ly in them alfo : But the fhorter Rale laid

down by moft Optick Writers, is chis.
As the Sum of the Radii of both Convexities : to the Radius of €i-

ther Convexity +: So thegdonble Radius of the other Convexity = to
the Diftance of the Focus. Vid. Corol. Pr. 186,

ﬂemanﬂm:mn.

T.7. F.3. Lecthe Axis of theGlafs i b be gk, diaRay of
Light Parallel chereto, g the Centre of the Convexity i f 5, b the
Centre of the Convexity ich, gil and hin arerighe Lines. The
feft Angle of Inclination is dén =ib ¢, and by the firflt R efrati-
on the Ray is defleéted into i k, croffing the Axisin k, fo thack ¢
is equal to 3¢ch.  The fecond Angle of Incidence from Glafs
ro Air om the Surface if b is the Angle /ik : I fay kim being
made 2 of /ik, the Ray croffes the Axis in », and it fhall
then be (accordingto the Rule) gh:2fg:ichime Which I

thus Demonftrate.

Inthe Akim 1 |Lkim: Lk:: kKm: mi=mfin |

largt Spheres.
Double che Antecedents |2 |2 Lkim=lik:4k:2kmimf:
) km: smf=ime

Divide the fecond Step. (3 [£lik—Zk= 4g: 4k:: km_..-.._

tmc: ime.

Then in & gikitfhallbeg [£g: Zk:: ik=ke: ig=fg.
I-‘rmn;and‘a s ke: fgir km—imc: tme
Compound the sth. 6 kedfg: fg:: km: imc
Double the Conlequents {7 kc4-fg: 2 fg:: km: mc
Compound the 7th, 8 ket 3fg:2fgn kmt me=
¢= 3ch: me

That is otherwife ~  fo 13ch 4 3fg:2fgi:3¢ch:me.

Divide the Ant. by 3. hioch+ fe=gh:2fg:: ch :me. |
Which was to be Demonftrated.
Vid. Cherubin Dioptr, Ocul. pag. 61, 62. Hon. Faber Synop. Opt, |

Prop. 43. 3cc. 8, 9. Dechales Props 23, 24. £abn Telefcop.
fund, 2. Cap. 9.Prop. 38, But
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But this Rule ' will need bur lictle farchér Demonftration,
if we conlider, that'ic holds even in'double Convexesof equal
Convexities ; for'th them, a5 the Sum of tht Radii of both
Convexities : to the Radius of the Convexity:: 6 the double
Radias of the Convexity : to the Diftance o thc Focus.” And
‘tis the fame in Glaffes‘of unequal Convexitics, ‘for thele refract
in the fame Proportion totheir Curviries as Lhr: other.
Wherefore' from thefe thre¢ foregoing Propofitions we lay
thefe down as'General Rules That the Point ﬂfCﬂIIJEFW?I‘{}ﬁF

Parallel Rays falling on’ a Pl $id Cobex- Glafs, “is"diftaiit about the

Diameter of the Cmr"m:fj On'a double Convex of equal Convexities,
tis about the femi- Diameter of the Convexity. ' And on a’ Double ’
Convex of unequal Convexities , the Rule for finding it iswhat we
bave laid down before.

Scholism.

Before T proceed, it will be requifite here to note, That the

Rays which fall nigher the Axis are not united thereto [o near the Pole ;

of the Glafs, as thofe that fall farther from it; and the difference
ofthe Points of Concourle is not fo great, when the Convex '
fide of a Plano.Convex Glals is turn-::d to the Object, as when
the Plain fide is towards the Object.

For this obferve Tub. 8. F. 1, 1 3.in each of which, the Ra-
dius of the Convexity ¢ v 1s 2 [ndm, or 20000 Parts (an Inch
being 10000 Parts) ithe Arch ror in the firlt and fecond Fi
{;uru T Hu.mra.nt and confequently the T hicknefs of the
Glafs v z ineach is 53 8, being the verfed Sine u! 45° to the
Radius 20000. But In th{z douhic Convex Fg. 3.the thicknefs
of the Glafs t:.( is .+ of an'Inch or 8oco Ium Paves' ‘g b in

eachiis a Ray fa mg on the Glafs Parallel to the Axis ¢v, at
the diitance of 2 /ot “an Inch or 1ooo fuch Parts as ¢z‘is
20000: de a 1ii-'.C Ray falling 3 or' ‘of an lach; or 5000 fuch
Parts

Ta.B.Fi. 1,
3 3.
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Parts ditant from the Axis, i is the Point/wherein:the Ray. 4 4
mdets the Axis, b the point in whichd e croffes the Axis,  Here
I call hi the Depth of the Focus, which we fee is greater in the
{econd Figure, wherein the plain fide is rowards the Object,
than in the firlt Fig. wherein the Convex Surface is towards, che
Object. . For Proof of this, let the Angles of Incidence be to
the refradted  Angle (according to Kepler) as 3.to2, Exprelled
in the firft Column of the follewing Table; or let the Sines
of the Incidence be ta the Sines of the refracted Angles, as 300
to 193 (according to Mr. Newton). as is exprefled in the fecond
Column of the Table. | Then by the foregoing Method of
Calculation, delivered in the fecand and chird Propofitions, we
{hall find as in the following Table.

1. Column. | 2d. Column. |

=it = |
30211933 Inc. Ref. |

e 13 : 200 Iwchin. Ref,

For the Plans-Con-| g, g — 41 9 ;g lov i= 314761

vex with rhe Convex)

Side to the Of‘-‘;h‘f. 'ZJ.IJ:.' 4.‘|..130 !"U-IJ:‘-.;({'.I ]2

Tab. 8. Fig. L hi = 7o0 'FJJ:' = L6y I

For the Plans- Cor.-'-l Zr ' e ; 1o !"E-' i __

wex withebe plaim fide =339 | — 339237 |
o the Olyalt. i-r.rb:;‘;'lé}alw.’;:;lpgg-
Tab. 8.Fig.2. hi = 2770 lhi = 2698

Ritce € L ErY

wicteDubeom gt inSav|viz 1762
eres. EEJIJ'——“ 1‘685 !'D‘JJ: |‘65;
Tab. 8. Fig._g_.'.’;i =l101§6{bi=11109

falls nigher the Axis v, is not united thereto fo near the Pole
of the Glafs v, asthe Ray d ¢, which falls farther from the
Axis; for ab is united to the Axis at the Diftance w1, and de
is united to the Axis at the Diftance v b, but v is greater than

|
From this Table 'ts manifeft, firft that the Ray ab, which
v b, Secondly, '
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Secondly, "Tis evident that the Focal Depth bi is not (o
greac in a Plano-Convex Glafls, when the Convex Side is to-
wards the Object, asin Fig. 1. Tab. 8. as when the plain Side
is towards the Object, as in Fig. 2. Tab. 8. for by the Table
hiisin the former but 650, butin the lacter pofture’tis 2691,
that is more than four times greater.

Whence [ deduce this, thatin viewing an Obje& by a Plano-

Convex Glals, ’tis beft turning the Spherical Side to the Ob--

ject; and fo likewife for buming by fuch a Glafs, ’ts beft
wirning the Convex Side towards the Sun.

Of OBLIQUE RAYS.
Premifes to the Fourth Propofition,

Hitherto I have confider'd only the Direft Rays. 1 come
now to the Confiderarion of Obligue Rays: And for this we
mult have Recourfe to our foregoing 13¢h. and wyth. Defini-
tions ; as allo to the firft and lecond Experiments: By the
13th Definition, we know what Obligre Rays are: And by
the 17th Definition, we learn that in every Parcel of Obligue
Rays, flowing from the fame Point of an Objeét vupon a
Glafs ; there is one certain Ray, which may be called the
Axis, and that this 4xis is as it were not at all refracted. But
for a farther Declaration hereof, Tab. 9. Fig. 1. Let abc be
a Plano-Convex Glafs, with the Convex Side towards the
Object, d b the Axis of the Direét Cone of Rays, ¢b a Ray
of the Obligue Cone, falling on the Vertex of the Clafs at b,
I fay, thisis the Axis of an Ubliqgue Cone, and after its Double
Refraction; firlt atits Ingrels ac &, and then atits Egrefs at £,
it becomes { ¢ Parallel to ¢b. This is Evident, if we ima-
gine the Ray ¢ b to fall on the Plane Glals amne, for s
refradted the fame way inone Calfe 2s in tother.  Wherefore
the Ray ebfg, 15 as it were fba, as ebbhor kfg; lo
likewife

T Fi.t.
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its Ingrefs; it may proceed fo in the Glafs, as to cut off equal
Arches b b, k f, may be eafily conceived ; becaufe the whole
furface of the Glals is occiipy'd by each Cone from each Point;
fo that the Point h (for inftance) cannot mifs of having a-
mongft the reft its Ray ,” which muft neceffarily be'fo re<
fracted.

What has been faid concerning 2 Double Convex of Equal
Convexities Tab. 9. Fig. 2. may be accommodated to a Dou-
ble Convex of unequal Convexities Tab. 9. Fig. 3. For as in TagFis.
Fig. 2. the Arches b b, k f, are to be equal (the Convexities
being Equal) fo in Fig. 3. the Arches & b,k f, are to be Si-
milar ; that'is to fay, b b is to be as many degrees of its Cir-.
cumference, as k f is of its Circumference. Thus fippofe in
the fame Fig. 3. The Arch a b ¢ to be ftruck with 2~ Radius
of two Inches, and the Arch a k ¢ to be ftruck with the Ra-
dius 4 Inches ; thefe Radii being to each other as 2 to 1, & f
muft beto b b as 2 to 1, for then they fhall be of equal de-{
grees, each in its own refpective Circumference, for here like-!
wife in this third Fig. the Tangents at b and f, run Parallel
to each other.

The Axes of all the Radious Cones, falling on 2 Plano-
Convex with its Convex Side to the Obje&, Crofs each other
in the Vertex of the Convex furface, at their Ingrefs into the
Glafs, 'as in Tab. 9. Fig. 7. ‘a b; bur if che Plane Side b,
turned towards the Object, they Crofs in the Vertex of the
Convex furface at their Egrefs from the Glafs, as in the fame
Fig. 1. at b " '

The Axes of all the Radious Cones, falling on a Double
Convex of Equal Convexities, Crofs each other in the Mid-
dle or Centre of 'the Glalles Axis. Thus in Tab. 9. Fig, 2,Tes Fis
dbp is the Line, which produced, would pafs chrough the
Centres of the two Convex furfaces ; chis Line I call the Axis
of the Glafs , let b'q be equal to kg, then 4 is the Point

E 2 wherein

4. Fi-i
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wherein the Axes of all the Radious Cones Crofs each
other.

The Axes of all the Radious Cones, falling on a Double
Convex of unequal Convexities, Crofs each other in a'Point
within the Glagin its Axis, which divides the f{aid Axis in
the Proportion, that the Radius of one Convexity has to the

72973 Radius of tother. Tab. 9. Fig. 3. Let the Radius of the Con-

vexity a k ¢ be to the Radius of the Convexity a b ¢, as 2 to
1. Let b & the Axis of the Glafs be divided in g, fo that & g
] may be to b g as 2 to 1, then g is the Point whergin the Axes
I of all the Radious Cones Crofs each other.
The fame may be underftood of Concave Glaffes.
And this is fufficient for explaining what I mean by the
Axis of an Obligue Cone of Rays. :
I come now tosthe Fourth Propofition.

Propr. IV.

The Parallel Rays that proceed from each Collateral Point of
an Object, and fall Obliquely on a Glafs, are united with their Axis,
at the fame Diftance, as the Direct Parallel Rays are united with
their Axis, viz. By a Plano Convex about the Diftance of the Di-
ameter ; by a Double Equal Convex about the Diftance of the Ra-

dius 5 and by a Double Unequal Convex,, as is before determind.

[ have hitherto propoled the Properties of Glafles Proble-
matically, to be Demonftrated or rather traced out by a Geo-
mettical Calculation of the Rays Progrefs. This Method, as
‘tis the moft Aruficial, fo 'vs the moft Legitimare and Exact,

s7 and wholly New and Diftiné} from that of other Optick Writers.

I fhall fielt obferve the lame Method in this Propofition, pro-

fj,_‘f;- o. pofing it Problematically thus, Tab. 10. Fig. 1. ef c is a Pla-
** no Convex Glafs, wich the Convex Side towards the Object.
Let
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Let there be given ‘qf the Radius of the Convexity ( as in
the Table after the oregoing Schalinm) 20000, and f ¢ the
Glaffes thicknels 5858, z fq a is the Axis of the Glals it [elf,
or of the Direét Cone of Rays, the Point of whole Concourfe
is'in @, fo that fa (as we have found in the foregoing Pro-
pofitions) 1s 34112. Let r f be the Axis of an Oblique Cone
of Rays, falling on the Vertex f; and making the Angle of
Incidence r f 3 ( =x d ) of any given Quantity (as in this
Example fuppole 14, 28 40".) Lec us fuppole an other Ray
m i Parallel to » £, and its Point of Incidencei at (uch a- Di-
ftance from the Axis % f 4, that being produced directly for-
wards, it may pafs chrough the Centre ¢ of the Convexity ;
that is to fay, let us fuppole k¢4 to be equal o z fr Thus
[ propole it for eale of llluftration, for the Calculation may
as truly ‘be performed by fuppoling the Ray m i at any other
Diftance, as I {hall declare prefently.

From thefe things given, ’tis required to find the Point [ in
the Axis, where the Ray mi croffes it. Forthe Difcovery
whereof we proceed thus.

Draw'i k Perpendicular to 3 ¢, then in the Right-angled
Triangle k ¢ 7, we have ¢4, and the Angle k g i to find k¢
and ki; thengf —fg=qg. Andkq:ki::qg:oh

Produce  f to p, thenin the Right-angled Triangle f ¢ p,
we have fg, and the Angle ¢ f p=r f z to find the Side
p g; or thus, the Triangles ¢ f p, g4qb are Similar, chen
2q:ghgf: gp Saythen, as Joo:10 193 :: f0S. £gfp:
to S. 4‘:"'{ f.rll.

In the Right-angled Triangle f g d, we have f 2, and the
£ gfd; tohnd theSide dg, thendg4-gh=dh

Draw ho and d x Perpendiculars to e ¢5-fay then; as193 :
to 300 :: foS. Zoby=ggqh:t0S. Lobhlk Butgo —ohl=
dbl. And 90" - xdlor g fr=hbdl

Laftly,
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Laftly, In che Triangle hd1l,- we have the two:Angles
d bl and hdls and the Side b d to find the Side d {5 which
was required. ; ,
I have faid before, that the fame Calculation may be  per-
formed for any other Ray Parallel to # £, falling at any di-
i | ftance k i from, the Direét Axis z f ¢ 4; fuppofing ‘with the
Tk | former Data (inftead of the Angle” f74) (Tab. 10, Fig. 1.)
| the Diftance & i ( Tab. 1o0. Fig. 2. ) be given. For thenin
TaoFiz. Tab, 10, Fig. 2. draw n i b Parallel to z ¢, and produce qi
to x, then nim=r fz. In the Right-angled Triangle ¢ ki,
having ki and ¢4, we get the Angle k gi=nix, and the
r Side k ¢. And nix—nim=mix= tothe Angle of Incidence.
Andyq f—q k=fk, f g—f k=kg=ib, b:,f which in the fe-
veral imall Triangles within che Glafs, we may find the An-
ole of the Rays Incidence from Glafs to Air, as in the immediate
t foregoing Example, and (o onwards in like manner. |
I fhall propofe one Cale more in this Doctrine of Obligue
l fj"{' ' Rays; and that is in Tab, v1. Fig. 1. where the Plane Side of
I 5 the Glafs is trn’d towards the Object.: | And that we. may
. trace a Ray in this Cale by Calculation, and find out a' pro-
per Ray for our purpole, we are to work a liecle backvwards,
| thus, g f=qh the Radius of the Cenvexity is given 20000,
f g the thicknefs of the Glafs is given 5858; And ¢f—g f= |
qg=14142, Let-d f bea Ray wichin the Glafs, whole In-
grefs is at d, fo, chat d g Is given 1000; and its Egrefs isac
the Glalles Vertex f: Inthe Right-angled TFriangle dgf, we |
have two Sides given to find the Angle d fg. Let k d be
Perpendicular to e ¢, and' produce: £ d direétly tox: Then fay,
as 193 :t0 300 :: fo Sine of the Angle-k d x=df g : to Sine
< kdr. Andkdr—kdx=xdr. Whetefore rd is'a Ray of |
Light falling en the Glafs av d obliguely by the Angle kdr, J
which after its Immerfion into the Glals proceeds onwards,
and Emerges at the Vertex of the Glaf £  This Ray at its
Emer-
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Em-‘:rﬁon at f {hall again run Parallel to r d, by what fore-
goes; wherefore the Angle ! fa is'equal to the Angle k dr.
And thus much for the backward Operation, which we
have Inftituted to find a proper Ray to work veith, thac is
to find' the Axis of an Oblique Cone, andits Annlc of In-

clination.

Let m i be another R’L}’ Parallel o' » d, and falling on
the Glals-at 4, [o that ¢4, may be given sooo. “Tis requi-
‘ted to determine thie Point I, where the Ray m i, aftera Dou-
ble Refraction at its Ingrefsat , and acics 17.55'-.:!:; at h, meets
the Axis »d fl.

Produce r d direétly to p, and m i to b, and make si Per-
pcn-.ﬁfular to ec ; Sceing therefore that m i is Parallel to » d,
the refradted parc #by (hall be Parallel to the 1-.’(:'[‘1 ted patt d f,
and the Angle x'd¥r {_.;:.ct'f] (hall be equa bto bih, and thé
ﬂnglc kRdrvis cqm to s ¢ m. Joyn f h.

Then in'the Right-angled Triangle ¢ 74, we have 7 7 hd
gito find che Awtt gqi=qis, Hf the Side .g:’: Buc g1 4
sim=migq, and 96 g=1qtbs And gib 3 bib i

ecluﬂ to qn’:
Therefore

in the Triangle ‘;:I we have the Sides q i and
q b, and the Pm”!i: :Irh to lind the A ngies fqb and q bi. But
Fqiaighis {‘(Iuﬂ 0 g4 h or f qh.

Then in the Tolcelés ['m.wle fqb, we have fg and 4b
equal to each other; and ' the ..f"mg_h fq b o find the Side £ ),
and the Angle fhq=¢ fb.

]’mduce q b dircﬁtl}-' to o, theén as 193 +To 300 :: So Sine
Angleq hi: To Sine of the Angleobl. Buc 180’ —obl_ fhq

f.";f J’LHJ 180 _..ff.r—ﬁ ﬁndbflz_,-ff.:._fﬁff

LalPu, In the Triangleh £, V“huc]‘f and all the Angles
to find the Side 1/ which was required.

[ 31 ]
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Common  Demon/Eration.

I {hall now Demonftrate this Propofition the ufual Way.
Tab.12. Fig. 1. a g b is a Plano-Convex, let the Plain firface
4 b be firft turn'd to the Object : And let the two Parallel
Rays.cd, e f, fall Obliquely on the Plane furtace 4 &, 1 fay,
that thefe Rays fhall be united in [, fo that b | {hall be near
equal to the Diameter of the Convexity, which well fuppofe
o k.

5 Seeing the Angles efb, cdb, are equal, thefe two Rays
have equal Angles of Inclination, and confequencly fhall have
equal Corre[pondent Angles of Refraction wichin the Glafs,and
therefore the refracted Rays d b, f g, fhall alfo be Parallel
wichin the Glafs: And becaufle from the fame Point in the
Object, that tranlmits thele two Rayscd, ¢ f, there proceed
Infinite Rays, which falling on the Glafs, and being refracted
therein, do occupy the whole Glals; fome one of thefe Rays
after its firft Refraction, being produced backwards, fhall pafs
through the Centre of the Convexity 7. Lec hd be this Ra
produced directly both ways to 7and I: Sceing therefore b 4 is
Perpendicular to the furface 4 ¢ b, ath it fuffers no Refraction
in its Egrels from the Glafs, Wherefore let us confider the
other refracted Ray f ¢, and what Refraction ic fuffers at the
Point ¢ on its Egrefs from the Glafs : Here the Angle ot Incli-
nation is f g ¢ equal to the Altern g ih; Lecus fuppofe the re-
fracted Angle k z I, which (by Experiment V) ought to be
* more than the Inclination f gi=gih. Wherefore in the
Triangle igl li:lg::8. £1gi=S.£L1gk:S.£1lig. Butin
thefe Imall Angles, as the Sines, fo the Angles, and there-
fore if the Angle /¢ k be > more than the Angle /i g, the
rSide [ is ; more than the Side/ gz or I h ( for lg and b
 are inlenfibly equal in Glaffes of fmall Segments of large

Spheres)
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Spheres) wherefore hi being the Semidiameter, 5! {hall be
the Diameter.  Which was to be Demonftrated.

Secondly in Tab. 12. Fig. 2. Let the fame Glafs a b be turn. TuFx

ed with its Convex-Side to the Obje&, and thereon let the Pa-
rallel Rays cd, ef, fall obliquelyito the Axis. Thefe Rays
{hall be united together behina the Glafs almoft at che diftance
of the Diameter of the Convexity.

For amongft the parallel Rays that fall on the Glafs, lec us
conceive one ef, that after its %rﬂ. Refraétion ac f, paffing in
the Glafs in the Line f b, and being produced direétly, wounld
pafs through the Centre of the Convexity i. If we conceive
the Medium of Glals continued, we know that thele two
Rays ¢f, ¢d, would be united in k ac the diftance of a Dia-
meter and half from the Glals (by ®Prop.1.). From the point
k draw k n perpendicular to the plane furface of the Glafs a4,
and let the Ray no be drawn parallel to ef, cd; this Ray
no {hall alfo, by its firft Refraétion, be diredted towards the
Point k ; and becaule within the Glafs the Ray nm is perpen-
dicular to the plain Surface b, it fhall proceed unrefradted
through m k. Ifhall now (hew that fh by its fecond Refra-
&ion atits egrefs at b is refraéted to /. Draw b /, and through
bdraw qb p perpendicular to 4 b The Angle of Inclination
within the Glafs 1s fbg=p hk=hkl. And now I {hall prove
that the Angle khlis 2 the ng]t ot Inclination phk or hkl,
In the Triangle hkl, 5. Lhkl : o kbl :: bl : kI (orkr,
for they are nearly equal), buc bl is almoft double kI or & »,
therefore the Angle bk [ is almoft double kb1 Which was to
be Demonflrated. And thercforeithe parallel Oblique Rays
have the Point of Concourfe at the diftance of a Diameter al-
moft from a Plino. Convex Glals. Which was to be Demonftrated,
Vid. L Optigue de Pierve Ango Livre 3. Sec. 69. &

Thirdly, InTab.13. Fig.1. 3 x 1s 2 double Convex, cisthe ri; i

Centre of the Convexity g ax, y the Centre of the Convexity
3 xbx
i o
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From which 15th Step it follows, chat if gn s be double
of snm:: fo pdl is double of [dk. Which was to be Demonft.

Note, In this Demonftration we affume 75 and d/ to be e-
qual, and ms and k! to be likewile equal, whereas chey are
not {o exaély, for the Thicknefs and Breadth of the Glals cau-
fes fome lictle difference, but in Glafles of fmall Segments and
large Spheres, and where the Rays do not fall very obliquely,
this Difference is fo very inconfiderable, that in a2 Demonftra-
tion relating to a Phylico-Mathematical Matter, they may well
be confidered as equal.

Scholinm.

But tho the Propofition exprefles, that the Parallel Rays
which proceed from each collateral Point of an Object, and fall
cbliquely on a Glafs are united wich their Axis at the fame di-
ftance, as the dire&t Parallel Rays; yet this is to be undet-
ftood with fome Limitation: For if the Rays fall very obliguely,
their Union wich the Axis is not fo exac, but they are fcat-
tered and the Focal Depth is very greac.  As will appear by
Calcularion.

Of the Reprefentation of ontward Objetts in a Dark Chamber ; by
a Convex-Glafs.

From what has been hicherto laid down refults that admira-
ble Appearance, and Effect of 2 Convex-Glafs duly placed in
a fmall Hole in a Dark Chamber; Which therefore we (hall
here confider, Tab. 14. F. 1. AB C is a diftant Object, which
we are now to confider as very remote, fo that tho the Figure,
for want of Room in the Paper, exprefles the Rays flowing
from every fingle Point, as very much'diverging; yet we are
to inwgine, thac the Rays (for Inftance) from the Poinc A
run as ic were Parzllel to each other ; che diftance of the Object
BH
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B H being fuppofed vaftly grr:lt in Comparifon to the Glaffes
Breadth GK (‘But after the gth, Propofition following, this
Advertifement of the great diftance of the Object will be need-
lels, as therein [hall appear) G HK is a Plano-Convex-Glafs,.
receiving on its Surface a Cone of Rays from each fi fingle Point
of the Obje&t, but here for avoiding Confufion in the Scheme,,
we have only expreffed the Cones flowing from the uppermolft,
middle, and lower Point of the Objeét, that is, from A, C,
and B ; and in each of thele Cones nf:thct have we cxptfﬂfd
any nwr:. Rays than the Axis of the Cone (as for inftance) A H,
and the two extreme Rays of the fame Cone AG and AK.
Firft cheretore for the R"I}'a thac Alow from the Point A.

By what forgoes we know that the Axis of this Cone A H,
afcer it has piihd the Glafs proceeds diretly rowards F, as lf
it were not at all refracted ; and thar the R.ua AG, A !\, are
united with this Axis in a Point (luppole at F) d:lhnf from
the Glals about the Diameter of its Convexity (the Glafs
being a Plano-Convex ) and what is faid of the Rays A G,
A ‘{ being united wich their Axis, mult be conceived of all the
R.I‘La that make up the whole Cone flowir ing | from this hngL_
Point A: and they arg all united likewife wich the Axis in the
Point F, fnrm]ng ariother ¢« :rnipond:nt Cone GFK, h: aving its

Jale on _the Glafs, and its Vertexin the Point F, making the
Pencil of RaysF G AKF.

And o likewife, what is declared of the Point A, and the
Rays that flow from ir, and of their being united lfl'.)blftht,r in
F, may be ealily Lﬂnccncd of the RI}S Howing from the
middle Point B, and their being Lmltcd in E; and may
be alfo underftood of thc Rays flowing from C, and their
urion in D; and [o of the Rays pmu:fdng from any ot ther
Point in the Obje&t ABC, and thlr being united ina cor-
refpondent Point in. FED. And this FED we call the
Diitin€t Bafe, Focus, or Burning Point. 'Tis called the Dis
ﬁfnff
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finék Bafe, becatife therein is a Diftiné} Reprefentation” ofl the
‘Object. And fuppofing the Glafs GK in the Hole of a''dark
Room, fothat the Reprefentation F E D may be difturbed by
no other luminous Rays from outward Objects, and a Paper
were placed at DEF, there to receive the Image, we fhould
thereon fee the Objeétmoft livelily painted in its exadt Shape
and Colours, * “Tis called the Focus, or Burning Point, becaule
the Glafs being expofed to the Sun, it there collects the Rays
from each Point of the Sun’s Body, and paints its Image
there moft vividly, exciting a violent Heat, even to the in-
flaming of combuftible Bodies.

But whereas in a Stholium after the Third Propofition, it is
obferved, that the Rays falling nigh the Axis are not united
thereto fo near the Glafs, asthe Rays that fall farther from the
Axis.  And confequently that all the Rays from one Point in
the Obje&, donot unite in a cotrefpondent Point in the Di
Jtinét Bafe, but that (as we have noted before) the Focus has
fome Depth,  and confifts not in an Indivifible Point. ~ Yet
this hinders not the Reprefentation in the Diftinét Bafe to be very
lively and exact.  For tho all the Rays from each Point are
not united in an anfwerable Point in the Image, yeéc there are
a lufficient quantity of them to render the Reprefentation very
petfect.  And tho fome Rays from other adjacent Points may
a little intermix with thofe from its neighbouring Parts, yet
thele are {o few, that they makeno grear difturbance.

Moreover in a Scholium following the Fotirth Propofition,
‘tis obferved, that when the Incidence of the oblique Rays is
very oblique, that then their Concourfe with their Axis is not
fo very regular. From hence it proceeds, that the Reprefen-
tation in the Diftin# Bafe is not fo clear and exaét rowards

Ithe Extremes, as towards the Middle.
' As for the reafon of this furprizing Appearance in a dark
Chamber, whercin chere is 2 fmall Hole armed with a Con-

YEex-
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vex-Glals; ic will be manifeft, if we confider, that from eve-
ry Point in the inverted Reprefentation on the Paper, the Rays
proceed to the Eye that looks at ir, exactly in the fame man-
ner, as from the Object it felf.  For let us imagin the Point
A to be Blue, B to bedellnr, and C Red. Becaufe all the
Rays flowing from A are feparated by themfelves, and fall
in the Image on the Point F, where no other Rays intermix
with them to diltugb them, they mult needsthere reprefent Blue,
For palfling through the Glafs, it being a Diaphanous Colour-
lefs Medium, does not ac all alter them (notwichffanding che
Appearance of the Prifme,) and the Point F in the Paper be-
ing ealightened only with Rays of Blue Light, and of ic felf
being White, mdifferent to all Colours, or rather indeed of no
Colour, muft needs reprefent Blue; and fo E Xellow, and D
Red.  As to the Shape of the Object, it malt needs be exprel-
fed exact likewile s for every Phyfical Point in the Object
fending out a Cone of Rays falling on the Glafs, and thefe be-
ing formed into another Correfpondent Cone on the other fide
the Glafs, determining their Vertices in Correfpondent Points
of the Image; the Eye mult neceflarily perceive on the Paper
the lively Image of the Object, being it 15 affected in the fame
way by This, as by the Object it felf.  For from the Object it
felf the Eye recetves only a Cone of Rays from each of its
Points, and fo it receives a Cone of Rays from cach Point
in the Image on the Paper ; each Point 1n the Image on the
Paper being eplightencd by the Rays ic receives through the
Glafs ; and cqafequently the Paper, being an'Impolite Surface,
reflects thefe Rays into the whole circumjacent Medium.
¥ad. Schol. Prop. 5 1. Gregoris Optic. Promot.

Aad now that [ am on the Confideration of this Appear-
ance, it may not be improperito confider the Effect of a Plain

{mall Hole without a Glals in a dark Room. Tab. 14. Fig. 2.7 1+
reprelents a dark Chamber, in whole fide there is.a fmall Hole ~

gk
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gk, +an Inch wide; abcis a diftant Object. Now becaufe
there is no Glafs inthe Hole g k, the Rays from each Point of
the Object pafs through the Hole direétly ftraic, and reprefent
on the Wall within,atdedfef, a faintand confuled Image of
the Object : Becaule here b{) the nasrownels of the Hole, the
‘Rays from fome Points are hindred from intermixing with the
Rays from fome other Points ; as here the Rays from the Poinc
4 do not intermix on the Wall with the Rays from che Point
¢ for we fee dd do not intermix with f£.  Buc then the Re-
prefentation is confuled ; for tho {ome Rays are hereby hindred
from intermixing with fome other Rays, yer other Rays from
nigh adjoyning Points do intermix ‘with their neighbouring.
Rays, as here the Rays from a, and thole from & are blended
together in f¢, and fo thofe from c and bin de.  And if che
Hole be made fo narrow as ro hinder this communication of
Rays ina great meafure (for tis abfolutely impofiible to hin-
der it altogether) then the opening admiss fo few Rays from
each Point, that the Image is obfcure and imperceivable.
There is another Particular relating to this Appearance in 2
dark Chamber, which feems not [o clearly treated of in thofe
Optick Writers which I have confulted. l"articulari}' Zahnin
-his Ocul. Artif. Fund. 1. Synt. 3. Cap. 2. Sec. 8. gives no fatisfa-
&ory Account thereof. The Matter is thus; in Tab. 14, F. 1.
if the Image DEF in the dark Chamber be received on a Spe-
culum or Looking-Glafs inftead of a White Paper, the Eye
perceives a moft dilute and faint Image on the Speculum : Bur if
the Speculum be placed any where between GK agd D E F, and
a Paper placed as far diftanc from the Speculum before it, as che
diftinct Bafe D E F is behind the Speculum ; then the Specu.
“um {hall reflect on the Paper the diftinét Image of the Object.
The dilute and very faint Image, which the Eye perceives
on the Speculum in the fult Cafe, proceeds from the Im perfect
Politure of the Speculwm; For if it were 2 moft exquilitel
fmﬂo:i’;
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fmooth Sutface, even tha faint Image it (elf would not ap-
pear.. But'as: tis impoffible by the Induftry of Mun to pro-
cure fuch, and all Miroirs partakc in fome meafure of a liccle
Roughnefs, cherefore ivis thar we have that diluce Image.  And
the reafon we have no fuch vivid Reprefentation from a Spe-
culum (confidered as a perfectly polith'd Surface) as from a
Paper, as alfo the realon of the appearance in the fecond fore-
mentioned pofture of the Speculum, does fo depend on the
Doétrine of Reflection or Catoptricks, that I {hall pafs it over
in this place, it being manifeft to ‘any one meanly verfed in
that Doctrine,  #id. Schol. Prop. §2. Gregoris Optic. Promot.

Of Nigh Objecls, or Diverging Rays.

We have hitherto confidered the Radiating Points of Diftant
Objects both Direét and Oblique, the Rays from each fingle
Point whereof do proceed as it were Parallel. 1 come now
to the Confideration of Nigh Objects or Diverging Rays, and

- for thefe ler us look back on the 5th, 6th, 7ch, 8ch, and

gth Definitions.
Whenatlie Rays from each Point of an Object run-as i
were Parallel, we may imagin that they may be fooner or eafier

. brought.tegether, than when they Diverge confiderably, by
. caming from a nich Objeét .And that therefore 2 Convex Glals

unites the Parallel Rays nigher to it felf, than Diverging Rays.
Tab. 14. Fig.3. ab, cd are Panallel Rays flowing from one
Point of a diftant Object, thefe are united by the Convex-Glafs
bd in its Focus at f. Let bz, dg be Diverging Rays flow-
ing from the Point g, thefe are united in the Poinc &k, farther
from the Glafs than the Point £,

For we may conceive (to omit the farther Proof of this
by Geometrical Calculation), that the Parallel Rays have not
fogreat a Reluctancy to be broughe together, as the Diverg-

ing
o |
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ing Rays ; and therefore the Refractive Power of the Glafs has
not fo much to doto bring thofe togecher, as to bring thefe.
And confequently it performs the Fuf} fooner than the Latter,
or in a fhorter fpace, after the Ray’s Emerge from behind the
Glafs. And this the more, according as the Object ¢ ap-

roaches nigher and nigher to the Glafs, till ac laft it be fo
nigh, that the Rays, after they have paffed the Glafs, become
Parallel or Diverging, as I fhall {hew in the following Propo-

; AL 4
fitions.
:D:.’ﬁmrfmu.

The Focus wherein the Parallel Rays of a Diffant Object
are united, I call the Focus, fimply withour any Addicion,
fometimes the Abfolute Focus, or Solar Focus.

. The Focus wherein the Rays from a Nigh Objeét, or the
” Diverging Rays are united, [ call the Refpective Focus.
The foregoing Precepts, which I Lave given for calculating

the Progrefs of a Ra‘:_ly through a Spherical Glafs, are abun.
dantly. fufficient to find the Point of Union of Rays from
Nigh Objects, or of Diverging Rays; The Diftance of the
Objeck or point of Divergency fromthe Glafs (together with-the
foregoing Data) being given. I fhall not therefore inlarge there-
on, but Inftead thereot I fhall give thefe following {hort Rules.
in this Matzer,

Prop V.

In Convex-Glaffes, When a Nigh Objeét is Placed more Diftant
than the Focus, The Rule for Determining the Diftinét Bafe,
or Refpective Focns is Thus,

45 the Difference, between the Diftance of the Objeét, and'Focus:

I To the Focus, or Focal Length ::

So the Diftance of the Object from the Glafs :

To the Diftance of the Refpetive Focus or Diffint Bafe from
the Glafs. : Demon-
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Demonflration,

In Tab. 11. Fig. 2.

Lec ed be a Plano-Convex Glaf;,

whofe abfolute Focus we knowis about a Diameter of the
Convexity, Let sd be this Diameter. 4 is a Radiating Point
f the Centre of the Convexity, fe the Radius of the Con.
vexity produced directly tog.  ae a Ray falling on the Glafs,

produced dire&ly to y,

Here we (ee the Angle of Inclina-

tion, or Incidence of the Ray #e is qea

Let it thenbemade — <= | 1/ as:5d ::
[ fay k is the refpective Focus of|, |

the Ray ae.

Let kI be made="2kJd.
I {hall fift Demeonftrate, that by
virtue of the firft Refra&ion
which the Ray fuffers at its en-
trance on the Convex-Side of the
Glafs at ¢, "tis directed as if it pro-
ceeded f{trair towards L.

For to the Conlequents of the

- Analogy in the firft {tep add their

Halfs, and ic {hall be — — —_
And mmfounding she-adus
Here we fee s f is equal to three

Semidiameters of the Convexity,

that is, to thrice fe.

The Angle of Refradtion is y el
if cherefore we provethat ye/ is
of 4 ¢a the Angle of Incidence, it
will be manifeft, chat by the firfk
Refraction the Ray is direed to-
wards 4

ad : dk

20 as 1 sf v ad 2 dl
s iR ¥ b & Ml )
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In otder to the Proof hereof,
we lay down thefe Suppofitions.

1. In the Triangle ae [ we fup-
pofe e and 1 d qual, becaule we| .
fuppofe the Glafs of the leaft| -
Tﬁ::’ckneﬁ imaginable, and the|
Segment of a large Sphere.

2. We fuppofe likewile, that
the Angles of Incidence areall ve-
ry fmall, chat fo  Sines and An-
gles may be proportional. Tho
we could not exprels this truly
in the Figure.

Wherefore, for the Demonftra-
tion of the forgoing Pofition, in -
the Triangle aelivis— — .| gal:le=Id:ssaelisla

But the Angle a e [ is the Com:-
plement of the Angle ye/to 180
Therefore the Sine of the Angle
ael is equal to the Sine of the
Ang]c yel. |

Wherefore the 4th Step runsthus| 5, al:1d :: s.Zyel:5.Za

But in thele {mall Angles, as
the Sines are, fo are the Angles.
Therefore the §th ftands thus—| gal: Id :: 4yel i La

Then from 3 and 6 it follows—| =4yel:Zazafisf=1¢

Then in thc;;- Triple the Ante- 44 5 il

cedent on this fide, and fubtriple| |

the Confequent on the other fide,

and it will be S;JJJefrﬁa::;f:&f
Moreover, inthe Aaefitis— | 9 éfiefiisdaefissa
But the Sine of the Angle aef|: |

is equal to the Sine of the Angle

q e a, being Complementsto 1807/ ! Where-
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Whereforethe 9 may ftand thus'ioafief:: s£qea: s4a
But Sines and Angles in thefe| | :

fmall Anglf:s being proportional,

it follows from the 8th and 1oth,| |

Steps, That W1 34yel:Laz: Lqeala

Wherefore from the Analogy in the 11th, it is evident, that
the Angle of Inclination or Incidence g ea is thrice the Angle
of Refraétion ye!l; fecing three times the Angleyel, and the
Angle g e a, bear the fame Proportion to the fame Angle 4.
And this was the firft thing to be proved ;- and confequently the
Ray a ¢ by its firft Refraction at its Point of Incidence is di-
rected towards the Point ! '

It remains to be Demonlftrated fecondly, that the Ray, at
its Eruption on the plain fide of the Glafs into Air, is refracted
into ek.

For the Proof of this draw r em Parallel to the Axis. Now
the Angle of Incidence from Glafs to Air {hall be mel, the
Angle of Refra&tion ¢k, which we (hall prove to be half the
Angle of Inclination me/; or we fhall prove chat the Angle
m e k is thrice the Angle of Refraction lek. Which being De-
monflrated, ’tis certain the Ray is refracted into e £

For the Demonflration hereof we retain the Series of our
former Sceps, and in the Tri-|. |
angle ek we have it 12 le=Idilk:isdeklsdlek

Buts.Zeklisequaltos.dekf| |
being Complements to 180",
Therefore the 12th. Analogy

may ftand thus 13ld s bk s ssekf: s£lek
Andthe Angle ek fis=Zmek|
Wherefore f1gld:lk:: sZmek: s&lek

“Now the Angles being as the Sines, and Ik being by Con-
ftrution the third Part of 14, ictollows from the 14th Scep,

that
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that the Angle Te k is the third Part of the Angle mek. Where-
fore the Angle [ek is the Angle of Refraction agreeable to the
Angle of Inclination mel.  Which was to be Demonffrased.

Examplz of this Rule,

Of this Rule I fhall give this fhort Example.  Let the Fo-
1 cus of a Glals be 48 Inches; the Diftance of the Object 156,
their Difference is 108.  Then 108: 48 :: 156 : 69,=to
the relpective Focus. + '
By this Rule we r.na{l view very nigh Obje@s with Jong
Telefcopes, converting them as it were into. Microfcopes, on-
' ly by lengthning them.  Bue of this more hereafer.
Alfo from hence I (hall deduce a Method -of mealuring di- -
* ftances at one Station: but hereof alfo more hereafter,

Pror. VL

An Objelt being placed in the Focus of a Comvex-Glafs, the Rays
from each Poit thereof, after pafing the Glafs become Parallel;
Tab 14.F. 4. ABC 15 an Objeét placed in the Focus of the
" ¢ Glafs R S. The Rays from each Point of this Object flow upon
the Glals, as here we have exprefled thofe from the Points
ABC; I fay the Rays from each of thefe Poincs after paffing
the Glafs become Parallel, thofe from A being a4 a4, from B
bbb, trom C cce.  For letus imagine a diftant Object ro fend
its Parallel Ray, 4 4« from its upper Point, 55 5 from its mid-
dle Point, ¢ ¢ ¢ from its lower Point : Thefe (by whar foregoes)
{hall be formed by the Glafs into the diftinct Bale AB C. Let
us now conceive this diftin& Bafe, A BC, to be made the
[ Object ; and the Cafe is moft plain, thac its Rays muft needs
~ be remicted back again in the fame manner as they were re-
¥ ceived










[ 47 ]

ceived from the diftant Object on the fide abe, that is, Pa-
rallel.  For the Progrefs of 2 Ray is reciprocal. per Exp. 8. ¥
Vid. Prop. XXVIL

Provr VIL

If an Objeét be placed nigher a Convex-Glafs than its Focus, the Rays
from each fiigle Point thereof after they bave paffed the Glafs, do
proceed onwards ;:’iwgrging s But do not dierge fomuch as before
they entred the Glafs.

For if it be as much as the Glafs can do, by its refractive
Power to reduce to a Parallelifim the diverging Rays from an
Object placed in its Focus; it mult needs be more than it can <
do, to reduce to a Parallelifm the Divergency of the Rays,
from an Object placed nightr to it than its Focus; The Di-
vergence in this latter Polture being nmuch greatefthan in
the former, and confequently not fo eafily reduced by the /

refrastive Power of ‘the Glals.  In Tab.15. Fig. 1. cd is 3T o5

Convex-Glafs in whofé Focus at a there is a radiating Poin,
from which proceed the Rays acf, a#dm, which meeting
with the Glafs, inftead of going onwards to f and m, are re-
duced thereby to ¢ b, dk, Parallel to each other. 5 is another
radiating Point nigher the Glals than its Focus #, we may
plainly perceive the Raysb ¢, b d, diverge more than the Rays
ac, ad. Wherefore bc, bd, inftead of proceeding directly on-
wards to ¢ and », are reduced to cz, d1; Butc gand d/ doyet x
diverge, but notfomuch asb ¢, 4 4.

Definition,
Imaginary Focus,
In the fame Figure, draw g ¢, ! 4, dire€ily to Crofs in x;

I call x the Imaginary Focus 5 which is determined by che follow- y
ing Propofition, Provr.

— e T e = - - —
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Inverting, and Dividing this Se-
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J

"Tis firft manifeft, cthat the Angle of Incidence is gea; if
therefore we prove, that the Angle of Refraction ieg=/ea is
of gea, we fhew hereby, that by the fift Refrattion, the
Ray is broken as if it proceeded direétly from /.

That we may prove this, add
forefaid Analogy their Halfs,— —
find icdball heas i b sl

COMQ e — —

That is by the Scheme —~ — —
Moreoyer in the Triangle a ¢ f itis
But s £feais=s £ geabeing Com-
piements 0 180° m w i
And in thele fmall Angles, Sines
and Angles being  proportional,
the 61:11%11;11] - RN SR L

Subtriple the Antecedent on this
fide, and triple the Confequent!
0D COMEES S s AL AR e O !

Then from the 4th and 8th Steps it
tollows : :

to the Cun[%qllfnts of the
1&:::: sd::ad: dk
2as:sfuad:dl

l
3::f——d.¢:if::d!—ad:d£
4gaf:sf:al:dl
safsefusifeaisieaf

baf:efusiqeaisieaf
J.

zlqea: Leaf:: afef
|

8iqeateafaf:zef =sf

|
ssal: dl

p;qea:eaf

Moreover in the Triang. elacishigla:le=ld:sélea:st lae

ButsZlae= s £ ¢ af being Com-
plementsto 1 i o T el gl

And Signs and Angles being pro-
portional
From the 12th and gth Steps ’tis
manifeft that

——— e | ——————— —

|
wilazldi:sZleasLeaf

|
12al:dl:: Zlea: Leaf

I;i’;qi.’ﬂlfdfi: lea:eaf

Wherefore from the 1 3¢k Step 'tis evident that ¢ geais e-
qual to lea, they having the fame Proportion to. the fame

Angle eaf.

" H

 Which
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verging direétly; towards the point k; d kthe diftance of this
Point of Convergence from the Glafs, and.sdthe Focal length.
of the Glals being given, ’tis required to find 4 4; the diftance
at which this Ray converges after pafling the Glafs.

We know that the Progrefs of a Ray is reciprocal ( by Exp. 8.)
and therefore, that if the Ray ae be refracted into e b, the Ray
bhe (hall be refraéed into e a. '

Wherefore it being by Prop. VIII. — —ds —_da=as:sd:ad:dk +
Alternadng we bave it— — — — sd:dkiids —da:ad
And Compounding — — . — _ sdt+ dk:dk::ds:ad +

From which laft Analogy.this Rule arifes, for {olving the

Problem in the Corallary.

s the Sum. of the Focal Length of the Glafs and the diftance at
which the firait Ray converges direftly — — Lds-dk:

To the faid Diftance at which the fbrait Ray converges d k::

So the Focal Length of the Glafs — —d s :

To the Diftance at. which the refratted Ray converges ——ad:

Gf:ﬁ:rmriuu.

Dechales in his firft Book of Dioptricks, Prop. 48. gives a
Rule for folving this 8th Propofition: But therein he is the
moft egregioufly miftaken as ever Man was,  that pretended to
Demonftration, and commits the moft notorious Error that
can be imagined.  And yet herein he wants not his Followers,

- for Zabn in his Telefcopium Fundam, 2. Syatagir . Cap. 4. Prop. 13

tranfcribes Dechales, and copies out even his Errata Typographica,
befides the chief and great Etror of the wholeSolution. Which,
fhews that Zabn was either very carelefs, or elfe that he under-|
ftood nothing of the Matter, asindeed he feems to do very lit-
tle, for he is a mere blind Tranfcriber from others.

Ho2 'Dedmfﬁ
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Thus Ldeaz="_ 1" 11" 40"
Laez= 8% 48 10
.'IL'::,;SGI
Then aextfezx=aef= 2_""_"178 ‘0 Yo
And Compl.m’fto 180’ =gea=Incl.= 59 20
Thenas3:1:u5dqeatssieg=lea= o’ 39 50 "Ang. of Ref.
Moreover, EHIJ:-ISD—E‘:"I{--"——I_?S 48 20
ﬁndeia_.lﬂaufaf_ffa_;rief_gfr_c 31 50
Then in the Triangleeal, we havecwo Angles, ¢4 and
ela, and the Side a ¢, to find'the Side a/. Thlla,
As s Lela=o" 31" 50" Log. C. 4r. 1n;;;9;—9716

kg g o resaetts 2 0 T Al 3.6813317060
Sosslea=o0" 39 50 ._._._“_3.06;945;::497
To al=6007 — — — — — —3 77869271283

which is fufhciently agreeable to-my ;1I--6c+oo but d;ff.-:r,
valtly from Dechales ;u’-- I 1 04.0s

I now prm:.ek.d to find che Side dk, which by my Ruh: is
7200, but by Dechales 1s 105 6o.
éqez__.jm+ae =1 59 1::: '1.88 48 207 =90’ 47 40"
Lgem=qex—90 = — — — — — — — — O 47 40
mef_;ﬂrizrrg;e.iz —_ — — —— — —0 11 j0,
This is the Angle of Inclination or |ncidence from Glafs to Air,
on the plane fide of the Glafs.

Then; AS2: 3 :isL fer=Q 1¥ so rsdher=mek
—e¢kd=0a' 47 40" ' :

r‘m-_{ kex=9o—ckd=38y" 1 S 4o

Then in the Triangle kez, all the Angles, and the Side

e 3 are given, to find k d or kg (we fuppoling the Thicknels
of the Glafs inconfiderable). Thus

Radi== ? e =
Toez= 100 ~ Log. 2.0000000000
SoTang, £kex=89"12(20" 11.8580312668
To kd=7208 -*S\BS}DEIZ.‘SGS

Which:
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Which kd anfwers f{ufficiently exact to what my Rule
gives it 7200, the Eight Parts coming in for the Thicknefs
of the Glafs, and the Angles not being calculated more ac-
curately thanto 10" Seconds Numero rotundo. . Buc this is much
differenc from what Dechales Rule gives it 10560,

2. Example.

Glass Focus = 14400=sd=12¢f
Rad.oftheConv.= 7200=¢f= f d
Dift.of the Obje&t = §763=ad=azx
iBread. of theGlals= 100=¢ 3

Givenin Tab.15.F. 2.

& | = 4303

By my Ruled; ; 14412 =dk3-k |
dk=12165
kl= 6082

By Dechales, 48 Prop. d1=18247=dk4-k!
: al=12484=dl—ad

The Thicknefs of the Glafs z d is but ;% and therefore in-
confiderable, it being the Verled Sine of the Angle ¢ fz.  We
fuppofe therefore k d and k g equal.

Then by Calculation, ex Datis, we find as follows,

fefr= " © 47 40
2lfez= 8 12 20
IR e TS T 1
4laez= 89 o0 20
slae =5764

Glaef= 178 11 40

7 qea
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7lqea= 1’ 47" 10" =Inclination
8lle a= © 35 40 =Refra&tion
gieal= 179 o0 120
1olela= ""To 24’0

El al .—_-3566

Which @ [=8566 is but 17 more than my Rule gives it,
which (confidering the Inaccuracy of the Calculation of the
Angles, being only Numero rotunds to about 0" Seconds)
proves my Rule fufficiently true, and Thews Dechales as falfe,
which makes a [=12484.

Moreover, By my Rule dk is=9608, and by Dechales
12165. The Angles requifite to find dk we have thus,

g e x=06" 47" 40"
1jgem= 0 47 40
Before found--| 3la le= o 24 o=ger=mel=Inclin,
4:?IE‘RZ L] 36 c::.f:er:.ekd‘ |
skez=80 24 o

6kd =kz=09550

Which kd=9550 is but §8 lels than my Rule gives it;
and this fmall Difcrepancy may: eafily arife from the Error of
10" Seconds in the Calculation of the Angles. But Dechales
gives it 12165,

I have chofen 2 Plano-Convex Glafs to demonftrate this
Rule, which holds as true in double Convexes, ‘but would in
them ‘be more difficult and intricate to demonftrate.

e e e T .

|
|
|

e
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Propr IX

In double Convex-Glaffes of equal or unequal Convexities, the
Rays proceeding from the Diftance of a Diameter of one Con-
vexity, are united at the Diftance of a Diameter of t'other
Conwexity. -

T15.F3.  In Tab. 1. Fig. 3. Let us conceive the Glafs 4 b divided by
the Pointed Right Line a b into two Plano-Convex Glafes
ach andadb. Let the Point k be diftanc from the Glafs ac b
the Diameterof the Convexity a ¢ b, By what foregoes, Prop.1l.
The Rays ka, ke, kc, kp, <. fhall be fent parallel through
the Glafs acb, fothat they [hall becomeeg, ¢d, pg. Then
falling Parallel on the Plano-Conyex Glafs a db, they are unit-
ed thereby in £, at the diftance of its Diameter : By the fore-
going Doérine. Prop. IL.

Of Concave- Gfaﬂ%s.

Hitherto we have treated of Spherical Convex Ginﬁ.r only.
We now proceed to the Confideration of ('mmn-e-Gf.«rj]@x,

- Definition.

Vertual Focus, or Point of Divergence.

75 F.5 In Tab, 15, Fig. 5., a b c is a Plano Concave Glals, whofe
Axis is de; fgisa Rayfalling thercon parallel to the Axis
d e, d is the Centre of the Arch abc. This Ray after it has
pafled the Glafs acits Emerfion atg, inftead of proceeding di-
réctly to b, is refracted from the Perpendicular dg, and be-
comes gk. Draw gk directly to crofs the Axis ine. Icall
the Point e the Virtual Focus, or Point of Divergence.

Cdncerning
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Pror. XL
In Plano Concave Glaffes, when the Rays fall parallel to the Axis,

the Pomt qf- Diﬂt‘fgwi:s or Virtual Focus is dg?zm! from the
Glafs the Diameter of the Concavity,

Tab, 15. Fig. 5. abc is a Plano-Convex Glafs, whofe Ax-
is ed, fgisa Ray of Light failiﬁg on this Glafs parallel to
its Axis. This Ray after it has paffed the Glafs at g, is fo re-

fracted into gk, that gk being produced dire&tly backwards,
it {hall interlet the Axis in ¢, fo that ¢4 {hall be the Dia-
meter of the Cavity abec.

Firft, Let the plain Side be turned towards the Objed, as
in Tab, 15. Fig. 5. Becaufe the Ray falls perpendicular on the
plain Superficies, it is not at all refrated at its Immerfion into

the Glafs. But at g it emerges from the Concave Side of the
Glafs into Air; and its Inclination isg d b (d being the Centre
of the Cavity a b¢) and 'tis now refracted from the Perpen-
dicular dg, bythe Angle hg k, which is half che Inclination
gdb. But bgk is cqual to fge=ged Whereforein the
“[riangle ¢ d ¢, the Angle ged s half the Angle g de, and
therefore the Side g d is halt the Side ge=eb in Glafles of
large Spheres.

Secondly, 7Tab.16. Fig. 1. . Let the Concave Side ec be
turned to the Ray de. By the firft Refraction the Ray fuf-
fers at its Immerfion into Glafs at e, ’tis refradted frometo f,
and direc¢ted to the Point Kk, fo that ¢k is thrice the Semidi-
ameter n¢ (by the Xth hereof ). Through the Point f
draw i b perpendicular to the plain Side of the Glafi, and con-
tinue ¢ f directly to I. The Angle of Inclination of the Ray
within the Glafs is hfe=ifl=dek =ekc. Now the
Ray emerging from Glafs to Air, the fecond refracted Ray

Dughl:
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ought to recede from the Perpendicular i £, fo thar the Angle
g f i muft be thrice the Angle ¢ f /. "Produce g f directly
to m. Then ¢ fi fhall be equal to Ffme.” Wherefore
in the Triangle k f m; As the Sine of the Aggle kmf, or
the Sine of the Anglcfmr: : To the Sine of the Anole ff,; M.
Sofk : To fm, and {negle&ing the Thicknels of the Glals)
Sois ke: Tomc. And Angles and Sines being proportional,
kc fhallbe tomec as 3 to2; bue k cis Thrice the Semidia
meter, therefore mc is the Diameter. Which was to be De-
monftrated. '

Corollary.

In Plano-Concave Glafes, as 300 ~193 =107 : 193 ::
So the Radius of the Concavity : To the Diftance of “the
Yirtual Focus.

Demonftration.

-

Taba5. F. 5. The Inclinationis hgd=gdb=fgzx=193.T15Fs

Refracted rlngh: s 3.8 e:ﬁ:_g d= 300,

g Nl A S | sl i e TR
Ang. of Refr. k gb ._Rg-:ff— gd=300—193=107 _F_;fr;L_ = ged.
In che Triang. gde. Assiged:Tosdgde::So Rad.=gd : To ge.
Thatis— — 107 : 193 :: gd ge=eb in

Glaffes of large Spheres and Imall Segmens.

Prop XIL

IH ]—r e e . | -1.;1-'.'-:'.’1:(-_1'.' P.H-{EH&'E rE’,;}-_; f}ﬁ"t'{" ﬂr.‘f’[-il'
}rl | w4 Coint -I:){'E.’['.I;[-‘.r]‘('_" at i;-""f D{,"r:lcii:'i'ﬂ' 'U)" H;L’
rR_iIHI— the Conca ='-".J_}-',
o ihig Concave of equal Cavities, that is, Tat. 16.

m ¢ the Rad
of the Cavicy . Let the Ray de fall chereon paral-
lel to the Axis k¢, ‘This Ray, afeer it has fuffered a
I 2 double

2 : L Fig. 2
wity ec, is equal to g » the Radins ™ *
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double Refra@tion, fhall proceed in b, asif it came directly
from m, the Centre of the Cavity.

Let ¢ k be made three tmes cm, draw kel By the firft
Refraétion the Ray is propagated into ed, as if it proceeded
from k (by Prop. X.). From the Centre g draw the Perpen-
dicular gif. The Angle of Inclination of the Ray within
the Glafs is eif=1[ig. The Ray muft therefore at its Egrels
at ¢ be refracted, {o that the Angle of Refraétion hil=Kim
muft be half the Inclination i ¢.  Wherefore in che Triangle
kig, As the Sine of the Angle kig, orof the Complement
to 180" wiz. lig : To the Sine of the Angle at g :: Sok g
=4 : Toik ornk=3. And astheSines, foareche Angles,
feeing they are fuppofed very acute: Thercfore, As 4: To 3 ::
Soslig : Tothe 4g : Add hil=2 tolig=4, we have
bhig=06. Wherefore £ b ig : Is to the Angle ¢ :: As 6 :
To 3 ::or2:To1. Buc the Sine of the Angle hig is
equal to the Sine of the Angle gim; and confequently in the
Triangle gim, As Sine of the Angle ¢ 7 m : To the Sine of
the Angle ¢ :: So gm : To im. Therefore gm:Is to
im :: As2 : To . So that negleting the Thicknefs of
the Glals, mi may be taken for the Radius of the Cavity,
and gm is double thereto. Wherefore tis Demonftraced, thac
an is the Virtual Focus. Which was to be Demonftrated,

Prop XIL

In dowble Concaves of equal or unequal Concavities, the Virtual
Focus or "Po{'ﬂt of Divergence of the Parallel Rays is deter-
mined by this Rule :

As the Sum of the Radii of both Concavities :

J s to the Radius of either Concavity : :
\ 8o the Double Radius of t'other Concavity :

' To the Diftance of the Virtual Focus.
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Tab. 16. Fig. 3. fc is the Radius of the Concavity e ¢, make 75 rs

k ¢ thrice fc, lo isthe Radius of the Cavity oi; let | m be
puc equal to lo, and mn be put==1 . thatis, on fhall chen
be equal to thrice o /.

I fay the Ray de, after a double Refraction, fhall pro-
ceed in b, as if it came direétly from ¢, and char i thall
be, As f Ithe Aggregate of the Semidiameters (neglecting the
Thicknels of the Glals) : To f ¢ the Radius of one Conca-
vity :: So om the Diameter of tother Concavity : To g ¢ the
Diftance of the Point of Divergence.

By the firft Refraction the Ray proceeds in e, as if it
came dire¢tly from k, k eip being a Right Line (Prop. X.).

Then the Inclination within the Glals is gie=pil. And
the fecond Angle of Refraction is pib=gik, whichisto be
half the Angle of Inclination pil.

Wherefore Sines and Angles being proportional, and the
Thicknefs of the Glafs neglected, we thus proceed in the De-
monftration.

In che Triang. gik we
haveint i ohal el

Double the Antccedent|
on this fide, and halve the|
Confequent on tother —

Dividing the Second —

—

rgik=ptl i ik¥:: ke tige
pil—ikl(=ilk 32. 1 Eucl) :
Ir"\!' o gk-—ql({{{.‘ E .;rr_il;{j'
Thenin the Trian. kli-| 4i 1k ikl s ki=kec:il=lo
From the Third and
Fourth it follows — —

Compounding the Fifch

-

lt

ke 20l :: RKe—t ¢

! Lo e
rkr—}-af.‘:kf sty Eg ttoc

)

6 ]
Doublethe Confequents) 7kl: 2 0l=om=Iln:: kg: ¢c
Compound. the Seventh{ 8ki1-In=kn:om :: ke J-gc=ke: g¢
Alternate the Eighth—| okn : ke ::om : g¢

Buc ku is equalto 3 f 1,
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that is, thrice the Aggregate of |
the Semidiameters f c and /0. Allo
k ¢ is equal to thrice the Semidia-
meter { ¢ : and as the Triples are, |
#o are their Thirds. thrcﬂ:w]
Tfrom the gth. Step it follows — |1of1: fe:iom: ge.

&

| Which was to be Demonst.

&

Example.

Let fcbe = 8 Feet or 96 Inches

lo= 10 Feet, or 120 Inches.

Then ! {hall be = to 216 Inches.

Say thenfl=1216: fc=96:: 240=1210: 107=g0c.
Orthus, fl=216: lo=120::192=12f¢: 107=g .

Corollary.

It follows from the four laft Propoficions, that {uppofing a
Ray falling on a Concave Glas, and tending towards the vir-
tual Focus, after it has paffed the Glals, it {hall proceed Parallel

to the Axis. Becaule the Progrefs of Light thmugh Glafles is
reciprocal. . #id. Prop, VL

Scholium.

It is before Demonftrated in Prop. IV. that the Focus or Point
of Convergence of a Convex-Glafs, for the Parallel Rays that
fall obliguely thereon s at the fame Diftance, as the Focus of the
d.rect Parallel Rays. The fame may be Demonftrated concern-
ing the Virwual Focus or Point of Divergence in Concave Glaf-

b 16 1653 buc cis {ufficient only to illuftrate this Matter by Tab. 16.
P&4 Fg. 4. Let us imagine the uppermoft Poinc c}’ a' diftanc
Object
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Objeé tofend the Parallel Rays ¢ 4,7 b,¢ ¢,on the Concave-Glafs
abc, and its middle Point to fend the Raysbha, bb, bc; and
the lowermoft Point to fend the Raysi a, i 5,1 c. Here are there-
fore three Radious Cones, having their Vertices in cheir refpe-
¢tive Points of the Obje&, and their Bafes on the Surface of
the Concave-Glafs: the Axes of- thefe Cones, are gdbk,
hebl, ifbm: Thele, by what foregoes preliminary to the
Prop. \V. may be conceived to Pafs t%vt‘.’ Glafs as it were un-
refraéted.  But the other Rays of each Cone are tefracted, thae
is, g ais [orefracted at 4 into a k, as ific proceeded direétly from
d the Virtual Focus or Point of Divergence for this oblique
Cone. And o ge is refradted at ¢ into ck, as ifit Pmcccﬂcd
directly from 4. And in like manner ha, b b, bhc, are refract-
ed into al, bl,cl, as if they came frome. And the Rays iaq,
ib, ic, arepropagated in am,bm, cm, as if they proceeded di-
reétly from f. So that def is the Virtual Focus of the Glafs ex-

pofed to the Objf:::'t; that fends thefe dire&t and obiique Cones
of Rays. ' .

Converging Rays.

The Properties of Concaves expolfed to Comwerging Rays are
fhewn in thefe two next following Propolfitions,

Prop. XIV.

In Goncave Glaffes, if the Pomt to which the incident Ray conver-
ges, be diftant from the Glafs farther than the Virtual Focus of
Parallel Rays, the Rule for finding the Virtual Focus of this Ray,
15 this: ;

As the difference between the diftance of this Point from tlhe
Glafs, and the diftance of the Firtual Focus from the Glafs :
Is to the diftance of the Virtual Focys ::
So the :ﬁﬂmm: af}r’:ra':-' Point of Fi:uz-w;gen}'e Jfl‘cr:m r'ﬁ.: Glafs s
To the diftance of the Virtual Focus of this Converging Q?::f_r.r
A
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ti7.66, Tab. 17. Fig. 1. a b is a Plano Concave Glafs, d the Centre
‘of the Concavity, dao a right Line, ¢ f the length of the Vic-
twal Focus, which (by what foregoes, Prop. XL) is equal to
2 ad or 2dc; fothat fdisequalto 3dcor 3ad Letnabea
Ray of Light converging directly towards the Pointg. If it be
made according to the Rule in the Propofition, g f: fe::gc:ch.
Then b fhall be the Virtual Focus of the Ray na, that is the
Ray na after the double Refraction it receives by the Glafs fhall
proceed onwards in am, as if it came directly from b, m ab be-

ing a Right Line.

The Proof hereof is after the [ame manner wich the Prop. V.
beferegoing; and we [uppofe (asin that) the Thicknefs of the
Glafs to be nothing in Comparilon to the Focal Length; and

1 likewife that the Angles of Incidence are fo fmall, that chey are

| as the Sines; alfo that che Breadth of the Glafs is fo liccle, thar it
makes the Angles agc, adc, abc, apc, &ec. very Imall and
Proportionable to their Sines,

.’Demonﬁmrm.

Let p b be made half b ¢, and confequently the third Part of
pe. 1lay by virtue of the hirft Refraction which the  Ray
fuffers at its enrrance into Glafs at a, 'tis refracted into a k, as
if it proceeded direétly from p, pa & being a Righe Line.

To prove this we muft oblerve cthat the Angle of Inclinai-
on or Incidence is #ad=o0ag. If thereforeic be proved, that
the Angle of Refraction gak=napis 4 of the Angle nad, our
fult Pofition will be manifeft, iz, That the Ray by the firft
Refraction is bent into 4 &.

Fis(t
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Fir(t chereforé it is by Pofition] 1)/ ferzeq: ob
Add to the Confequents their
Bl - e T zgf:_[rcfr;ct{;: cp=pa
Compounding the fecond | 3le ft-fd=gd: fducy d-cp
= . a
Alfoin the Triangle gad 1| 4¢d ; ?f!z:f}dc Dsddaor=
: y sdnad: sdg =

And Sines and Angles bcing'
proportional , it follows from
Eheleh 5-:nmz':£g::£:f:;¢zd=fd’

It then follows from the gth. |
and gd-—- B e Dl BN ﬁcf{::lg!{;: Pf;

Morcoverin the Triangle e ap 7 gprpasipap=sin ap:
Jﬁg

And Sines and Angles being |
PO DT IR s i e o . 720 8lop:paz: Lnap: Lo,
: Fﬁ'ﬂm the 6% and 8 it follows gigf: .:de S s z:'p na f 1L g
From which ‘gth Step ‘tis manifeft that the fiift Angle of
Refraction, nap, isequal to '} of che fifft Angle of Incidence
nad.  Which was ficft required to' be Demonftrated.

We are fecondly to Démonftrate, that by vircue of the fe-
cond Refraétion the Ray receives on the plane fide of the Glafs
at its Egrefs into Air, ’tis refracted into m a4, as if it came direét-
ly from h. Draw ial Parallel to che Axis hg, and Perpen-
dicular to the plane fide of the Glafs; The Angle of Incidence
is lak=iap; the Angle of Refractionis mak=hap; the re-
fracted Angle mal=hai "

We are therefore to prove, that the refratted Angle'mal is
equal to triple the Angle of Refraction m a k.

In the Triangle pah we have this Analogy pa=pe:ph::
sbabp=stahe =sibai =sidmilisibap =sLdmak.
Bue p ¢ is thrice p by therefore ( Sines and Angles being proporti-

K onal
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onal) the Angle m «lis thrice the Angle mak. Which was 1
be Demonfirated. { )

Propr XV.

. I Concave Glaffes ab (T. 17.E.2) if the Paint d to which the
Ticident Ray ¢ a converges, be nigher to the Glafs than the Virtual
Focus of Parallel Raysi; the Rule to find where it croffes the Axis
at h, is this,

As the Excefs of the Virtual Focus more than this Point of
Convergency 1d :

To the Virtual Focus ie::

So the diftance ﬂf this Point of Convergency from the Glafs d e:

Tothe dsftance of the Point where this Ray croffes the Axis h e.

In the forementioned Figure 2 b is a Plano-Concave Glafs,

f the Center of the Cavity 1 ¢ the Length of the Virtual Focus

of Parallel Rays, which we know is 2 Diameter of the Cavi-

ty, thatis, =2fe. On this Glafs there falls the Ray ca con-

verging directly to the Pointd. Ificbe madeid:ie:: dezhe,

L I“ag b is the Point in the Axis, where the Ray ¢ 4, after its
|

double Refrattion, croffes it.

ﬂﬂnﬂﬂﬂrarim.

For the Proof thereof we fuppofeall that we laid down as
{'annfcd in the laft Propofition. Draw fa dire&ly to0 ¢, and
make hk equalto + he. Ifhall firft thew, thac by virtue of
the firlk Refraction, which the Ray fuffers at «, ’tis refract-
ed direétly towards k. Here the firft Angle of Incidence is caf,
=gad. If therefore we prove that kad is equal 04 ¢ af,
our firft Pofition fhall be manifeft, that the Ray, is refraét-
ed firft towards k. For
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For by the Rule itis— — —| 1fid: je:sed:eh
Add to the Confequents their

—

T e AR S 2lid: if::ed: ek

Inverting and dividing the| 3lif—id=df: if:: ek—ed

Second 4J =dk:ek

Moreoverinthe Triang. df sl gldf:af:: séfad=sLeaf:

siadf
From the 4th Stepicfollows| 5|y Zcaf: Zadf::df: 3af
=1

By the 3d and 4th itis— =| 6|i caf: adf:: dk: ek

Alfo inthe Triangle akd—| 7lkd:ka=ke:sékad:sckda
=$£;‘Idf
Sines and Angles being prop| 8k d : ke::Zkad: Zadf.
From the 6" and Sthit%ﬂﬁﬁ‘lﬂs oficaf: adf:: kad: adf

Wherefore from this gth Step 'tis manifeft that kad is equal
to § caf, which was firflt to be Demonftrated.

I thall nexc demonttrate, that by virtue of the fecond Refracti-
on the Ray proceeds in ab.

Draw o 4/ Parallel to the Axis fk, and therefore (by Suppo-
fiion 2d ) perpendicular to the plane fide of the Glafs. Here +
the Angle of Incidence from Glafs to Air {hallbe 0ak. Iam
therefore to prove that the Angle of Refraction & ¢ b is equal
to } oah the refratted Angle. Thus,

In the Triangle kab iciska=ke:kbhi:sdabk=sZahe,
=ss0ab: s£kab

And Sines and Angl. being prop. ke: kbh:: 0ab: kab

But k b is y of ke and therefore the Angle &k ab, is § of the
Angle oah. Which was to be Demonfirated.

K 2 Diverging
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DIVER GING RAYS.

Corollary.
Concerning Concawe-Glaffes expoled to Diverging Rays.

The Virtual Focus of a Concave Glafs expoled to Parallel
Rays is found by Prep. X, XI, XII, XIII ﬂndEl the Properties.of
a Congcave expoled to: Converging Raysare fhewn in Prop. X1V,
and XV.

Let us' now confider:a Ray Diverging from the Axis, as

1. F.a. flippole 2 nigh Object (F.a7. F.2.) in'h, whofe Ray ‘ha di-

verges from the Axis b ¢, and fofalls on the Concave Glafs 4 2.
Iet us conceive this nigh Object heither farther from, or nigher
to the Glafs; than the Glafles Virtual Pocus; This Ray after
pafling the Glafs diverges more; than before it ‘entred it. And
the Rule for determining the Point d, from which this Ray af-
ter paffing the Glafs does as it were directly Diverge,’ is this,

As the Sum of the diftance of the Objeét from the Glafs and,
the Glafs's Virtnal Focus:

To the Diftunce of the Object from the Glafs ::

So the Glaffes Virtual Focus : 1 :

To the-diftance.of: this. Poine of Divergency froni'the Glafs:

Demanfration.

By the foregoing XVeh Prappesdds iersdes'eh 311
And Aleernating— — — — _jezeh:: id (=ie —de):de
And Compounding — — — —iefeh: eh:: ie: de
Whichilalt Analogy gives the forementioned Rule in Words
as is manifeft by comparing it with the Scheme,
! Provr.
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The Focal Leﬂwrbs of two Convex-Glaffes being given, the lon-
ger bemg p:‘m:fd' before the ﬂmrrfr at_any given Diftance lefs
Hmn the longer Focal merr.'E “Tis requir Erl to determin the

Diftance of the D{ﬂm& ."B«gﬁ: from the (horter Glafs,

This is folved from the VIIL Propofition hereof.

Tab.18. Fig.t. c xc 15 a Convex-Glafs uniting the Paral- .3 Ei
lel Rays b¢, bc, in its Focus at k ijts a ﬂm er Convex
umtmg the Parallel Rays o f, ¢ f, in its Focus at 5. In the
Problem, £ x the 1Gngu Focal L.ength,. and s d the fhorter Fo-
cal Léngth, ;md d x the Dnﬂancc of.the (.;L:[tu, are given ;
To find i'f:_ the Point wherein the Rays Ciy Ci, are uniced
with the Axis by the Glals 'f £. |

By the 8th. ’Propnjmm: PleLcdnw tfc Focal Length ds DF
the Convex-Glafs ff bung given, and the Diftance of. an Ob-
ject da being given lefs than the Focil L-L.lg- L-E..c, to find che
Diftance d k ot the Imaginary Focus; . the ';. le 15, . As the Dif-
ference between the Diltance of the Ob ect d s and the. Focal
Lengthd s, thatis, ds—da=as : To the Focal Length ds
So the Diftance of the Object from the Glals ad ; To che Di-
ftance of the Imaginary Focus from the Glals d&. r

Now wiuuc:r.:, in the 8ch. 'Prapa;:mu dais mun, and dk
fought ; in this Problem da iis fopght, and dk is given ; {ur
dkis fquﬂ to the Difference bctw een the Focal L mh of the
longer Glafs kx, ﬂ.nu the Glafss Diftance xd.

Wi herefore by the;forefaid Sm ‘Ps opafition, andiits Corollary,
it being d s _.fl._M d.5. 53 :”t It thall be‘al] omm-
nanda :_fj «dk i dsSda : ed. . And (:anf}:'hu.n a d s -
dk+ dk i: ds i ad, o Bac_m.this qu}:.n the Thece frlt

Terms of this lal r‘Lﬁ.’Lh;gy are given, and the laft 4 d required.
i
vy 1L -
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. Wherefore Iby this Analogy, thelaft Term ad isfound. And

according to this Analogy we frame this Rule for folving this
Problem.

As the Focal Length of the fhorter Glafs A~ the Dif-
ference between the Focal Length of the longer,
and the Glaffes Diftance :

To the Difference between the Focal Length of the longer
and the Glaffes Diftance : |

So the Focal Length of the fhorter Glafs : '

To the Diftance of the Diftinét Bafe from the Glafs.

Example.

Let the longer Focal Length be x k=120, the fhorter Fo-
cal Length ds=8. The Diftance of the Glaffes dx=135.
Then xk—dx (=dk) Jds:dk::ds:ad
In Numb.20—15 (=5) +-8=13:5 ::8:3,07602.
Schol. 1. The fame Solution holds, if the (horter Glafs be
laced before the longer, and che longer Glafs at any Diftance
ﬁ‘om the fhorter lefs than the Focal Length of the fhorter.

Let the fhorter Focal Length be =8, the longer=20, and
the Glafles Diftance=6; then 8 —6=12; and the Proporgion
is 8—-6420=213:12 :: 20: 1,8182=r0 the Diftanee of
the Compound Diftinét Bafe (for fo Il call it) of thefe two
Glaffes from the laft and longer Glaf.

Corollary.

From hence is manifeft the Rule which is before laid down
after our 3d Propofition for Determining- the Focus of 2 dou-
ble Convex-Glafs. The Rule is this, 45 the Sum of the Ra-
dit of both Convexities : To the Radius of either Convexity :: So the
double Radius of tother Convexity : To the Diftance of the Focus.

For

(=T & ]

Ry e L — . -
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Throngh the Paints X, ¥, p, drawithe Lines E X¢, DY 4,
T p, acRight Angles o the Axis. . And from thePoins E; D, T,
wherein: they out the refrated Ray & £, draw the Lines E o,
Dm, Ty parallel tothe Axis. And from;the Poims o, m, ,
whete they falf on the Glals » f k, draw.chelinesog, mr,ns,

arallel to the refracted Ray & f; thefe reprefenc this Ray fb
Fal]ing uponr the Glafs n f K placed at X, Y, p,

Produce b f through the Glak to che Diftinct Bale, which
it cuts in 7, we may now, confider, go, z i, sm, as three pa-
rallel Rays proceeding from the fame Point of an Object infi-
nitely diftanr, which by the known Properties of Glafles, {hall
be collected into the Ign‘nc Point ¢ of the Diftinct Bafe with
the Ray & f. Draw therefore the Lines 04, mi, ni, interfe-
&ing the Axis in the Points x,y,25, Now, becaufe the Focus
is that Point, where the Ray falling upon the outward Glafs
is by -the fecond Glafs, collected or made to converge with
the Axis, the Points x, y, ¢, fhall be the Foci fought ; that is,

f x fhall be the Compound Focal Length for the Glafs # f &
placed in X, fy when s placed in Y; and f g when ’tis
placed in p, or when both the Glafles, touch,

Now that we may find thefe Focal Lengths fx, £y, {

ar
draw mk Paml}tl to the Diftin& Bale i hi, and i k paralle q;;;
the Axis f b We fuppole the Thicknels of the Glafles to be
as liccle as poffible, and therefore the Lines, reprefenting the
Rays, pafling through them, are firait, and not at all bent,
Wherefore the Triangles DY f, hif are fimilar. Alfo
the Trianglesmk i, m fy are fimilar.
At fhall thereforebe— — — | 1| fY:fb:: Y D (=mf): bi
Converting andCompound. | 2 | FY4fh:f Yiimf+hiimf
Buc by the Scheme — —— | 3 | m fa-hi=mk
Theretorethe 2d s thus— |4 | f Y4-f b:f Y :2 mk : mf
And by the fim. &' mki, mfy-- | 5 |mk : mf:: ki:fy
From the 4thand sthicfoll. | §1f
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Pror XVII. Pros 1.

A Convex-Glafs being given, with a Concave of a larger Sphere,
the ‘Concave being placed bebind the Convex, at any Diffance
lefs than the Focal Length of the Convex; "Tis required to find
the Place of the Compound Focus, or Diftinct Bafe of thefe
two Glaffes.

This Problem is folved by the XV. ®Propofition hereof. Tab.
18. F. 3. The Convex-Glafs x is placed fo before the Concave-
Glals ¢, that this Convex would unite the Parallel Rays bf,
bf, in its Focus at d, and the Rays ¢ d, ¢d, would crofs the:
Axis in d, unlefs the Concave e were interpofed. 'Which Con-
cave is fuppoled to have its Virtual Focus aci more diftant
than d the Diftance of the Focus of the Convex x,

Wherefore here is a Ray ¢ incident on the Concavee, and
converges towards a Point d, nigher the Glafs e than the Vit-
tual Focus of parallel Rays # ; and ’tis required to determine
the Point b, where it croffes the Axis. The Rule by the XV. .
Propofition is this, .

4s the Excefs of the Focus of the Concave more than this
Point of Convergency id :

To the Focus of the Concave i¢ ::

So the Diftance of this Point of Convergency from the
Glafs de :

To the Diftance of the Point where this Ray croffes the
Axis he: :

Now in our prefent Problem, the three firt Terms of this
Analogy are given, and the laft required. For the Problem:
gives dx the Focal Diftance of the Convex, and ie the Focus
of the Concave, and ex the Diftance of the Glaffes. Hence
we have de (=dx—ex) the Diftance from the Concave of

¥ ' the
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This is performed by the, V. Propofition hereof. Tiab. 18.
i Fig. 4. Let bzc be a Concave, on which there fall the pa-
rallel Rays n b, mc, which are {o refraéted by this Glafs, that
after pafling it, they proceed on in be, cf, "as if they came
directly from the Point 4 the Virtual Focus of the Concave,
(by Prop, X. XL XIL hereof) but in ¢ and f meeting with the
Convex-Glafs, whole Focus is on each fide it ats, 5, the Rays
diverge not to i and g, bur are refracted, fo thac they crofs
the Axis in X.
We may therefore conceive thefe Rays, not as paffing through
4 the Concave b ¢, but as proceeding direétly from che nigh Poinc
a; and then to determine the Poinc &, where they crofs the Axis,
the Rule is in the Prop. V. thus,
As sa the difference between the Focus s d of the Convex-
Glafs ¢ £, and the diffance d a of the Object from the Glafs :
To the Focus sd qf the Corm-ex-@f:ﬁ i
So the diftance d a of the OLjeck from the Glafs :
To the diftance of the refpective Focus d k.

Now in this Problem, the three frft Terms of this Ana-
logy are given, and the fourth dk is required. For the Sum
of the Concaves Focal Length and the diftance of the Glaffes,
that is, g @ 4-dz is equal to da; and 4 a—the Convex's Focal
Length that is da—sd isequal to sa.

Wherefore we folve the Problem by this Canon.

From the Sum of the Focus of the Concave and diffance of the

T Glaffes [ubtract the Focus of the Convex, that is, za4-dz—sd=
7 sa. Keep this difference, then fay,
\ As this difference s a :
To the Focus of the Convex sd::
So the Sum of the Concaves Focus and Glaffes diftance z a -
4dz=ad: '
To the diftance of the Focus from the Convex d k.

Which is required by the Problem, and is the very Ana-

| logy of our Prop. V.
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Another Solution of the Tivo laft Problems in Prop, X VIL and XVIIL

Thefe Two laft Problems were likewife communicated to
me, moft ingenioufly folved by my forementioned Honoured
Friend Mr. J.Framsteen. The Solutions I fhall give in
his own Words at large, as I have them in a Letter to me
Dated from the Greenwich-Obfervatory, Fan. 17. 168, as fol-
lows.

The Firft Problem is this, 4 Convex-Glafs being given, with
a Concave of a larger Sphere 5 the Concave being placed at any di-
Jtance lefs than the Focal Length of the Convex from it, and re-
moter from the Object 5 To find the Place of the Focus or Diftinct
fBiI f.

jThf: Second Problem is, From the fame Data; the Concave
being placed nigher the Object; To find the Diftinét Bafe.

For the Firft Problem, Tab. 19. Fig. 1. B is a Convex-Glaf, 1.15.7.:.

P is Focus, m k a Ray of Light falling upon it parallel to its
Axis, which will cherefore converge into its Focus at P. G is
a Concave-Glafs of a larger Sphere, placed upon the Focus
of the Convex; CP the Radius of the Sphere wherecon the
Concave is formed. And we are always to conceive the
Thicknefs of both thefe Glaffes where the Rays of Light
pierce them as fmall as poffible.

Draw the Line k P, this fhews the way of the Ray mk
after its Emerfion from the Convex B, Produce it both ways
at pleafure to rand . Then conceive the Concave G placed
any where betwixe P and B, as in 4, 4; From which Places
draw the Lines g 0, g0, at Right Angles to the Axis. And
from the Points o, 0, k, wherein they interfect the refracted
Ray AP; draw the Lines 0b, 04, kb, falling on the Con-
cave G in b, b, b. From thefe Points again draw the Lines
brybr, bry parallel to: the refracted Ray AP ; thefe (hall re-
prefent




......
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prefent the Ray & P falling on the Concave G placed at ¢, ¢;
and alfo when it ronches the Convex B. ' Let thefe then be

.f_.mnﬁ&efd as fo many paraliel Rays, proceeding from the fame
. diftant Point.  Wherever they {hall interfect the Axis after the
have pafled the Concave, there {hall be the true Focus for borﬁ
+Glaffes, which I (hall call the Compound Focus,  To find which
we are to remember’; |

That, as the Parallel Rays of Light falling on a Convex- ‘
Glafs,are all collected very nearly inthe fame Pointof the diftinét |
Bafe; fo alfo the Raysof Light falling Parallel to cach other |
on a Concave, after they emerge from i, divergeand feparate, |

Jas if they had all proceeded from the fame Point, which I there-
fore call the Point of Divergency (Thisyin my foregomgs Propofitions,
4 I term with moft Optick Writers, the Virtual Focus) Which Point in
||a Concave-Glafs is juft as far diftant from it, as the Point of
| Conwer gency, or Focus of a Convex of the fame Sp'nerc ot SPht‘rEs
‘is diftant from it.  We know the Focal Point is fome little nigh-
er the Glafs in the Parallel Rays that fall widef? from the Axis, |
than in thofe that fall near it; o is the Point of Diwergencyfor |
1Concaves.  But the difference is fo {mall in Glaffes of a large
|Sphere (fuch asin thele Problems we [uppofe) thac for all Rays |
falling on the Glafs Parallel to each other, it may be raken as i
a fimple Point. Such therefore we are to conceive it ; and then to
find this Point of Divergency, The Ruleis (Corol. Prop. XI.)
300—193=107 : 193:: So CP the Radius of the Plano-
Concave-Glafs: To Ph: Which in Glafles of a large Sphere,
and where the Inclination of P b is fmall, will be infenfibly
different from P g ; b ¢ being perpendicular to the Axis..  Orwe
may determine this Point of Divergence Geometrically chus,
On the Centre P with any Radius P ¢, on the void fide of
the Figure, ftrike the Archat; then make ic 300:: 193165 am
Draw P4, and from C the Centre of the Concave draw C b
Parallel to 4 P, The Point b, wherein it.cuts the Line Pk  pro-

duced
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duced’ upwards, fhall be ‘the Point of Divergency fought.
Lzy a Ruler over the Point b, and the Points &, b, b; this,
where it cuts the Axis g p produced, asin fif, fhall give all the

poffible ‘Compound Foci.

Then hg bemg Pcrpfndlcular to the Axis, produce the Lines

bo, tll shey eut it in d, 4.

Then the Tmnwles hP g, oP g are fimilar:
% milar alfo.

Trianglesh f ¢, b )‘ P are

It will then hold ob fimilia
'.'!'Ji':m"u:'f: fJP g, 0Pgq
Dmduw the hrﬁ B Sreie
That is,
Moreoyer by Simil, Triang,
""fe;: b](P —————
From the 3d and 4th it fnL
IS SRt CI el e
And Compound the §th-—
ShaEE S EY o B ode ]
And Dividing the 7th —
fPiHes dolit Taniy T ooy
But b :#P_JJE} and fo
likewife ﬂP._q P, {thr: Incli-
nation of kP, as is {aid before,

— — e e m—

’ btm ﬁ1$p0&t1tery {mall ;and
] thf: Glal
of large Sphf:rc,} Wherefore

the pth IS-EhstEL 208 v o 43 |

of {mall Sf:crments-

likewile the

1hP oP:ihe:de
z.":P_ﬂl‘:al}::bfg—ﬂfg:d:;
3|bo: oP::hd:dr=0q
glbd: dg::hb:bf
stho: oP:: hb: bf.
63}&-1-0?'.0?::.’15-}-5](: !'7f
7(bP 't 0P bf: bf
SfJP__.ﬂP:oI}::fJf_bf:ﬁf
olbP —oP:0P::hb:bf:
10gP—¢gP: qP::gP:bf. F

Focus of the Concave|11|=gP=hP.

Focus of the Convex
ftance of the Glafles|13|=z7 4
Fo. Convex —Gl. dift.

Buc by Pofition <.

121=xL.

:.:!T P:;{“P-—{{I-

Wherefore
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ceeds again Parallel : Ifthey are unequal, then cicher the Semi-
diameter of the Convexity is lefs than the Semidiameter of
the Cavity, and then the Convexity ‘prevails, and the Glafs
¢has a Real Focus . Or elfe the Semidiameter of the Cavity is
lefs than the Semidiameter of the Convexity, and then the Ca-
vity Pr-::vails, and the Glafs has. only a Pirtual Focus.  Bur of
oifev.  thele more fully in the following Propofitions; This Obferva-
tion being premifed, That the Focus of a Menifcus, the Semi-
diameter of whofe Convexity is lefs than the Semidiamezer of
the Concavity, and thele two Semidiameters being given, is
eafily decermined by Prop. XVII preceding. = For in that Pro-
pofition, two Glaffes are given, one a Convex, and tother a
Concave, and the Focal Length of the Convex is fhorter than
that of the Concave. And whereas in that Prop. there is given
adiftance between the Glafles, let us conceive this Diftance to be
Moothing, that is, let us imagine thele Glafles to rouch ; and their
Refults a Menifcus whofe Focus is determined by the {ame Rule
in that Prop. Which is this,

As the Focal Length af the Concave — the Focal Length of
the Convex - the Glaffes Diftance :

To the Focal Length of the Concave::

So the Focal Length of the Convex — the Glaf]es Diftance :

To the Diftance of ‘the Diftinét Bafe from the Concave,

But becaufe we fuppole, inthe Cafe of a Menifcus, the two
fides of the Gla§ to touch, that is, che diftance of the two
(Glafes to be nothing ( for every Menifcus may be conceived
divided into two Glafles, a Plano-Convex, and a2 Plano-Con-
cave) or the Thicknels of the Glais to be inconfiderable -in
Comparifon of the Focal Length. - The forefaide Rule apply-
ed to a Mentfcus {hall be chis,

A
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4s the Focal Length of the Concave __ the Focal Length of
the Conwex :
To the Focal Length of the Concave ::
So the Focal Length of the Convex :
To the Diftance of the Focus of the Menifcus.

Now if we have given the Semidiameters of the Convexity
and Concavity of a Menifcus, we have given the Focal Lengths
of the Plano-Convex and Plano-Concave of which this Menifcus
is compounded. = For thefe Focal Lengths may be affumed the
Doubles of the Semidiameters, wherefore Halfs being as their
Wholes, the forelaid Rule for finding the Focus of a Menifcus
may be chus exprefled,

As the Difference of the Semidiameters of the Convexity and
Concavity :

To the Semidiameter of the Concavity: :

So the Diameter of the Convexity :

To the Focal Length.

Which is the Common Rule affigned by Optick Writers.
But of this more fully hereafter Prop. XXIII. And tho this Rule|
in General were fufficient for determining the Foci of Menifcus-!
Glaffes, yetI fhall inlarge more fully thereon in the follow-
ing Propofitions.

Pror XIX.

In @ Menifcas, if both [pherical Superficies have the fame Diame-
ter, the Ray that falls thereon Parallel to the dxis , after its
fecond Refraétion proceeds again Parallel.

Tab. 20. F. 1.mn is a Menifcus, b c the Semidiameter of the
Convexity ec, fa the Semidiameter of the Concavity i 4, de
a Ray of Light Parallel to the Axis kg. I fay this Ray after
a double Rcf%arﬁ‘tion, one at ¢, and t'other ats, proceedsinih
Parallel to & g.

M 2 We

e o
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We here fippofe the Thicknels of the Glafs inconfiderable
in refpec of the Semidiameter of the Sphere on which ’is formd;
and therefore we whally neglect it.
We fup fe alfo that Sines and Angles and Sides in thefe
il ¥ {mall Angles are Proportional.
f  Let gc=ga be made Triple bc=fa, the Ray de by its
f ‘ firft Refraction at its Ensrance into the Glafs at e is refracted
| towards g, eig being a Right Line ; at # the Ray emerges from
the Glafs on the Concave Surface i a. Draw £ . Now the Angle
of Inclination within the Glals is lie={fi¢, and if the Ray be
refracted into i b, the Angle of Refraétion is hig=ig f, which
ought therefore to be ¢ the Inclination fig, and, thaticis fo,
I thus prove.
~ Inthe Triangle gif, Asgf : Toif:: 50 the Angle
{ gif: To the Angleigf. Bur g f is double:f, therefore
£gifisdouble Zigf. Which was to be Demanfirated.

Pror XX

In a Menifous, if the Semidiameer of the Concavity be triple
the Semidiameter of the Convexity, the Focal Length is equal
to the Semidiameter of the Concavity. '

This is moft evident, if the Convex-fide be turned to the

Tas,F2. Ray, as Tab. 20. Fig. 2. biis a Ray parallel ro the Axis 4 b,
d ¢ the Semidiameter of the Convexity, feig, be=3dc the
Semidiameter of the Concavity fekg. The Ray, by the firft
Refraction it fuffers on the Convex Surface at 4, is directed

to concur wich the Axis at a Diameter and an half of the
Convexity, that is, inb. But b is the Centre of the Concavity;
 wherefore the Ray i k within the Glafs falls perpendicularly on

. the Concave Surface fk g ; and therefore is not at all refra-

directly in ikb,  Which was to be Demonfbrated. Bur

\é’red by its Emerfion from the Glafs, but proceeds onwards.
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But let the Concave-fide be towards the Ray, as Tab.20:
Fig. 3. fc is the Semidiameter of the Convexity ic, g k=3 fc 12073
the Semidiameter of the Concavity ek, de aRay parallel to
the Axis, produced directly to m. Let ¢ be made equal to
gk, I fay the Focus fhall be at [, ! ¢ being equal to the Se-
midiameter of the Concavity. Draw geo. The Angle of the
Rays Inclination on the Concave Surface isd eg=o0em (Ang, «
ad Verticem) and the Ray by the firft Refraétion it receives on
the Concave Surface at e is [o refracted as if it came from the
Point b diftanc 2 Diameter and half of the Concavity then draw
hein directly. Here men=deb=ebhg is the Angle of Re-
fraction, which is cherefore : of the Inclination deg=¢ ¢ k=
oem. Burwe fuppole, as the Angles {o are the Sines, and fo-
are the Sides. Wherefore in the Triangle egh, s£eg b=sz egk:
stebk::eb=kbh:eg, that is, ZLegk:Zehk :: kb:eg.
But the Angle e g k is equal to 3 Zeb k, and ctherefore kb is
equal to 3 eg, and confequently ¢ is double egor ¢ k. From
£ the Centre of the Convexity draw fip, thisis perpendicular »
to the Convex Surface ic. Wherefore lecing g bis double g &,
and gk is triglc feor fi, hf (hall be oétuple fi (by the
Scheme). And the Second Angle of Inclination b f on the
Convex Surface fhall be o&tuple of the Angle ac b, becaule
their Correfpondent fubrending Sides are as 8to 1. But f:i_f
is equal topin (Ang.adVert.) And becaule at the Rays Egrels
from Glafs to Air, the Anglé of Refraction ni! oughe to be
half the Inclipacion pin, folet it bemade; and cthen feeing the
Angle pin is oftuple the Angle at b, its half ne!l {hall be
quadruple the Angle at b; from the Angle nil fubtract the
Angle nim=dib=14b, there remains the Angle mil=ilf=

Zh; wherefore the Angle at | and egk=3 elh kare equal.
And then in the Triangle e /g ( neglecting the “Thickaefs of the
Glafs) eland eg, or ¢land k g the Semidiameter of the Con-

cavity are I.’.'CIUH.L Which was to be memry}mfrJ.
Obferwation.
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Obfervation.

This is the 28ch. Prop. of Dechales Firft Book of Dioptricks,
which he there huddles over in a2 moft confuled manner, omit-
ting {everal Steps in the Demonftration. Zahn has the fame in

Fund. 2. Syntag. 1. Cap. 7. Prop. 32.and tranfcribes from Dechales
not omitting his very Errors,

Pror. XXIL

Tn a Menifcusy the Semidiameter of whofe Convexity is triple the
Semidiameter of the Concavity, The Virtual Focus is diffant
the Semidiameter of the Convexity.

Tab.20. F. 4. abis the Semidiameter of the Concavity 5 d,
kc=3 ab is the Semidiameter of the Convexity c f, r 42 Ray
parallel to the Axis ke. This Ray by the firlt Refraction it
receives on the Concave Surface at d, is refracted into d o, as if
it came directly from the Point k (by Prop. X.), whereforede
falls perpendicular on the Convex Surface (by Def. 10.) and
- confequently is not refracted ac its egrels from the Glafs (by
Exp. 3.) wherefore the Virtual Focus is at k.  Which was to be
Demonftrated,

Prop. XXIL

In whatever Menifcus wherein the Semidiameters of the Convexity
and Concavity are unequal 5 The General Rule that affigns the
Focus either Real or Virtual s this,

As the difference of the Semidiameters

To cither of the Semidiameters, whether of the Convexity or
Concavity ::

So 15 the Diameter of the other Surface :

To the Focus Real or Firtual, (Cafe




e
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(Cafe 1.) I {hall demonttrate this Propofitionin Three feveral
Cales, and the Fieft fhall be, Where the Semidiameter of the
Concave is greater than the Semidiameter of the Convex, but
lefs chan triple the Semidiameter of the Convex.

(Cafe 2.) Wherein the Semidiameter of the Concave is great-
er than triple the Semidiametér of the Convex.

And in thefe Two Cales the Glafs has a Real Focus.

(Cafe 3.) Wherein the Semidiameter of the Concave is lefs.
than che Semidiameter of the Convex, and then the Glafs has

only a Purtual Focus.

ﬁ =

“Tis here fuppofed, that the Breadth of the Glals is folictle,
and the Angles fo fmall, char Sines and Angles and Sides may
be proportional.  For an Angle, we often affume its Com-
plement to 180, as having the fame Sine. .

“Tis fuppofed likewile that the Thicknefs of the Glals is in-
confiderable, and therefore tis wholly neglected.

Firft therefore forthe Firlt Cafe. Tab. 20.Fig. 5. Letde be T20.Fs.

a Ray parallel to the Axis ¢k, fc is the Semidiameter of the
Convexity ec; g/l is the Semidiameter of the Concavity o /.

Make he triple fec.

Then by the firft Refraction the Ray fuf-

fers at e, ’tis direted towards b (by Prop.1.). Wherefore the
Angle of Inclination upon its Emerfion from the Glafs is g o ).
Let the Angle of Refraction hok be made half gob. Then
k isthe Focus, and it being {o made, If{ay, the difference of
the Semidiameters=f g : Is to f¢ the one Semidiameter :: As
2 ¢ | the other Diameter : To ck the Focal Length.

Demonflration.
In the Triangle hog — —

Moreover in the Triang. hok

Fromz and 3 it follows—| 4fhg :

. z.'mg: ﬁabg
And therefore — — — ' 2lihog=hok:obg:

g :bq:

2glivibkiskl

). f,rg 1ro=g/

20l

3 f:ruk\:abg:: hk:ok=k!

By

4




[

By permuting the 4th. — —
Compounding the sth. —
But k!is equal to kg -+

2 I, therefore —.——
Wherefore the 6th. runs thus
By permuting the 8ch. — —
Dividing the gth.
And permuting the 10oth. —
From 11 and 6 it follows —
And confequently from 12
Dividing the 13th. ——

88 ]
22t 2 hli:bg it bk
2gl4-Rb:kl:bg bk =gh:bk
i 2gldki=2gl4-kgtgl=
3 gl4-gk
83gltgk:kl:igk:hk
o3gl+gk:ghk:i kl:hk
wol3gl:gk tiki=hk=hl: bk
13 gl:hl=3fl:: gk:bk
12{3gl:3 flicagldki: ki
13lg L2 fl caia g b ikl ; ki
1\ gl—fl=fg:fl=fci:i 2 g1:
kl=ke: !

For the Thicknefs of the Glafs is neglected, and therefore we

aflume kil=ke.

. Bur this 14th. Analogy fg : f¢
pofition which was to be Dcmon(g:atcd.

Is the Pro-

M B e

Note, Zahn does again in this Propofition tranferibe from
Dechales, and copics the very Miftakes of the Prefs. But in
our foregoing Demonftration all is rectified.

Corollary.

Becaule

fv= ficis
™ It fhall alfo be—fg : g/ ::
For if it be —fg : fc::
Then Permutingfg :201/::

ke
2K
k¢
4

22
2 f
4

-
L]

"

=

!
¢
[
C

_ Then halve the firft Conlequent and double the laft Antece-

Tdent, and icfhall be fg: gl ::

to ke Demonfirated.

Ta2o. F.6

2fec: ke Which was

In the 2. Cafe, Let fc, Tab.20. Fig. 6. be the Semidiams-
ter of the Convexity e c. Make ch equal to 3 fe.  Let
be the Semidiameter of the Concave fo, de a Ray para

[
fﬁ:l
to




Unable to display this page



Ta1.F.1.

[ 90 ]

Laftly in the third Cale, Tab. 21. f. 1. f1 is the Semi-
diameter of the Concavity i/, n¢ the Semidiameter of the
Convexity ¢ ¢. Let ¢m be made Triple nc. de is a Ray
Parallel to the Axis k m. this Ray by its Firt Refraction
proceeds in edm; ati it emerges into Air on the Concave
Surface. Draw the Perpendicular fig. The Angle of In-
clination on this Concave Surface is eig=fim, ad Vert.
Let the Angle of Refraction b i m be made equal to ! finn
as it ought to be. Then, I fay, the Ray Proceeds after its
Second Refraction in i b, as if it came directly from the
Virtual Focus &, and that then ic {hall be, as nf : nc ::
2" ke

Demonfration.

In the Trian. mif — — Limif s Lm i fm: fi=fl.
Therefore tmif=bim:Zm::fm:a2fl
Alfo in Trian. m ik — — |3|{4m ik or its Compl. £ bhim :
Zm:imKk:ik=kl,
From 2 and 3 — — — Wfm:2fl::mk:kl=kc neg-
lecting the Thicknefs.
Dividing 4 — = =~ ="§klifm—z fl:2fliimk=kI=
ml=mc:kec.

But by Pofition in the Scheme [fm'_zfizmi._,; fl
Wherefore the 5th Runsthus [7|m! (=mc) —3 fl:2 fl::ml

—mc : ke.

And Permutingy — — — [8mc (=3nc) —3fl:me::
| 2fl:kc

And therefore e o= — —ginc—fl=nfiz4me=nc
- 2fl: ke

ich was to be Demonflrated.

Coral-
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ﬂmm{?rarfﬂn.

By the firft Refraction the Courfe of che Ray is through e/,
bue at i it meets the Concave Surface, and emerges from thence
into Air.  Now the fecond Angle of Inclination is bi [, for bi

+is perpendicular to the Concave Surface.  But the Angle lif
.+ s ( by Conftruction) To the AnFIc liq:: As107: To 193.
Wherefore [i f is the fecond Angle of Refraction agreable to
the fecond Angle of Inclination b1/ ( by Exp. 6.) Wherefore

i p f is the refracted Ray. Which was to be Demonfbrated.

Calculation of an Example.

Let the Semidiameter of the Convexity ae=ad be given
10000. and the Focal Diftance df=fi 63000.

Let us fuppole the firft Angle of Inclination ke a to
be 5°. 0. 0"

Then as 300: to 107 it s.4dkea: s.4ila, which is the
firlt Angle of Refraction = 1. 46" 50". Wherefore ilf=
178713, 10n

Alfo ( by Prop.1.) As 107 : 300:r ae=1000e : To
el=1l=ld= 28037.

Then in the Triangle i f /;we have the three fides and the An-
gleilfyto find the Angle,i fI=0". 47".30"and fil=0".59"20".

Say then, As 107: To 193 :: s.£f1l:541iq which we f{hall
find to be 1°. 47 o". :

And fil-lig=fib=2" 46. 20". Alfo 180> —fib
ifl=ibf=176".26. 10" ' ' »

Laftly in che Triangle fi &

As s.libf = 1767 26~ 20" Log.comp.ar. 1.2064785633
Toszifb = © 47 30 8. 1404059077
So if =63000— — — — — — 47993405495
To bi ="14000— 4. 1462250105

Whege-
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Wherefore I fay that a Menifeus , whofe Convexity hath

the Semidiameter 1ooco, and the Concavity the Semidiameter
14000, has its Focal Length 63000.

Further Proof.

To Prove this by fome of the foregoing Rules for finding
the Focus of a Menifcus. Let us conceive fuch a Menifeus to
confift of a Plano-Convex Glafs, and 2 Plano-Concave Glafs.
And the Semidiatneter of the Plano Convex to be 10000, and
the Semidiameter of the Plano-Concave 140c0. Then to find
the Focal Lengths of thefe Glaffes feparacely, fay,

By Corol. Prop. 1. 1071193 :: 10000: 18037 = Fo. Conz.
And by Corol. Pr, X1, 107: 193 :: 14000: 25252 = Fo, Conc.
Diff. 7215

Then by the Obfervation Preliminary to Prop. XIX. 7215 :
25252 :: 18037 : 63128 = to the Focal length of fuch a
Menifeus.  Which comes fufficiently nigh 63000, confider-
ing the foregoing Angles are Calculated only in Round Num-
bers to every 10" leconds.

What is here performed by fuppofing the Firlt Angle of
Inclination kea=35'. 0. o', may be likewife done fuppofing
ic of an other Inclination, and as the Angle is fmaller 1t will
be the more exact.

Propr XXIV.

An intire Glafs-Sphere Unites the Parallel Rays at the Diftance
almaft of balf its Semidsameter bebind it.

*Tis here i_uppal?:d that the Incident Rays do not fall di-
ftant from the Axis more than 20 or 30 Degrees.

Tab.
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AL T, 21.f. 3. a k is a Glafs-Sphere. On the Point d there

falls the Ray b d Parallel to the Axis a k. I fay this Ray

after 2 Double Refraction concurs with the Axis in che

Point £, fo that fk is almoft half the Semidiameter of the

Sphere. -~

c is the Centre of the Sphere , make kb equal to the

Semidiameter ¢ k, then « b is a Diameter and Half. And

the Ray & d by the Firft Refraction proceeds in d e direct- F

ly towards the Point h. But at e it emerges from Glafs
to Air. Draw the Perpendicular ¢ eg, the Angle of this
={econd Inclination is ced=g eh. Now the Ray inftead of
proceeding direétly to b is refracted from the Perpendicu-
cue~ lar e g by the Angle feh, which is therefore to be half
, ced And that it is fo, T thus prove. ced is equal to
T echtebc (32. 1. Eucl.) but ech and ehc are to fenfe
; equal , their Subtenfes ¢ b and ¢ ¢ being very near equal :
wherefore ehc is half ced. But ebcis equal to feh (their
Subtenfes fe and fh being as to fenfe equal ; for fk by
fuppofition is equal to fh, and fe is very near equal to

; fk, therefore fe is almoft equdl to f k) and confequently
the Angle febis half ced or gebh. Which was to be De- M
monfErated. :

Pror. XXV,

A Glafs Hemifpbere Unites the Parallel Rays at the Diftance
of a Diameter and one third of a Semidiameter from the

Pole af the Gidj}.

1254 Tab.21.f. 4. adc is a Glafs Hemifphere, b d a Ray of
Light Parallel to the Axis a b, This Ray after a Double
Refraction Croffes the Axis in the Point f, /fo that fe is
a Semidiameter and one third of a Semidiameter, Make ck

and
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As ¢ d the Diltance of the Objed from the Glafs: To ed
the Diftance of the Image from the Glafs : : So 4 ¢ the
Objects Magpitude : To g ¢ the Magnitude of the Image.

To fhew this, we are to remember the Premiles to the
1V Propofition. For by them we fhall find, that the Axes
ad, and cd of the Luminous Cones k am, kcm , may

+be confiderd as paffing the Glafs unrefracted. Becaufe that
‘after they have paffed the Glafs and become d g, de, they
proceed Parallel co their Courfe before they entred the Glafs.
'So that in Glaffes of large Spheres, and [mall Segments,
‘the thicknefs of the Glafs being inconfiderable in refpect
lof the Focal Diftance, we may negleét it. And then we
have here two Similar Triangles ad ¢, gde; For Zadc is
equal to Zedg (15.1.Eucl) and the Side ¢ g is Parallel to
the Side @ ¢ (by fuppofiion) and confequently the Angle
cad is equal to the Angle e¢d (29.1.) and acd is equal
to the Angle ged Wherefore it{hallbecd:ed::ac:ge.
Which was to be Demonftrated.

Note. From hence appears the Miftake committed by
Monlficur Comiers in DeBlegny's Zodiacus Medico-Gallicus.  An.
ytio. pag 117. Who fays, Diameter Imaginis Solis in Diftin-
¢ta Bafi obtinebit ad minimum in fua Diametro Funem fen Chor-
dam Dimidu Gradus magni Girculi Sphere, cujus Vitrum eft feq-
mentwm. Whereas it fhould be, Magni Circuli Sphere, cujus
Radius ¢ft Diftantia Focalis Vitri.

What is here Demonftrated concerning the Real Image

of a Convex Glafs may be accommodated to the Virtual

Image of a Concave.

Scholinm.

But if we are yet more lcrupulous, and will confider
alfo the thickaels of the Glafs; Then the Point within the
Glals
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Corollary v.

It follows from this Prop. XX VL. That the Diameter of the
Sun fubtending an Arch of 32 Minutes in a Grear Circle
of the Heavens, the Diameter of the Sun’s Image, Repre-
{ented in the Diftinct Bafe of a Convex-glafs, fubtends an
Arch of 32 Minutes in a Circle,, whofe Radius is the Di-
ftance of the Diftinét Bale from the Glafs.

But Tab. 23. Fig. 1, b is a Convex-Glafs, 245 a Ray of
Light proceeding from the Sun’s Eaftern Limb, d/ a Ray
from its Centre, ¢ b 2 Ray from its Weftern Limb. Let
the fingle Glals b Reprelenc the Image of the Sun in the
Diftinét Bafe b qi, and let us fuppole the Sun's Diameter
to be 32' Minutes. Draw bbh, bq, bi. Let exz f be an
other Plano-Convex-Glafs, fo placed behind the Glafs & that
both thefe Glafles rogether (according to Prop. XVL) may
Reprelent the Sun’s Image in cthe Diftinét Bafe kpo: 'Tis re-
quired to find the Breadth or Diameter & o of this Image,
from thefe Data, bbqthe Angle of the Sun's Semidiamerer
116 Minutes, bg the Focal Length of the Glafs &, b f the
Diftance of the Glaffes, p f the Diftance of the Diftinét Bafe
from the Glafs fx, ¢ ¢ the Radius of the Convexity ¢ xz,
or inftead thereof, the Focal Length of the Plano-Convex
GE}.:.[‘S e x 3 f, for having one we may eafily obtain the
other.

We fuppole that the Central Ray dbxq is Co-incident
with the Axis of the Glaffes.

Firfk cherefore in the Right Angled Triangle hbg; we have
the Angle h ¢ (and confequently b h g=bef) and b 4 to find hy.
(2) Thenbf+-fp=>bp. Andbq:hq::bp:pn:ibf:ef.

(3) In the Right-Angled Triangle ef g, ¢ f and e ¢ are
known to find the Angle feg.

{4) 180
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(4) 180 —bef—feg=yeb=geh, Which is the Angle
of the Inclinacion of the Ray b e on the Convex furfacee x.

(5) 300:193::5.4begis.Lhel, Wherefore the Ray
by its firft Refraction would proceed in e/,

(6) Draw me Perpendicular to the Plane Surface ¢ £, then
ef=mp. Andme=pf. And np_mp=nm; Andthe Angle
nemis =to qbh, Andhel _nemis = romel, Which is
the Inclination of the Ray on the Plane Surface ¢ f.

(7) Then 193 : 300 :: s.imel : 5. Lmek,

(8) In che Right-angled Triangle mek, me and the Angles
are known to find m k.

(9) Laftly nm 4-mk = nk, and pn _nk=pk=sko;
Which was required to be found.

Corollary 2.

The foregoing Trigonometrical Calculation in the firft Co-
rollary I had from my Efteem’d Friend Mr. Jobn Flamflced Aftr,
Reg. Bur Inftead thereof, or as an Additament chereto, Ifhall
{ubftitute this Problem.

To Determine the Breadth of the Diftinét Bafe Refulting from
the Combinations of Glaffes expreffed in Prop. XVI, XVII, XVIIL
There being given (together with the Data in thofe Propofitions) the
Breadth of the Object, or the Angle it [ubtends before the outer-
most Glafs, And if it be a nigh Object, its Diftance from the ou-
termoft Glafs.

We here fuppofe our Glafles of the leaft Thicknefs Ima-
ginable, or that all the Refractions are performed in the Right
Line, that paffes through the Glafles Bréadth at Right Angles
to the Glafles Axis, for avoiding Confufion in the Schemes.

0 2 Where-
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Wherefore in Tab. 24. Fig. 1, 2, 3, 4, 5. b is the Glafs next

% the Obje&, whether Convex (as in Prop.16,17.) or Con-

cave (as in Prop. 18.) We fhall take the Sun for our Ob-
ject, and fuppole 2 ba Ray proceeding from its Eaftern Limb,
d b aRay from its Centre, ¢ b a Ray from its Weltern Limb.
Let the ﬁngle Glafs b, in the firlt and fecond Figures, Repre-
fent che Image of the Sun in the Diftinét Bale hgi. The
Breadch of the Bafe bgi is eafily obraind fromche Data. Let
¢ f z be another Glals, fo placed behind the GlaG 4, thar
both thefe Glales rogether may Reprefent the Suns lmage in
the Diftin& Bale & po, Tis required to find the Breadch or
Diameter k o of this Image from thele Data ; b4q the Focal
Length of the Glafs b; The Breadth of the Image ki, ogche
Angle abe=ebz; TheFoca] Length of the Glafs e z; The
Duftance of the Glafles b and p f the Diftance of the Diftin&
Bafe from the Glafs ¢ z,

Through p at Right-angles to the Axis dsb f p of the Glaf-
fes draw k po infinicely.  Ficft from thefe Daca, let us obtain
the Breadth of the Glafs e z, where the Rays be, bz, meet
it, or its half breadth ¢ £,” which is eafily haJ in the Right-an-
gled Triangle ¢ f b, the Angle ebf, and the Side f & being

iven.
: Let us then confider & as a radiating Point,  either farcher
from or nigher to the Glafs ¢ 3 than its Focus; And by Prop.V.
and VL for Convexes, and by Corol. XV. for Coneaves, let
us determine the Refpective, Imaginary, or Virtual Focus s,
whereby we obrain fs. From s draw se, sz, direétly;
Where thefe Lines se, s z, meet che Diffinct Bafe ink and o,
theze the Breadeh of the Diftinét Bale is determin'd ; To ob-
win the Mealure whereof, fayas sf: fe:zspiphk=po=. ko,

And note that in Fig. 1 and j.sp=sf—pf. Buin Gy

2, 45 50 S p=5 fHF 1.

Corol-
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a Radius, that it may Unite the Parallel Rays at4, which fhall
¥ be by making 3 i the Radius : 1fay the Glafs z x {hall pro- -
ject the Image of a b under the given Meafuremn. Thisis fo
manifeft from Prop. IX. together with the foregoing Doctrine,

chat it wanes no farther Explication.

Note. I have here confider'd the whole Thicknefs d 4 of che
Glafs in Conformity to Gregory's Propofition.  But what fore-
goes concerning the Confideration of the Glafles Thicknefs
may be apply'd here.

Pror XXVIL

The Objett and its Tmage in the Diftinét Bafe are Reciprocal.
vid, fPrﬂP.VI.

Tab. 22. Fig. 1. abc being an Object, and the Convex
Glafs k m Reprefenting the Image thereof in the Diftinct Bafe
e fg. Let us now conceive ef g an Object, I fay the fame
Glals k m the {ame way pofited fhall project the Image chere-
of in the Diftinét Bafe ac ¢ b c.

This does neceflarily follow from the precedent Propofi-

tion, and from Exp. 8. And therefore needs no farther De-
monftration.

Corollary.

. Hence it follows that the Image in the Diftinét Bafe may

% be fometimes larger than the Object. On which depends the

Doctrine of the double Microfcope, as hereafter fhall appear
more fully.

Let us imagine the Image of the Sun projeted in the Focus

of a Convex-glafs, And let us now conceive the Converfe,viz.

That this Image were now the Real Sun, the Diftin& Bale

of
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of this would be as Large and as Remote as is now the Real

Sun. So that every Convex-glafs may be conceived to have ™

two Foci, or Diftinét Bafes; oneacthe Object, tother at the

Image.
Pror. XXVIIL

The manner of Plain Vifion with the naked Eye is expounded.

Tab.25. F. 1. abc isan Objet, i k ['e m is the Globe gkl %

« F. L

the Eye, furnifh'd with all its Coats and Humors ; But in this
Figure we have only exprelled the Cryftalline Humour Zlob,
as being Principally concern’d in Forming the 'Image on the
Fund of the Eye.

(1) From each Point in the Objedt we may Conceive Rays
flowing on the Pupil of the Eye 1 & ; as liere from the middle
Point b, there proceed the Rays bg, 6o, bh; Thele by
means of the Coats and Humours of the Eye, and efpecially
by the Chryftalline Humour g b, are refracted and brought to-

gether on the Retina or Fund of the Eye in the Pointe, and
there the Point £ is reprefented.  For we may conceive the Cry-
€talline Humour ¢ b as it were 2 Convex-glafs, .in the Hole
of a Dark Chamber ilm k, ‘and that de f 1s the Diftinét Bafle
of this Glals, * What is here faid of 'the Point 4, and its Re-
prefentation at e, may be underftood of all che other Points
in the Objeét, as of 2 and ¢ and their Reeprefentations at f
and d.

(2) And as in a dark Chamber, that has a Hole furnith'd
with a Convex-glafs, if the Paper, thatis to receive the Image
in the Diftin&t Bafe, be eicher nigher to, or farther from the
GlaG, than its due diftance, the Reprefentation thereonis con-
fufed ; For then the Radious Pencils do not exactly determine
with cheir Apices on the Paper; Bt thofe from one Point are
mixe and confufed with thole from the Adjacent Points: fo in

che
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Paft finding oty and by ws unfearckable. . But of this Moral truth
we may be aflured, That He that made.the Eye (hall fee.

(4) We arelikewife to oblerve, that the Reprefentation of
the Objeét a b on the Fund of the Eye fed is Inverted.  For
fo likewife it is on the Paper in a dark Room ; there being
no other way for the Radious Cones to enter the Eye or the
dark Chamber, but by their Axes a0, bo, co, croffing in
the Pole o of the Cryflalline or Glafs. And here it may be
enquired ; How then comes it to pafs that the Eye fees the Ob.
jeét Erettz But this Quary feems to encroach too nigh the en-
quiry into the manner of the Vifive Faculties Perceprion; For
'tis not properly the Eye that fees, it is only the Organ or In:
ftrument, 'os the Soul that fees by means of the Eye. Toen-

nire then, how it comes to pafs, thacthe Soul perceives the
Object Eret by means of an Inverted Image, is to enquire in-
to the Souls Faculties; which is not the proper fubject of this
Difcourfe.  But yet that in this Matter we may offer at fom-
thing, I {ay, Ereétand Inverted are only Terms of Relation to
Up and Down, or Farther from and Nigher to the Centre of
the Earth, in parts of the fame thing: And that that is an
Ereit Objeét,makes an Inverted Image in the Eye, and an In-
verted Objeét makes an Erect Image ; Thac is, that parc of
the Object which is fartheft from cthe Centre of the Earch is
Painted on a Part of the Eye Nigher the Centre of the Earth,
than the other parts of the Image. But the Eye or Vifive Fa-
culty takes no Notice of che Internal Pofture of its own Parts,
buc ufes them as an Inftrument only, contrived by Nature for
the Exercife of fuch a Faculey, |

But.ro come yet a little nigher this difficuley ; This énquiry
refults briefly to no more than this, How comes it to pals, thac
the Eye receiving the Reprefentation of a Partof an Object on
that part of its Fund which is Lowermoft or nigheft the Centre
of the Earth, perceives that parc of the Eﬁ)jes:?t as Upper-

P mﬁ
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From hence,& from Prop. XXVLXXVILic follows,that if the
Eye were placed inftead of the Glafs at d (T'22.F.1.)and ab¢ or 722 rs
e f g were Objects,the Eye would perceive them of EqualBignels.

| know very well the Point o, which is the Vertex of the Op-
tick Angle,is varioufly afligned by various Authors; fome pla-
cing it in the Centre of the Eye; Othersin the Vertex of the
Cryftalline ; Others in the Vertex of the outward Coat or Cor-
nea of the Eye : But 'tis a Matter of no great confequence,where-
ever we place it; for according to the Bignefs of this Angle o ¢,
the Image on the Fund of the Eye is Bigger or Lefs. 774, Tacquet
Optica, Lib. 1. Def. 4. and Prop. 3.

I know likewile, that by a curious Experiment in Opricks
difcoverd by an InFeninus French- Man Monfieur Mariotte, 'tis
controverted, whether the Retima or Chororde be the Seat of Vi-

fion, or the Place on which the Pictures of outward Objects
are exprefled  (vid. Philofoph. Tranfaét. Num. 35.and 59.) Bat
to our bufinels it marters not which of them we pitch on;

and therefore I chule to fpeak as commonly ‘tis prefumed ; and
mention-the Rerina, or rather the Fund of the Eye, as the Place
that receives this Picture. -

(7) Inthe fame (Tab. 25. Fig. 1.) We perceive the Rays 7%+
that flow from the Point 4 do proceed to the Eye Diverging,
as bg, bo, b b; And if the Object ac were infinitely diltant
from the Eye, or lo diftantfrom the Eye, thatche Breadth of
the Pupil 1 k were inlenfible in Comparifon to chis Diftance,
then the Rays b g, bo, b b, would proceed as ic were Parallel,
and fo fall onthe Eye: Inboth which Cafes, by meansof the
Refractions inthe Eye, they are broughe together, and painc the
Image of the Point b on the Fund of the Eye ace. #id. Gregorii
Opt. Prom. Pr. 30.

Bucin Tab 25. Fig. 2. If the Diverging Rays bv, bx, thatTas5.F2
flow from the Point b, meet the Convex Glafs z x, and are
thereby made to converge a5 w4, x &, and fo fall on the Eye,

2 and
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and there paffing throngh the Cryftalline ¢ b, are made to
Converge yermore asi ¢, k ¢; Here they crofs'in the Pointe,
before they reach the Retina rt, and confequently do painc
thereon the Image of the Point b confufedly, for 'tis Pamred
on the {pacert; whereas to caule diftint Vifion, it fhould
only be painted on 2 correlpondent Point on the Retina,

And tEiS is the Fault of their Eyes, who are called ' Mjopes,
Purblind, or Short fizhted. For in them the CryRalline is too
Convex (as in this Tab. 25. Fig. 2. both the Convex Glafs
and Cryftalline joynd together make too great a Convexicy)
uniting the Rays before they arrive a¢ the ®Retina. ~ And there-
fore they are helped by Cencave glaffes, which rake off from
the too great Convexity of their Cryftalline fome pare of its
Refractive Power: Or rather thefe Concaves make the Rays
Diverge fo, that their Cryftalline (hall be fufficient only to
bring them again together, fo' that they be not united, cill
they arrive at the Fund of the Eye.

Mjopes are alfo helped by holding the Object very near; for
then the Rays that fall'on their Eye from any fingle Poinc do
more Diverge, than when the Eye is farcher from the Point,
and confequently their too Convex Cryftalline does but foffice
to bring them together on the Retina.

(8) On the contrary, the Eyes of Old Men have their Cry-
ftalline too Flar (as Tab. 25, Fig. 3.) and cannot cotrect the Di-
vergence of theRays b i, bk, tomake them meet on the Reti-
na r t, butbeyond the Eye at e.  Wherefore for their Help 'tis
requifice they addthe Adventitious Convexity of a Glafs ; that
both it andthe Cryflalline together, may be fufficient to unite
the Rays jult acthe Retina: And from hence it appears, that
Spectacles help Old Men, not by magnifying an Object, but
by making its Appearance Diftiné ; for Old Men cannot
read the largeft Print withour Spetacles, and yer wich Spe-
Ctacles, they read the fmalleft , thongh thefe 'with Specta-

cles.
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cles do rot appear fo large, ‘as thofe without Spectacles.

(9) What is laid of the Coafufed or Diftinét Reprelentation
of a Point in the Object, may be underftood of the Confufed or
Diftinét Reprefentation of the whole Object; atleaft for thole
Parts that lye pretty nigh adjacent to that Point that is looked
at. For here we do not take a Pomt in che ftrict {enfle of the
Mathematicians, but in a Phy(ical Senle, for the fmalleft Part
imaginable ; or as we have affumed itin the firft {uppofition;
And the whole Object confilting of [uch Points, what is {hewn
of one Point may be underftood of every Point in the Obje&
that is, of the whole Object.

(10) “Tis ‘Requifice alfo (before I proceed farther) to ex-
plain, what I mean by Clear Vifion, and Faint Vifion; Diftinét
Vifion, and Confufed Vifion.

By what foregoes; I fuppofe thefe two latcer Terms are pret:
ty ‘well undetftood, viz; Diftinft Vifion is then caufed, when
the Pencils of Rays from each Point of an Objeét do accurate-
ly determine in Cotrefpondent Points of the Image on the Re-
tina : Confufed Vifion on the contrary, when thele Pencils do
intermix one with another.

But Clear Vifion is only caufed bya'Great Quantity of Rays
in the fame Pencil, illuminating l:if: Correlpondent Points of
the Image fhrongly and vigoroufly.

Famt Vifion 1s then when a Few Rays make up one Pencil ;
And tho this may be Diftinét, yet 'tis Cark and Obfcure, atleaft
not {o Bright and Sirong, as ify more Rays concurr'd.

¥

Of Single Glaffes applyd to. the Ejye.

Hitherto 1 have fpoken of Glafes by themfelves ; ‘And of
the Eye by it [tlf : | come now to confider them boch to-

gecher.,

But
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‘But firft 'tis to be Noted, that when we {peak of the Di-
[tinét or Confufed Appearance of an Object, ‘tis needful only to
explain my felf concerning fome one fingle Point in the Ob-
ject 5 and for this we chule the middle Point; forif we (hew
that fingle Point in the Object to be Distinétly or Confufedly Re-
prelented on the Retina (according to the XXVIIL Prop.) the
fame ‘may be underftood of the Adjacent Points in. the Ob-
ject. :
: But when we dilcousfe of the Eret or Inverted Appearance
of an Object: Or of the Magnifyd or Dimimiflyd Appearance
of an Obje¢t; 'tis requifice we confider the whole Object, For
a fingle Point, though Phyfical, cannot properly be confider'd
as Ereét or Inverted, or Magnifyd or Dimmifhd.

So that we perceive Diftinét or Confufed Vifion to depend on
the Formation of Rays proceeding from each fingle Point. But
Grett and Drerted, or Magnifyd and Dimiuifh d Appearances
depend on the Confideration of Rays proceeding from diffe-
rent Points of the Object. - 1fhall always confider thofe, that
proceed from the extremities of the Objedt.

Prorpr XXIX

An Objeét  feen through a Plain Glafs whofe Surfaces are Pa-
rallel is Magnifyd thereby.

This Propofition being directly contradictory to what
Honorartus raser afferts in the XLIIL Prop. Sec. 2.
of his Synopfis Optica, 1 fhall mark my Tab. 26. Fig. 1. with
the fame Letters wherewith he marks his 89th Fig. He ac-
knowledges thac the Apparent Place. of an Objeét is changed by
a Plain Glafs; but not chat the Vilual Angle is alterd there-
by. - But I fhall fhew that the Optick Angle is Magnify'd
thus; Let m | be a Plain Glals, 4 b an Object, 4 f a Ray pro-

o duced
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duced direétly to 2, butRefraéted into £i; Andatits Emer-
fion from the Glafs at i, Refracted againinto ib, parallel to
a fg. (by Experim. 1,2.) Produceih directly owards k ; let
the Eyebeat b, draw ha.. The Angle,under which the Ob-
ject a b appears through the Glafs m! to the Eye ath, is i b b,
or k'b b, ‘which is certainly greater than @ b b, which is the na-
tural Optick Angle. W herefore the Eye at b through the
Glals fees the Object 4 b, under a greater Angle than it would
do without the Glafs, and confequencly the Object is magnify d
by che Glaks. - Whichwas to be Demonftrated,

Buc that which deceived Fas ex 1s; that beécaule che An-
gle a g bis equal to the Angle k b b, cherefore (fays he) the
Oprick Angle with and without cthe Glafs are the fame ; or (as
he has i) the Eyeat ¢ without the-Glals would fee the Objecc
a b under the ‘Angle a ¢ b, and through the Glafs the Object
is [een under the Angle kb b equal to-a g bz Which is grant-
ed hiin. But this does only prove, that che naked Eye at 2, and
the Eye through the Glafs at' b, fees the Object under the fame
Angle.  Whereas he fhould have proved (if it were poffible)
thac ‘the naked Eye at b, and the Eye through the Glals ac b,
fees:the Objects under the fame Angle ; And then indeed he
had rightly proved what he propoled, wiz. that the Optick
Angle is not magnify'd by the Interpoficion. of che Glafs: For
‘tis not ‘Mathemacical,  firft to place. the Eye ac g without che
Glafs; and'then ac b with the Glafs, and proving the Oprick
Angles the fame, to conclude’ that cherefore: the Plain Glafs
does not magnifie.. For at that' rate one may (hew that even
a Convex Glafs ddes' not magnifie; ‘For at one Station an Object
{hall appear vnderasgreat an Anglewithout it, as ac another Sta-
tion'thraugh the Glals.

The Reafon, why the Common Window Glals,¢c. through
which we look, caufes no fenfible: Alteration of Ol jects, is be-
caufe tistoo Thin. 7id. Barrow Leét. Opt. 15. _

! Con-
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Prowr. XXXI
Cancerning the Apparent Place of Objeéts feen through Convex-glaffes.

(1) In Plain Vifion the Eftimate we make of the Diftance

| of Objecs (efpecially when o far removed, that the Tnter-

val berween our two Eyes, bears no fenfible Proportion there- +
to; or when lookd upon with one Eye only) is rather the
A& of our Fudgment, than of Senfe ; and acquired by Exercife
and a Faculty of comparing, rathet than Natural.  For Diftance
of it felf, is not to be perceived; for 'tis a Line (ora Length) |
refented to our Eye wich its End towards us, which muft/
therefore ‘be only a Point, and that is Invifible. Wherefore
Diftance is chiefly perceived by means: of Interjacent Bodies, as
by the Earth, Mountains, Hills; Fields, Trees, Houfes, @,
Or by the Eftimate we make of the Comparative Magnitude of
Bodies, or of their Faint Colonrs, &e. Thele I {ay are che Chief /
Means of apprehending the Diftance of Objects, thatarecon-
fiderably Remote. But as to nigh Objeéts, to whofe Diftance
the Interval of the Eyes bears a {enfible Proportion, their Di-
ftance is perceived by the turn of the Eyes, or by the Angle
of the Optick Axes. (Gregorii Opt. Promot. Prop. XX VIIL) T%ﬂ;s
was the O pinion of the Antients, Alhazen, Vitellio, &c.  And
tho the Ingenious Jefuit Tacuet (Opt. Libl.PropJl.) difapprove
thereof, and Objects againtt it a New Notion of Ga(fendus

(of 2 Man’s feeing only with one Eye at 2 Time one and the %
fame Object) yet this Notion ' of Gaffendus being ablolurely+/
Falle (as I could Demonftrate, were ivnot befide my Prefenc

Purpofe, but I refer to the 7th Chap. of the 2d Part) it makes
nothing againft this Opinion. ;

(2) 'Wherefore D'r[{.mcf: being only a-Line, and not of it
felf perceivable ; if an Object were convey'd to. the Eye by

Q one
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one fingle Ray only, there were no other means of judging of
its Diftance, but by fome.of thofe hinted before. Therefore
when we eftimate the Diftance of nigh Objects, eicher we take

each Radiating Point.  And according ro the various Inclina-

Pupil, we make our Eftimate of the Diftance of the Object:
And therefore (as is faid before) by one fingle Eye we can

26,55 Mluftrace all this by Tab. 26. Fg. 3. Let a be a Radiating

firft placed at ¢, there receiving only ae, af, ag: Let pu be
eranflaced to b, where it receives allthe Rays; and ’tis manifeft

one and t'other Pofture, for the Rays, which fall on the Pu-
i pil when placed at b, diverge very much more than thofe that
gll vpon it, when placedat ¢: And thereforeche Eye, or Vi-
final Faculty will apprehend the Diftance of 4 from b and cto
be Different. For 1t is obferved before (Prop, 29. Set. 2. fee
allo, GregoriiOpt. Promot. Prop. XXIX.). that for viewing Ob-
¢ jects Remate and Nigh,- there are Requifice Various Conforma-
tions of the Eye: The Rays from Nigh Objects, that fall on
the Eye, Diverging more than thofe ‘%mm more ‘Remote Ob-
ects. 3 |
] (4) I therefore by Refraction through Glafles, that parcel
of Rays which falls on the Pupil from each Poiat in Nigh. Ob-
jects be made to flow as clofe together as thofe from Diftant
Objects; or the Rays from Diftant Objects be made o Di-
| werge, as muchas if they low'd from Nigh Objects, the Eye
‘through fuch Glafles {hall perceive the Place of  the Object chan-

ged (5) Bue

the help of both Eyes, or elfe we confider the Pupil of one |
Eye as having Breadth, and receiving 2 Parcel of Rays from |

tion of the Rays from one Point, on.the various Parts of the

only Judge of the Diftance of fuch Objects, to whofe Di- |
ftance the Breadth of the Pupil has a fenfible Proportion,, To |

Point, f{ending forth theRays ad, ae, af,ag, ah, withall the *
intermediate Rays.  Let p# be the Breadth of the Pupil, and &

that the Rays from. a are differently inclined on the Pupil in
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(5) But ficft for 2 fenfible and common Experiment, to fhew

the Change of an Objets Place by Refraction,  Tab. 26. F, 4. 7347+

rchrfﬁ-nts a Veflel, sn whofe Bottom at a there islaid a picce
of Mony, or any other remarkable Objeét, f{o that'the Eye
at o may juft perceive the Mony over the Edge ¢ of the Veffel.
The Moeny now appears to the Eye o by the dire¢t Line
a<o. Let now the Veflel be filld with Water up to g fh; let
the Ray af proceed ffom the Mony, and draw pf perpendi-
aular to gh; the Ray a £, inftead of going onwards directly to
d, emerging from Water, a denfe: Medium to' Air, deflects
from the perpendicular pf 5 and becomes (fuppofe) fo.
Wherefore the Eye o, now the Veflel has Water in it, fees the
Silver, not by the direct Ray aco (for that is bent from i, |
and efcapes it) buc by the refracted Ray afo.  Produce of”
direétly'tob, the Mony fhall appear as if it were at b. For the
Eye is not fenfible of the bending of the Ray, but is affected =*
by it, as if it were directly firait.

(6) In like manner Tab. 26. F. 5. if the Point ¢ fend its Ray
ce obliquely on the plain Glafs a4 ; and after a double Re-
fraction it arrive at the Eye o ; This Point ¢ is not now feen
in its own proper Place, but{omewhere in the Ray og produ-

' ced, as atf. For the Eyeis not fenfible of the outward acci-

dental Refraétion, thatattends the Ray atits paffage through
the: Glals ;, but is directed by the nextimmediate Ray o ¢ that
falls upon it, and confiders it as ftrait, and coming directly
from the Point £.

I fay moreover, that by a plain Glafs, the place of an Ob-
je&t is changed, and brought nigher the Eye. ' Tab. 26. F. 6, T3¢
¢ is an Object ﬁ:nding its Rays cd, ce, upon the plain Glafs
a b ; thele after a double Refraétion proceed ( by fu ppofition)
in ¢i, hk. Produce thefedirectly towards f; ‘and fuppofe the
Pupil of the Eye large enough to receive theRays ¢4, bk ; the
Point ¢ fhall appear to the Eye as at f,

Q2 (7)

T26. F 5.
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(7) To determine the Locus Apparensof 'an Objeét placed nigher
a Convex-glafs than its Focus. :

To perform this, we are to have, the Power of the Glafs,
the Difﬁncc of the Obje&t from the Glafs; and the Length of

fa7.F1 the Objedk given. Tab. 27. Figo 1. abe is an Objeét, whole

Diftance from the Glals bz is given. 'Let us fuppole the
Glals of the leaft chicknels imaginable, that we may not be
at the trouble of confidering the Oprigk Angle, botl at the
lmmerfion and Emerfion. Let the middle Point 4 Radiate
upon the Glafs, and after the Rays have paffed the Glafs, lee
them be fo Refradted, as'ifithey came directly from the Poine
e. From the foremention'd Data, this Painc. e, being the
s Imaginary Focus, is eafily determind by ®rop, VIIL hereof :
Through e draw the Infinite Right Line d ¢ £ Parallel to
abc. Wherefore as the Locus dpparens of the Point b is at e,
fo the Loci of the Collateral Points 4, ¢, fhall be {omewhere
in the Line de f ( unlefs perhaps Convexes on very {mall
4 Spheres, will Reprelent the Object Crooked or Bowed, but
of this we fhall take no netice) to determine which, from
the Vertex of the Glaf z draw the Lines 1 4 4, zef (or

T.27.F2.if the Glal have any Thicknefs, as in Tab, 27. Fig. 2. from

the Vertex of Immerfion, oroutward Vertex, draw R4, 3¢
And from the Vertex of Emerfion or Inward Vertex, draw

zd, 3 f, Parallel to z 4, ze, and then the Thicknefs of the

Glafs muft be one of the Data. ¥id Prop. 47. Gregorii Opt. -

Promot. ) the Points d and f are the Loci Apparentes of the
Points a and ¢. For certainly were the Eye behind the Glafs
(jult at 2, the Objeét abc would appear” under the Angle
74%¢, and the Point & would appear asar ¢, and therefore

{the Points @ and ¢ would appear fomewhere, fo as to make

the Object keep the fame Angle ; Bue that can only be by
the Points a and ¢ appearing at d and f (luppofing the Objece

aIc

to appear in its own Nacusak {brait (hape) Wherefore dand f

|
]
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are the Loci of the -Points a and ¢, and def is the Locus of
the Objeétnbec.

Hence it appears, thata Convex-Glafs Reprefents Objects ¥
as farther off than really they are: And this is the Reafon,’
why Picces of Perfpective (as of Churches and Long Porti-
coes) appear very Natural and ftrong through Convex Glaf:
fes duly apply'd. For thefe Glaffes making Objects appear
further nﬂplzian really chey are, muft conlequenty make che
Parts of the Perfpecave feem really Hollow d or funk in, the =
French term it Renfonce. .

Hence alfo 'tis Manifeft, why Convex-Glafles help the Eyes
of thofe, thac fec only Diffant Objects, as Old Men, for thefe
make Nigh Objects appear as Diftant. Vid. Prop. XXVIIL
Sec. 8. :

We may ‘P:rceive alfo that the Diftance between the Ob:
ject and Glafs continuing the fame, the Locws Apparens is ne-
ver alter'd, though the Eye be removed to and from the |
Glafs. Gregorii Opt. Promet. Corol. Prop. XLVIL. For the Di-
ftance between the Object and Glaks continuing the fame, the )
Imaginary Foeus e (hall always be the fame.

(8) The Locus of an Object exposd to a Convex-Glafs in its Fo-
cus is not to be determin’d, L

When the Radiating Point a. Tab. 27. Fig. 3. s placed - 5.

in the Focus of the Convex-Glafs ¢ d, the Rays ce, d g, aftet
pafling the Glafs, run Parallel, and being produced to ¢ x,d g,
they never Interfect.  Wherefore int this Cafe chere is no Rule
whereby to determine the Locus of the Objece.  And Barrow
tells us only, Quod Remotiffime Poficum Aflimatur. Lefh v8.
ad Finem.

(9) The Locus of an Object, beymd the Focus of 'a Convex-
Glafs, to the Eye between the Glafs and Diftinét Bafe, cannot
be determined.

" Tab:
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"w27.F4  Tab, 27. Fig. 4. Let a be a Radiating Point placed more
diftanc from the Glafls ¢ d than its Focus; the Rays ce, d g,
after pafling the Glafs, do Converge towards the Diftinct Bale;
lec the Eye ¢ fg be placed between the Glafs and Diltinét
Bale, it fhall then receive the Rays ce, dg;, Converging; and
they being produced towards x and z; feparate the further.
In this and the laft Section lies the great Difhculty, which
4+ the Incomparable and m? rofoundly Learned B arr ow (Leék,
Opt. 18, Sefk. 13.) contefledly pafles over as infuperable, and
not to be explained by whatever Theories we have yet of Vi-
fion, - For fecing that the Obje& which applies to theEyeby  |§ &
 Lefs-diverging Rays, is judged the more remote ; And that which
applies. to the Eye by Parallel Rays, is reputed moft remote
it {hould feem reafonably to follow, that what is feen by
+ Gonverging Rays, {hould appear yet moft remote of all : And
yet Experience contradiéts this, and teftifies, chat the Point
¢, Tab,27.Fig. 4. appears varioufly diftant, according to the p

]
various Situations of the Eye berween the Glafs and Diftin& 1\
Bafe; and that ic does almoft never (if ever) appear more i
diftant than the Point 4 it felf to the naked Sight, and fome- .
times it appears much aigher : Or rather, by how much the g
Rays, which fall through the Glafs on the Eye, do more Con- I

. werge, by fo much the aigher does the Object appear to ap- o
* proach, infomuch, that if the Eye approach the Glafs wery e

nigh, the Object a appears in its natural Place: The Eye be-
[ing a lictle érther removed from the Glals towards the Di-
ftinét Bafe, the Point a feems yet to approach. The Eye
being yet farther, the Point feems yet nigher; and fo by d‘;’ A
grees, till at laft the Eye being placed at a certain ftation, as
at the Diftintt Bafe, the Point a appears very nigh, fo tha it
begins to vanifh away in mere Confufion. All which (con.
tnues the candid B ax row) feems repugnant, or at leaft

not {o well to agree to what we have laid down. And (o he
¢ leaves

=
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leaves this Difficulry to the folution of others, which I (after
fo greac an Example) fhall do likewife; buc with the refo-
lution of the fame admirable Author, of not quitting the evi-
dent Doctrine, which we have before laid down, for deter-
mining the Lacus Objeéli, on the account of being prefled by
one Diffculty, which feems inexplicable, till a more intimate
Knowledg of the Vifive Faculty be obtained by Mortals. Iny
the mean time, I propole it to the confideration of the ingeni-
ous, Whether the Locus Apparens of an Object placed as in chis ;
gth. Section, - be not as much before the Eye, as the Diftinét ™=
Bale is behind the Eye.  Vid. Corol. 1. Prop. LVII.

(10) If an Object be more diftant from a Convex-Glafs than
its Focus, and the Eye beyond the Diftint Bafe, the Locus Appa-
rens of the Objeét is.in the Diftmét Bafe.  Vid. Prop. XXXIX.
Seét. 5. item Schol. Prop. L.

Tab.27. Fig.5. The Objeét abe is projeted by the Glafs T27.F »
The Locus of each Point in
the Objeét is in the correlpondent Poinc of the Image in the
Diftinét Bafe: Thus aappearsat d, bate, catf,  Gregorii =
Opt. Prom. Prop. XLVI.

Dechales (Dioptr. Lib: . Prop. XI.)' remarks a Matrer of
fome moment in this Bufinels of the Locus Objeéti. - The
reafon (fays he) that the Appearances through Glafles of the
Change oiy the. Objeéts Place, doinot fo ftrongly ftrike che
Senfe, as the Doétrine here laid down 'feems o intimare,
ptoceeds from hence; that Optick-Glalles are feldom or ne-
ver made fo large, as to be look'd through by both Eyes ar **
once; for if they were, he aflerts, That the Locus apparens
Objecti would be much more plainly and fenfibly determind
to the fight: In this paiticulas certainly he:is much’ in- the
right; for we fee at allumes, that two Eyes make 2 more,
exact eftimate of the Pofition of an Object, than one finglef
Eye. And we have.a (enhble Experiment hereot. in. Catop-

tricks.
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tricks, by the large concave Miroirs, where an Hand and
A Dagger prefented beyond the Focus, {cem to ftrike far with-

out the Speculum, at him thac prefents it: But not fo ﬂmnrgly

if the Speculwm be but [mall, fo that the Image can be {een
' but by one Eye at once.

Scholium.

To this Property of the Change of the Apparent Place of
an Object, may we attribure thac common Effect of Ob-
jects feeming to Dance and Move, being feen through Sphe-
rick-Glaffes, whether Convex or Concave, nimbly fhaken
between the Eye and the Obje&t. *Tis a noted Experiment,
that to know, whether a Glafs be Plain or Spherical (which

+is not to be found by Infpection of the Glafs it felf, or by
Touch, if the Glafles be formed on large Spheres, and be

|
|
i
|
buc fmall portions thereof), the common Tryal is, to fhake |
|
|

them {omething nimbly between the Eye and an Object; and
if the Object feem to move by the motion of the Glafs, the
Glafs is not Plain : The reafon hereof is this ; That toward
. the Extremities of a Glafs, the Glas refracts more than towards ,
7" the middle (for the very middle Ray, that is perpendicular, |
is not refradted ac all) and confequently the Apparent Place
of an Object is more changed by the Refraétion in the Ex- ‘
treme parts of the Glafs, than in the middle of the Glafs: So
that the Object, by the Motion of the Glafs, appearing fome- |
times throngh the middle of the Glafs, fometimes through the
extremities of the Glafs ; the gpparent Place thereof is varied ‘ .
2 likewife, and theObject [eems therefore to change its Place, or |
"to move. Butin a plain Glafs the Cafeis otherwife, for the
Refraction thereof is equally prevalent throughout the whole |
Glafs, and neither ftronger nor weaker ine the widdle, than in
the extremisies; fo thac the fhaking of: it between the Eye

and










!
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and Object, makes no other difference in the pparent Place,y
thanif :h-: Glals were look'd through fixt and immoveable ; and]
therefore the Object feems not through it to (hake and move.
And tho the Lauu be changed by a Spherick Glafs's being re-
moved to and from the Eye, | yet in Glafles,of large Spheres,
the Locus is not o fenfibly chanocd, as b bemg {haken be rJuI
the Eye. The fame Realon holds. for :r

P& o p. XXXIL

An Object beimg placed in the ‘Fooys of a Convex-Glafs, and
the Eye on Tother fide the Ge’aj.r, Jees this Object diftinétly

and eret.

That an Object [0/ pofited, is feen diltinétly, is evident,
becaule the Rays from cach particular Point, after pafling chc
Glafs, become parallel (by Prop. VL) and (o fall on the E ye.
And therefore (by Prop. XXVIIL Sec, 7} they are fit to caufe
Diftin&® Vifion. Tab.27. Fig.3. The Point 4 feddeth forth
its Diverging Rays a¢, ad, on the Convex-Glals ¢ d; thefe

 are tranfmitted by the Glafs parallel ince, dg, and fo fall on

the Eye; by w hofe Coats and Humors, LIPLLI ally 11} the
Cry [hlhm‘: b1, t]u:y are refracted and bl‘{]L!L[‘rE together in . the
Pmnt k on the Retina,  there reprefenting diftinétly the Point
a of the Ob}f&

Or thus, Tab.28. Fig.

mixt together, is in the place of the greawctt tau{uﬁm:, and
therefore by Prop. XXVIIL Sec. 3. the Vilion is diftinct,

I fay allo the Object is feenerect. In the fame Figure g k

15 a2 Convex-Glafs, abc an Obje&t; we may imagin that

each Point of this Object fends oo s ACone ok Rays, fall-

R ing

¢ apparent D*m.mn::
of Objects (een 1]1rougf1 rifing Smoaks or Vapors. f‘}_ff il 1 Lok

Sfw #P L e

F 1

» The Eye op, being in the place .
where fome of the Rﬂ.}s fmm every. Point in t the Objet are =




_the Image on the Retina. being inverted, the Object is feen.

T28. Far

Fres2t]
ing on the whole Surface of the Glafs; but for avoiding Con-
fufion in the Scheme, I only exprels and confider che Rays

¢z, ch, fromthe Point ¢; and ak, i from the Point a. op:

is the Cryftalline of the Eye. TheRays ¢g, cb, after paffing
the Glafs become parallel as go, hp, andfall fo onthe Cryftal-

line, by whofe Refractions they are again brought together:

in the Point 4 on the Retina, there painting' the lively Repre-
fentation of the Point ¢; and the fame may be hewn of the
Reprefentation of the Point a at f on the Retina, Where-
fore the fiifter Point ¢ is reprefented on the dexter part of
the Fund of the Eye d; and: the dexter part of the Object 4
is painted on the fiifter pare of the Eye f. And confequently

erect J' Prop. XXVIL Sec, 4, §.). Which was to be De-

monstrate
Prop XXXIIL

An Object being placed i the Focus of a Convex Glafs, and:

the Ege being placed in the Focus, ontother fide the Glafs,

fees t
Eye placed at the ftation of the Glafs.

Tab.28. Fig.2. axb is an Obg'c& {)iaced in the Focus of

the Glafs ef (which we fuppofe of theleaft thicknefs imagin-
able). Ler the Rays ae, bf, run parallel to the Axis xco,
thefe Rays. are united in the Focus at o, at which Point we
fuppofe the Eye. Produce oe and o f directly to g and &,
and draw ecf (which by fuppofition is parallel to axb, and
then draw ac, bc. The Optick-Angle through the Glafs is

¢o f, which we are to prove equal to ach, Thus, 4#x and
¢ ¢ being parallel, and ae, x¢, being fo likewile; ax is equal |

toec, and a¢ to xc, being the oppofite Sides of a Paral-
llogram.  Bug x ¢ is equal to co (the Focal Length on one

fide

is Objelt wnder the [ame Angle, as were the naked:
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fide and t'other). - Wherefore the Right-angled Thiangle e co
is equal and fimilar to the Right-angled Triangle # x¢. - Where-
fore the Angle eoc is equal to the Angle acx, oreof is
equal to ach. And confequently the Eye at o fees the Ob-
ject through the Glafs under the fame Angle, as the naked
Eye being placed at ¢, would fee it. - Which was to be proved.f
Vid. Gregorii Opt. Prom. Prop. XLIV.

Scholium.

This is the Pofture of both Eye and Obje&t for caufing
the moft perfect Vifion poffible througha fingle Convex Glafs ;
unlefs Pcrhapls we fay, That {eeing all Objects, which we
perceive moft diftinctly are A:rctty nigh our Eyes ; therefore
we may conceive the Rays flowing from each Point of them,
as falling on the Pu?l Diverging.  And ' confequently, that
to fee an Object molt perfectly through a Cenvex Glafs, ’tis
beft that the Object be placed a very little nigher the Glafs
than its Focus: For then the Rays, after pafling che Glafs, do7
fomething Diverge, and fall fo on the Pupil ; and®this bein
the molkt natural and ufual occurrence ()['-O[[’)j-‘:ct:i, it {uits beft,
and is beft adapted and moft agreeable to the Eye ; which by its
refractive Coats and Humors eafily collects each Cone uthefc:
Diverging Rays, and brings them together in' a Point on the
Fund of the Eye.

Corollary 1.

The Eye and Object being fo placed as'above; the Eye
fees this Object magnifyd under an Angle almoft dowble ‘to that
under which the Object wonld appear to the Eye, were the
Glafs removed ; that is, the Angle eoc or ac x is almoft
double the~Angle a0¢ (a0 and bo being drawn directly)
for the Angle ac x 15 equal toaoct-cao0 (32.1.) but cao

R 2 is
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is almoft equal’to.ave Thereforethe:Angle aie x is almoft
double aoc.. Whichapas to be Demonfbrateds + That cao is al-
moft equal to @ 0é;is manifeft; for the Triangle oc 4 is al-
molt lofceles, o ¢. (=cx) being almoft equal to ca.

If now we {uppofe the Eye to.continue in the Focus at oy
and the Object.axb to be brought nigherthe Glafs ¢f ; fll:
the Optick Angle through/the Glafs fhall beeo f. By which
(tho it continue the fame, yet) the Objeét would not be-
4 magnifid by the Glafs in this: fecond Pofture, as much as in
the former, For the Angle eof in this lacter Pofture would
not fo much exceed the natural Optick Angle aod.  For at
laft 4 x & being brought fo.near ec £, as to be coincident there-.
with, the Angles'ev f and a0 b would be coimcidene alfo.

The fame may be fhewn, if we {uppofe.che.Objeét  to
continue. in, the Focus;. and-the Eye o to approachithe ‘Poiat:

¢. For at laft che Eye arriving at ¢, perccives: the: Object:

thmugh the Glafs under its own natural Angle acb.

Corollary 2.
l.

Hence ic appears, thac the Eye being in: the Focus of a:
Convex.Glals, and the Object in the Focus alfo, the Eye can

rceive no. greater an Area or Space of the Object, than the
Breadth of the Glafs, or the: Breadch of that Portion thereof,
which the Eye makes ufe of ; for a b is equal toref. And
the reafon is, becaufe thofe Rays ae, bf, that come from
the Extremities of the Objeét « and 4, and concurr at the Eye
in the Focus o, muft neceflarily fall on the Glafs: parallel to
the Axis x ¢..




e T e
e e L A







Unable to display this page



Terag 'l

Pror. XXXV. Prosr. e

To determine the Vifible Area of an Objett in the Focus of a i

Convex Glafs; from thefe Data, the diftance of the Objeét |

from the Glafs or the Glaffes Focal Length, the diftance e

of the Eye from the Glafs, and the Breadth of the Glafs. e

W i

It is fhewn before in the 2d.Corollary to Prop. XXXIL 4 1,

That the Vifible Area of an Object in the Focus of a Con- ‘ e
vex Glafs, to the Eye placed in cother Focus, is equal tothe 8
Breadth of the Glafs. Wherefore I fhall only here confider |

the two other Cales. q
|

2052, And firft, Let the Eye at o, Tab. 29. Fig. 2. be placed
further from the Glafs ¢! than its Focus, the Objeét axb is | o
in the Focus, g | the Glafles Breadth, x ¢ the Glafles Focus or
diftance of the Objeét, and c o the diftance of the Eye from |

the Glafs are given. Draw go, /o, and produce the Axis |
oc f infinitely. Let us now imagin the Point 0 a nighRa- | 1|
diating Point or Object, fending its Rays 0 g, oc, o/, onthe  |f
Glafs. By Prop. V. Let us determin the Diﬁincr Bafcor Re- 4 °

{pective Focus of this Point projected by this Glafs, which by
the foregoing Data is eafily performed. Suppofe this relpe-
ctive Focus to be ¢f. Draw ¢ f, {f; where thele Lines in- |}
terfect the Object in e and 4, the Vifible Area of the Object 1]
is determined by ed. |
Demonftration.  For by Exper. 8. the Progrefs of a Ray
throngh different Mediums is Reciprocal. Wherefore if the
Rays og, ol, be refracted into ge, Id; it will meceflarily fol- |
low, that e g, dl; being confider d astwo Rays owing from ‘t -'
the Points ¢ and 4, they fhall be refracred into g o, f0; where-
fore this Analogy will hold, fc:cl:: fx (=fc—xc):xd | m
Which x d is half che Vifible Area to the Eyeat o. 4
E

Sc':ﬂnd] }": 1 ‘%

| iic
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Sccondly, Tab. 29. F.3. Lecthe Eye ato be placed nigher 729 Fi-

the Glals than its Focus. Draw go, /o. And produce the
Axis oc infinitely backwards towards f. Then (as before)
fuppoﬁng the Point 0 2 Radiating Point or Object ; by the
Data, and by Prop. VIII. we may cafily determin the Dna-
ginary Focus thereof, which let be ¢f.  From f draw £z di-
rectly toe, and fl o d. ed, by the foregoing Demonltra-
tion, is the Vifible Area of the Object ab. And ¢ f: ¢! :
fx (=fe4cx): xd  Which is half the Vifible Area to
the Eye ato.
Scholiym.

The fame Rules may be ufed, when the Object is nigher
to or further from the Glafs than its Focus. So that this Pro-
pofition is univerfal to all Cafes in Ereét Vifion through Con-
vex Glaffes. But whether this Area be diffinéHy vifible or not,
depends on other Confiderations, and will be obvious enough
to .thole that confider what has been before, and what fhalf
be hereafter laid down concerning the diffinét and confufed
appearance of Objects.

Prop. XXXVI.

An Object beig placed more diftant from a Convex Glafs than
its Focus, and the Eye placed on t'other fide this Glafs nigh-

er tothe Glafs than the Diftinét Bafe to the Glafs, fees this .

Objelt erect and confufed..

I have fhewn before (Prop. V. XXVI, XXVIL) that if an
Object be placed more diftanc from a Glafs than its Focus,
this Object 1s projected in a diftinct Bafe fomewhere on tother
fide the Glas. And chat this Diftinct Bale, may be fome-
times Lefs, fometimes equal to,. and flometimes Greater than the
‘Object 1t felf. Tat.
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7ab. 30.Fig. 1. abc is an Object expofed to the Glafs
zl, and Proje&ed in the Diftinét Bale fe d.  Each Cone of
Rays from the Object is made to converge, asb ! g is formed
into gel. Let the Eye be placed at & 1 fay, firft the Ob-
- jeét appears eret. For the Rays from a the upper part of

the Objeét tend to, and determin in the lower pare of the Fund
of the Eye. And the Rays from ¢ the lower part of the
Object tend towards the upper part of the Retina; and there-
fore the Appearance is erect, (by ®rop. XXVIIL Sec. 4, 5.)

Moreover, the Eye being placed any where between the
Glafs g, and the Diftinét Bafe f ¢ d, does not receive the Spe-
cies of the Obje& inverted; for that only happens juft in the
Diftin& Bafe it felf. And on thisaccount, ’tis manifeft, tha,
the Appearance to the Eye in this pofture {hall be Ere,

I fay likewife, chat the Apearance of che Object is confufed:
Let us conceive the Pupil of the Eye atma ; here it receives
the Rays from the Point b converging ; and therefore by Prop.
X XVIII the Reprelentation of the Point & on the fund of
the Eye fhall be confufed.  And fo of the other Points in the
Object, that is, of the whole Objeft. And if the Eye recede
from the Glafs, as to b, the Vifion is more confufed, becaufe
che Rays are nigher converged.

Propr XXXVIL Prosui.

To determin the Optick Angle, -or Apparen: Magnitude, and the
Vifible Area of an Objeét placed as in the laft 5 from thefe
Data, The Bread:h of the Objeci abc (Tab. 30.Fig. 2.),
Iis Diftance from the Glafs zb, The Glaffes Power, The

Glaffes Breadih g1, And the Diftance of the Eye from the
Glafs kz.

(1.) me_
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the whole Object abe; and at g we cannot [ee the extreme
Point ac. By which the 81 and 82 Prop. of Kepler's Digp-.
tricks are manifeft. .
(5.) Ifthe Glafs haveany Thicknefs confiderable, fee Prop..
XXXI. concerning the Locus Objectiy Sec. 7. :

Scholinni.

If we firft. determine the Vifible Area by. Prop. XXXV. the.
Breadch of the Object need not be one of the Data for de-
termining the Optick-dngle. . For the Breadth of the Object is,
found by obtaining the 7ifible- Area..

Pror.. XXXVIIL

An Objeét being more diftant from ;:_.G!aﬁ than its Foctisy and the:
Eye placed inthe Diftinét Bafe,. the, Objeét appears moft con-
fufed..

By Prop: XXXV, 'tis manifeft, that the nigher the Eye:
approaches the Diftin¢t Bale, ' the more confufed the Object
appears; becaufe the Rays from each-particulat Poiat, do fall
an the Eye clofer Converged, and more ordesly feparated by che,
Glafs from the Rays of adjacent Points. /Bur in the Diltinet,
Bafe, the Rays are moft of all Converged, and molt orderly,
united in. their proper Points, cach with the Rays flowing
from the fame Point in rthe Object. . Wherefore the Eye is.
there in the greatelt Confufion. : . 3

Moreover. (by Prop. XXVIIL Seq. 3+). tis requilite to Di-,
ftinet Vifion, that the Rays from the feveral Pointsin the Ob-
ject, fall on.the Eyealtogether confufed thercon (as they do on,
the Glafs, in the Hole of a dark Room), that the Coats and,
Humors of the Eye may refrace them, and bring them toge-

ther,
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ther, diftinétly painting the Image on the Retima, ~ But when
the Eye is in the Diftiné Bale, all this is fruftrated.

Pror. XXXIX.

The Objett being more Diftant: from the Glafs than the Focus ;
and the Eye further from the Glafs than the Diftinét Bafe,
begins to perceive the Objedt inverted; andy, at a proper di-
ﬁancr, J}:ﬂmﬁ. ;

(1.) This is manifeft by Tab. 30. Fig. 3. wherein a bc is 150 £5.
an Object, g sl the Glafs projecting the Diftin&t Bafe fed, o
is the Eye. And becaulfe half the Pencils of Rays that flow
from each of the extreme Points of the Objeét 4 and ¢, pro-
ceeding forwards from the Points 4 and £ in the Diftinét Bafe,
after they crofs in the aforefaid Points d and £, by reafon of
their too great Divergence, do elcape the Eye. _T{n:rcfore, for
avoiding Perplexity in the Scheme, I have only exprefled the
Half Cones sal, sdl, and scg, sf g, which incurr the Eye.

(2.) Wherefore we may oblerve, that the Diverging Rays
pfoandody, failing diverging and confuled on the Cryﬁ:alliﬂc
p ¢, are thereby colleéted, and made to concurr on the Retina
in the Points # and 7 ; and there paint the wpper Point « of the
Object on the upper pare » of the Eyes Fund; and the lower
Point ¢ of the Object on the lower part n of the Retina.
Therefore by Prop. XXVIIL Se. 4, and §. the Object appears
mverted, becaufe the Image repreflented on the Retina is Ereét.

(3-) Or more plainly thus; We may now conceive the Di-
ftinét Bafe it felf £d w0 be as it were an inverted Object (as
here the Crofs turned with its head downwards). Therefore
the appearance thereof to the Eye, fhall {eem inverted. For
if the Eye perceive an ereft Object; erect, it muft needs per-
ceive the Diftinct Bale, being anmuerted Obje&, inverted. ”

82 An

@
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And diis may ‘bellaid down' as' a General, Rule, . That
where an Qbject; or the Image, 'or Reprelentation of an Ob-
ject, which is next the Eye, is inverted, there the Object
thall appear iverted.  And wherethe‘Object, or Image next
before the Eye, is ereét, the Object appears erf_ﬁ.

(4:) I.,fa.y'a,li'b-,‘- vit'a proper diftance the Inweﬂé&:_ Appearance
is Diftnét, ~ Forywhen the Eye isdo far removed from the Di-
{tin& Bafe, .asito be able.to cortedt the:Divergence of the
Rays, that come to it from each Point in: the Diftiné&t Bafe,
and to form them into correfpondent Cones determining their
Apices on the Retina, - the-Vilion'is Diftinét,  otherwile nor.

Moreover there are two other: Phenomena of this Pofture of
Object; Glafs, | and Eyes| which I fhall here explain as  fol-
lows. : . - -

(5.) If che Eye be moved upwards towards z, the Object fhall
appear to.move: downwards, - If the Eye be moved downwards
towards x, the Object feems to:move spwards. To explain this,
let us confider the Point ¢; and how the appearance chereof /s
brought 0. and formed inthe Eye. ' And we fhall find; thacin
the Pofture of the Scheme, - the Point ¢ is exprefled in the Eye,
only by that pareel of its Rays that fall on the half GlaGsg, jF/m:
thc[{ ate brought together in s fg, and flowing forward, be-
come pfo: Butche other parcel of (Rays s ¢k thav fall on
the half Glalss/, and are broughe together in s £ proceeding
forwards, elcape the Eye; for they go on in pfz Where.
fore the Point ¢ is now reprefented through che half Glafs s 2,
or {een fomewhere berywveen g and 5. Bur the Eye moving up-
wards towards z, fo thar-it'mifs the Rays pfo; and receive
only the Rays pfz; the Point ¢ fhall then be reprefented
through the half GlaG s/, or feen fomewhere berween s and
l, and confequencly fhall feem to move dowmwards. -~ What is
“fhewn of the Poinc ¢, may be conceived of the other Points
in the Object, thatis, of the:whole Object.

And |
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And this ®b.enomenon is the ftrongeft Confirmation imagina-
ble, that ghe Locus Apparens: Objeéti; - in this Cafey is in the
Diftinét Bafe (as is faid before, Prop. XXXI, See. 10,). For
by raifing the Eye, we deprels che Point f; and by depreffing
the Eye, we raile the Point f. Wherefore' the appearance of
the Point ¢ is-ac f. + For the Point¢ in the Objeét feems to
move contrary to the motion of the Eye.

From the foregoing Explication it follows, that if che Glafs
be moved upwards, the Object appears to move ypwards. . And
if the Glals be moved dowmwards; the Object appears to move
downwards 3 for the moviag of the Glafs upiwards is' the fame as
moving the Eye downwards; buc moving the Eye dosnwards,
makes the Object appear to move upwards; therefore themoving
of the Glafs upwards makes the Objectsappear to move upwards,

Or thus, Becaufe moving the Glafs apwards; ithe Diftinét
Bafe is moved upwards (for it follows the Glafs), and the Di-
ftinék Bale is in chis cafe as it were the Objedt.  (Prop. XXXI.
Sec. vo.) Therefore by che Glafles motion upwards, the Eye
{hall perceive the Object moved npwards,

(6.) If with both Eyes we look ac the inverted Appear-
ance of an Objeét through a Convex-Glafs, we (hall perceive
the Objeét double. * Suppoling the Eyes not very far remov-
ed from the Diftin& Bale. Tab. 30.' Fig. 4. wb.c is an Ob- T30 Fa.
ject projected by the Glals g/ in the Diftinét 'Bafe fed ; the
Point ¢ being correlpondent to the Point s Ler the Cone
of Rays 7 el flow forwards from e; and become 2y Let
the two Eyesn,m, meet che Coneof Rays z ey “Liay the
Eyen perceives the Point e (the Reprefentation of the Point b) by
the Rays z e 4, which How forward fromiely and cortlequently
the Eye n perceives the Point & ore, ‘as i were, fomewhere
between s and L In like manner, the Eve m percewves the
Point b ore foraewhere berween sand gz Wherelore the veo
Eyes fecing the Point & or ¢, - as.& Were; i two places, 1&:: ic

Double,




[ 1341 7
Double. What is faid of the Point b, may be underftood of
any other Point in the Object, and confequently ngthe whole
Object. And if we fhut the Right Eyem, the Left Appear-
ance of b vanifhes; if the Left Eye n, then the Right Appear-
ance of the Object vanifhes.

But if the Eyes be removed very far from the Diftin&
Bafe fed, their Interval continues the {ame; and the Rays
ek, ep, Diverging continually, they fhall ac laft fall on the
Eyes ; that is, ek on the Eyen, and ¢p on the Eye m. By
-which the Eye » fhall perccive ¢ as it wereat s (k e u being
one Right Line), and the Eye m {hall perceive the {ame e as it
wereat r (per being one Right Line), whereby the Difference
of the Places » and u becomes lefs than before, till at laft the
Eye be got at fuch a Diftance from the Diftinét Bafe, that
+this Difference of the Apparent Places becomes fo fmall, that
tis infenfible to the fight,

Quere. How Dr. Bricgs would explain this Phenomenon
-of Double Vifim by his Theory of fight. Philofoph. Colleét.
Niumb. 6.

Pror XL.

To determine the Optick-Angle or Apparent Magnitade, and the
Vifible drea of an Object, placed as in the laft, from thefe
Data 5 The Breadih of the Objeét abc, (Tab. zo. F. 5.)
Its Diftance from the Glafs sb, The Glaffes Power or Focal
Length, The Glaffes Breadth gl, And the Diftance of the
Eye from the Glafs os. v

(1) It is fhewn before (Prop. XXXVII) how we may
from thefe Data obtain the Breadth of the Diftinét Bafe fed,
and its Diftance from the Glafs es. Wherefore 05 —es—pe.
Then in the Right-angled Triangle oef, we haveoe and e f
%o find the Angle foe, which is the Semi-Optick Angle, ua-
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Prop. XLII

{ .. To determine the Vifible Area, and the Optick-Angle or Apparem

Magnitude of an Object placed as in the laft, }‘éam thefe Dara
The Power or Focal Length of the Glafs,  The, Diftance of
the Objeét from the -Glafs, The Diftarce of the Eye from the
Glafs, and the Breadth of the Glafs,

¥

Tab. 31, Fig.1.and 2. 4 b is an Obje&t expoled to the Glafs 1. 5.
g dy nigher to it than its Focus. | o'is :de Eye, whichin Fg, 1. ">
is {uppoled nigher the Glafs than/its Focus ; and this is the Firft
Cafe. Butin Fig.2. the Eye o is fuppofed further from the
Glafs thanits Focus ; and this is the Second Cafle. 'Tis{hewn
before (Prop. V. VIIL), how the Re/peétive and Imaginary Foci

are determined in one and t'other Cafe.

Firft let the given Breadth of the Glafs be g I, By Prop. 4
XXXV, we determine the Vifible 4res z 3.  Let us then
fuppofe the given Breadth of the Glafs tobe p 4. ' By the fame
Prop. XXXV, we determine the Vifible dreq ed. 1l

As 1o the Ofptick-hngles gol (luppofing the Objet ) 4
or pog (fuppoling the Object e d) they are determined from | Ll
the Data, by Plain Trigonometry of Right-angled  Triangles, I'
as before in Prop. XXXIV, f

And we fhall find by Calculation (as indeed ’tis evident 1
by the very Infpection and Confideration of the Schemes ), H
| that the Collateral Parts 3 ¢, dy, of the Objeét z y, are much
| more magaifid. (in zefpect of their Natural ‘Appearance) by

Broad Glailes formed on fmall Spheres, than the Middle Parts

€%, dx;-for the Angle g op is the Qptick-Angle,  throygh the

Glafs, of the Part 3¢ ;. and the Angle pos is the Optick-An-

gle, through the Glals;, of the Past ex; buc the former ex-

eeeds the Nawiali Optick-Angle much more than the latcer,
7 A As
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As to the Natural Optick-Angle of the Object z x, were the
Glafs away ; draw zo directdly (Fie. 1.), then in the Right-
angled Triangle z xo, we have 2 x and x o to find the An-
gle 2o x, which is the Natural Optick-Angle of the Object x x.
From hence it 15, “that by Broad Glafles formed on’{mall
Sphetes; . the' Extreme Parcs: of *fhrait ©bjects, feem to'be in-
crorved ‘and bent 5 as is manifeft in’ the ‘Cafecof che Mierometer,
or Lattice of fine Hairs, [trained’ befoie the Eye Glafs in a
Telefcope, for Mealuring the Diameters of Objects.  As Pere
Cherubin' complains in-his Dioptrique Ocnlair. ' Part. I1I; -Sed. 7,
Chap: 1. pag. 239. bue uaderftood “not'the ‘reafon.  OFf chis
we may make Experiment, by ioﬂking wich a very'Convex
Glals at Tvo Parallel Liries drawn pretty clofe ona Paper.

Scholi i Y .V .qed

if inftead of the Glaffes Breadth, we ‘have the Breadel of
the Object e d given, * we may eafily decermine the Breadeh of
the Glafs,  through“whidh this Portionof the Object is feen :
For from the Point f,” draw fe, of dy thele intcrfgct the Glafs’
in p,¢." Play this'is the Portion of the Glafs; through which
e d is vifible:  And if the Line fom, being produced, do not
fallon the Glals, the Poine ' in the Objecris not vifible through
the Glafs ¢ | to the Eye ac o v j

Schol. 2.

Fhis XLIL ‘Propofition, 'as it ‘relates to' the Optick-Angle,

may be'folved an other way by Determininig the Loens Objecti.

Buc then; to the'former Para in‘thae Propafition, * inftead of the
Glaffes Breadth, ‘we muft add the Breadth-of the Object,

%sxFr. - \Wherefore, Tab. 31. Fig. 3. Let the Locis ‘of the Obsject

a'be be determin'd 'die £, by Props XXX} Set. 7. ‘Lt “the

. Eye
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Eye be at o, (draw do, {0 ditectly 5 if che Right Line d4'do
not fall on the Glafs,  the Eye ac o cannot perceive  throtigh
the Glafs the Point of the Object a! (Vid.” Prop. XXX VIL
Sec. 4. Prop. XL. Sec. 4. & Schol. Prop. XLVI. Gregarii Opt.
Promot.).- | Bue if do, fo, fall on the Glafs; [ fay the Angle
dof is the Angle under which the/Objectabc appears to the
Eye at o through the Glals. = For. the Object abc is feen through
the Glafs under the [ame Augle, as the Image def would be feen
without the Glafs. ' (by Prop. XXXL Secaz:)s. -Now becaufe we
have a b and bz given, and e g found,.|weimay find alfo
ed; forbx:ba::ex:ed Thenin the Right-angled Tri-
angle doe, we have de and eo (=¢zx4=z0) to find the
Angle doe=:daf. . Draw then godirectly; the Angle aob
is the Natural" Optick-Angle, ' under which  the  Object 45
would appear to, the Eye, without the; Glafs. . 'Now having
ab and bo (=bzx+430) we may find the Angle 40b; the
Difference between which and the Angle doe (that is do )
fhews how much the Object is- magnified| by the Glafs.

L Example of the Firft Cafe computed by the Method in
Prop.. XLIL - Tab. 31. Fige 1.

. 4637
Dift. of the Eye from the/ Glafs=s0= 2§00 Dt
Dift. of the Obj. from the Glals=s x=127212%%*

1+ Breadch of the Glas= 1gl=sg="a45

¢ Opiick-Angle=— = —Lgos= ; }Qﬁxﬁm.

Firft fu?poﬁng the Point 0:a Radiating :Point,

By Prop. VIIL. As Focus Glafs —s0 : to Foc. Glals :: 50 : f s

Thatis in Numbers~ — —2137:4637:: 2500: 5425
2 Then

Li1.F.1s
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IL Example of the Second' Cafe colenlated according -t
Prop. XLIL, = Tab. 31. Fg. 2.

. 4637
Dift. of the Eye from the Glals =g 0=5000

Dift. of the Obj. fromthe Glals=sx=127121 Data.
{ Breadth of theGlafs=: g I=50= 145

i % Ouifira.

Firlt, Suppofing the point o 4 Radiating Point, Then by
Prop. V.
ﬂb_s s 0= Foc. of the Gl - Foc.of the Gl 202059 2 Fs
That isin Numbers 363 : 4637 :: j000:il63870
en e s sy S xRy xx
That is in Numbers 63870 : 145:: 61149 : 138, being
the Vifible A4 in this Cale, according to the Data,

Secondly, To find the Optick-Angle ¢ 05, under which
this {JC:I.;R appears ; fay,
Asiso s Rad. :: sg : Tang. 42057 )39 140"

The foregoing II. Example calciilated aécording to'the Solu-
tion in Schol. 2. gr. XLIL The Lettersrelate vo Tab,'3v1./F. 3, 73" F3.

Dift. of the Eye from the Glals =2 0= §0a0/ 3
Dift. of the Obj. from the Glaf = g b=bapa 10744
* Breadch of the Obje@= — '—a b=l138

Diftance of the Imaginary Focus = ;;c?
: Breadth of the Imaginary Focus = " d ¢ Qugfitg.
Optick-Angle through the Glafls = ST

-




| [l1g2:]
Let us fuppofe the Point b a Radiating Point.. To deter-
mine the Imaginary Boeus at'e,) by®Prop. VI ﬁiy, 3

As Foc. of the Glals__z b': \Foclof the. Gl tze
That is in Numbers 1916 : 4637 :: 1711 6585
Then— — St ii oz bt b-a-11 -7 =07

That is in Numbers 17210 1;8* :6535 - ;34_
I.al'H],r, As ed ( {f-ﬁ-z‘uj Rad. : Tang Zdbe=

=1° 39’ o', which by reafon of the ncﬁlf& ot Fractions
wants, 40 .Seconds of the foregoing Calculation. _

0f .CONCAVES

Now proceed to’the Conﬁdemtmn of Vifion thmugh {‘,:9;;,
cave Glafles. :

Prov XLIII

All O.’?}efi‘.r feen Ibfﬂﬂgh Caumu Gfaﬂés appear Ereft mn* Di-
minifh'd.

That ‘the! Object fhalt appear Erect is manifeft; for 't
before - (Prop. .XXXIX Sec: 3.) -laid down as a Gengral Rule,
That where the Objet, -or Image that is next before the Eyey - is
Erelt, the Eye ﬂ;aH perceive the Object Erect; and where Inverted,
the E)‘E Jfees it Tnwerted. - Bur. Concaves have no Diftinct fBaﬁ
(as Convexes have) -wherein they reprefent the. Image. ‘of the
Object Inverted; and: confequently;‘wherever the Eye is‘placed
behind a Condave Glafs, it fhall perceive the: Object through
it, in its Natural Pofture:  That Concayves have no Real Di-
/hrm: Bafe, is moft plain from' the Doctrine that foregoes re-
lating to them: For a IJlI’cmﬂ: Baf¢'is ‘cauled by the Col-
lection
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at the, Eye ini0. Here the Optick:Angle through the Glafs is

cof, which: is lefs ‘than the Natural Optick-Angle 405, and

confequently the Appearance of - the Object is diminfld: . Which

was to bel proved. {1:(] Iy =) .29V e
Pros L XLIV,

Concérning, the” Diftindk andl -fmﬁﬁn‘- Appeam.nce of O&Ie&;
thraugh Concaves 5 as alfo of their Faint or Obfcure Ap-
Pt’ﬂi‘di‘lf&. !

We are here to remember what before is laid down, concern-
ing the Virtual Fociis of a Concave expoled to Parallel or 'to
Diverging Rays (in Prop. XI, XII, XIII. & Corol. Prop. XV.)4
We are Fiktwi['e to take notice, that in Plain Vifion, when the
Rays from any fingle Point in an Qbjed do not Diverge more
than what the Refra&tive Power of the Coats and Humors of
the Eye can correét; o that thefe Rays may be brought to-
gether in a Correfpondent Point on the Retina ; then the Ap-
pearance of thatPoint is Diffinét.  Forinftance, Tab.32. F. 2.
Let the Point 4 diffufe the Rays: a b, as, ar, ac. . Suppofe
the Breadth of the Pupil were p'q, - and the Eye there placed ;
perhaps the Refrattive Power of  the Eye: is not fuificient to
correct the Divergence of the Rays a pb, aqe.: Bucif the
Pupil (continuing of the fame Breadth) recede tol #is,, - then
unlf; the Rays as, a7, fall into ity and thefe perhaps may
be reduced 'by the Eye to determine in a<Pointon' the
Retina;: becaufe they, do not Diverge fo much as the former.
If therefore we fuppofe the Pupil in its former ftation ac pyg,
but now only to beof the Breadth 74, fo as to admit onl
the Raysa ds, air, then the Point 4 may béfeen is diftinctly
as at »s. This is:manifelt even by Expefiment ; for ‘apply
aMinute Object (o near the Eye, that it appears very confu/-
ed ;- then ‘place before the Eye a very  [mall Hole made with
a

y s
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a Pins end in a Paper; The Object fhall now appear Diftint.
For the Hole in the Paper ferves to make the Pupil more Nar-
Which evidently proves what we have laid down,
The fame may be thewn concerning Vifion through a Con-
cave Glafs Tab. 32. f.
ab, ac, fall onthe Concavebe. Thele after pafling the Glafs
Diverge more than before,  Let pg be the Breadth of the Pupil,
receiving the refrated Raysap, ag, Thele Diverge /o much,
that 'tis not in the power of the Eye to reduce them, and form
them into an inward Cone, determining its Apex on the Fund
of the Eye. But let the Pupil continue of the fame Breadth,
and recede to rs, whereit may only receive the Raysads, air;
and then perhaps the Eye may prevail to reduce thefe; be-
caufe they do not DiverLEe fo much as the other Rays that fell on
the Pupil at pg. Or otherwife, ler the Pupil continue ar p g,
But let its Breadch be contracted to di; fo chat it may receive
no more Rays in this Pofture, than ( continuing of its natural
Breadth) at rs. Here likewife the Appearance of the Point
a may be Diftinét.  OF this likewile we may make a moft con-
vincing Experiment : For take a Concave of a (mall Sphere,
and place it very near the Eye, and the Appearance of diftanc
Objects through it is Confu/cd. Remove it farcher from che
Eye, and the Appearance (hall be more Diftinét.  But even in
a Pofture where the Appearance is Confufed, contract the Pupil
by placing beforeic a Imall Hole prick'd in a Paper, And the
Objeét [hall appear more Diftinét, though Obfcure, which upon
the removal of the Hole, fhall be again Confufed, though
more Lightfome. Vid. Kepleri Dioptr. Prop, C,
Wherefore if we have the Diltance of 2 Radiating Point from
a Concave, and the virtual Focus of the Concave, and the Di-
ftance of the Eye behind the Glafs ; we may eafily by the fore-
going Rules (wiz. Corol. Prop. XV.) find the virtual Facus of
thefe Rays. As fuppole in the vlr‘amc Fig, the Rays flowing
from

3. a4 is a Radiating Point, whole Rays 3.5
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from a, after paffing the Glafs, Diverge as if they came direct-
ly fromz, And confequenty, if in Plain Vifion the Eye at
r s be able to [ee diftinétly thePoint a,if it were removed nigher,
as at %, thenit{hall beable to fee the Point a diftinétly through
the Glafs. But whether any Particular Eye be able to do this,
is impoffible to be known by Rule; The Strength and Weaknefs

of Mens Eyes being infinitely varions. . And therefore one Min. |
may fee a Pointat a certain Diftance diffinétly through a Glafs, |

which Glafs to another Man would render it Confufed; As’tis
Plain in the Cafe of Mjopes, or Short-fighted Perfons.

As to the Strong or Fame Appearance of Objects through
Concaves ; Becaufe the Concave (Tab. 32.f. 3.) fcacters the
Rays flowing from the Point#, infomuch that now the Rays
ab, ac, fcape the Pupil pgq, the Point a {hall appear more
Fuint through the Glafs than nacurally.  For Strong or very Lu-
minous. Vifion proceeds from a greater Quantity of Rays or Light
entring the Pupil ; And Faint ot Obfure Vifion from a lefs Quan-
tity of Rays.

Scholium.

We may hete confider the different Effe&s of Convex and
Concave Glafles,  For when a Point appears Confufed through
a Convex, 'tis by Reafon of the Too great Convergence of the
Rays that fall on the Eye. And theretore; Becaule the farther
from the Glafs towards the Point of Concourle the Rays that
fall on the Eye Converge the more ; the Appearance is through
Them ftill the more Confufed,

Buc it Concaves; Becaule the Confufed Appearance of a Point
proceeds from the Too great Divergence of thofe Rays that fall
on the Eye; and becaulfe the farther the Eye is from the Glafs,
the Rays that fall on the Eye Diverge lefs than thofe that fell
upon it when it was aigher the Glafs; Therefore through Con-

caves, |
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caves, the farther the Eye is from the Glafs, the more Diftinét
is the Appearance, but (till more Faine:

XLYV.

P2 p 8
Concerning the Apparent Place of Uﬁjfﬂj. ﬁ'm through Concave, Glaffes.

Tab. 32: f. 4. If the Point 4 Radiate on the Concave Glafs 732 F.s
¢ d, and the Rays after paffing the Glals Diyerge asif they came
directly from the Pointd. And the Eye eg receive all or par
of the Rays, and thereby perceive the Radiating: Potnt 4, the
Poinc b is the Locus Apparens of the Pointa.  Thatis, the Point
a is feen by the Eye, asif it wereatb.

By which we may Obferve, that the Apparent Place of Ob-
jects feen through Concaves is brought nigher the Eye. And
hence ’tis manifeft, why they help their Eyes, who are fhort-
fighted, orcanonly fee nigh Objects.  For thefe Glaffes make
diftant Objects feem nighVid Dechales Dioptr.Lib.2. Prop XX XIX.

Here alfo by the way we fhall Note, That fuppofe a Pur-
blind Perfon, thac can Read diftinétly or fee Objeéts at the die
{tance of a Foor from his naked Eye: A Concave Glafs, whole
virtual Focus is a Foot diftant from it, makes fuch a Perfon fee
diftant Objecks diftinct]y. Wherefore knowing the Diftance ac
which a Pwblind Perfon Reads diftinétly, 'us eafie to affign
him a proper Glals for his Eye, to [ee diftanc Objeéts. Vid.
Jfecond Part. C. 3.

Tab. 32. f. 5. Is inall things Correlpondent to the Do&rine 132 k5,
laid down in Prop, XXXI. Sec. 7. and marked wich the fame Let-
ters; fo that che very Words of that Section may be applied to
the Concave, aswell as to the Convex. Only the Imaginary
Focus ¢ for the Concave is to be determind by Prop. XI, XII,

XIIL XV. and Corol. Prop. XV. ¢oc. 1{hall not tﬁerefurc Repeat,
but refer to that Section.
V 2 Pror
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Pia o XL VE P ako ni

To determine the vifible drea, and the Optick Angle or Apparent
Magnitude of an Objeft feen through a Concave from thefe Data
The Power or Focal Length of the Gfaf s 5 The Diftance of the Ob-
7et from the Glafs ; The Diftance of the Eye from the Glafs, and
the Breadth of the Glafs.

Tab. 33. f. 1. gzl is a Concave Glafs, whofe virtual Focus
isgiven. Likewile ¢z the half Breadth of the Glafs is given
alfo.  a-bc is an Objeét, whofe Diftance from the Glafs bz
is given. And the Diftance of the Eye o. from the GlaB, o 3,
is alfo given. |

Let us now conceive the Point 0an Object or nigh Radiating
Point, fending its Rays og, 03, o/, on the Concave Glafs;
Thefe (by the foregoing Doctrine of Concaves ) after paffing
the Glafs Diverge more t]%an before their Entrance, and proceed
in ga, lc, as if cthey came diretly from a certain Point £, This
Point f or the Line £z, is-eafily determin'd by Prop. XI, XII,

XIII. XV. and Corol. thereof. Wherefore having fz, we may
fay, As fz:zg::fb (=fx4 zb) ba Which is half
the Vifible Area. .

As to the Optick A‘nch through the Glafs, g oz, 'us zafily
obtain'din the right-angled Triangle ¢ 0z, having ¢ z and z 0.

Draw ao direétly, The Angle a0b is the natural Oprick
Angle, under which the Object would appear to the Eye;
were the Glals removed ; This we obrain in the right-angled
Triangle a bo by having ab and bo- = bz - Ro.

T33: F1.

Scholium  v.

Ifinftead of the Glafles Breadth, we have given the Breadth
r33.5.5.0f the Objet ab e (Tab. 33. f.2.) We may eafily determine
the
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the Portion of the Glals through which this Object is feen.
For from the Point £, draw fa, fc, Thefe Interfeét the Glafs
ing l; 1fayglis the Portion of the Glafs, through which the
Objet ac’is vifible.

And if the Line fm being drawn do not fall on the Glafs,
the Point m in the Object is not vifible through the Glafs to the
Eye at o
Scholium 1.

The foregoing Problem, as it relates to the Optick Angle,
may be folved another way by dc::crmining the Locus Objeck.
But then to the former Dara, inftead of the Breadrh of the Glafs,
we cannot add the Breadth of the Objeét,

This is Evident from Tab. 32. f. 5. To which we may ap- r32:r5.
ply the Words of the Second Scholinm, Prop. XLII without fur-
ther Repetition.

Example of a Calculation according to Prop. XLVL apply'd 733 7.
to Tab. 33. f. 1.

Focus of the Glafs = — — _ 4573.

¢ Breadch of the Glals = ¢x = j00

Diftance of the Obje& = bz = 10000 Darw:
Diftance of the Eye = z0 = 20000

Half the Vifible Area = ab = :

Half Optick Angle = gozx =2 } Lusfit.

Firft by Corol. Prop: XV. 30 4 Fo. Glals : go:: Fo.Gl:zf
That is in Numbers — — 24573 :20000:: 4§73: 3722.
Then — — — — — &f :gRi:bf (= bx+4-2f): ab
That is in Numbers — — — 3722: §500:: 13722:1843.
Laftly in the right-angled Trianglegoz,asz0: Rad::g z:
Tang, £goz = 1" 25 §0. ;
Example Calculated according to the Method Propos'd in
this Second Schol. Prop, XLV bur the Letters refer to Tab, 32. T2 Fs:

f 5
Focus




That is in Numbers — — 10000 :
Laftly inthe right-angled Triangle deo,as oe (=03 4 ze

23138 ): Rad::ed: Tang. £doe = 1" 25 50 agree-
able to what was found by the immediately preceding Caleu-

Diftance of the Objeét = bz = — — — 10000
Diftance of the Eye = 20 = — — — 20000» Data.
Half Breadth of the Object as
Found in the foregoi
Firit f)}f Corol. Prop. X
That 15 in Numbers

nEEmmp]e%':’ =184
V. bz -+ Gl Focus :bx:: Gl Fo:xe

14573 ¢ 10000::4573:3138

ai:ze: ed

1843:: 3138 : 578,

I fhall now fhew, how by this Method of Demonftrating
the Properties, Effects, and Appearances of Glafles ; Some
of the noted Propoficions in Dioptrick Wiiters may be eafily
In which the Authors have been very Operofe, and in
fome very Obfcure.

And becaufe I will not incerrupe the Serics

Prop. XLVIL

For the Lines do,

of my Propofitions, 1 fhall give them in the following Order.

The furtber the Eye is remowed from the Concave Glafs, the Ob-
jett appears the lefs. Zahn Telefcop: Fund. 2. Synt. 2.
Cap. 5. Prop. XXIII Dechales Dioptr, Lib. 2. Prop. LIL.

This is manifeft from Tab. 32. £ 5. For we are to Confider
the Imagedef, in the virtual Focus, as the Objet, and as
looidd at without the Glafs.
termine the Optick Angle, are drawn directly to the Eyeat o.
W heretore it we conceive the Eye oremoved farther from the
Glals; the Angle d o fmuft needs decreafe, and confequently the
Object appear lefs. What is here faid of the Concave may be ap-
31.F3 Pty d to the ConvexinTab. 31.£. 3.

0, which de-

Prop,

L L5



Bagni
Pror. XLVIIL

If a Concave Glafs be removed from the Eye, fo large an Area or
Jpace of the Objeét cannot be feen through it.

Tilis 15 tht‘. 9}"!!.‘ @!ﬁ"!‘?, Uf Kt‘pfﬁ‘r"s :Dfﬂph'ffk:. ‘thrﬂ'n hg
feems to make no Diltinction between removing the Glafs from
the Eye, and removing the Eye from the Glafs. Whereas there is a
very grear Difference between both Motions to be confiderd
in Dioptricks. For in moving the Glafs from. the Eye, the Glafs
Approaches the Object, and the Locus dpparens Objeéti is chang-
ed. Bucin movmy the Eye to or from the Glals, the Locks Appa-
rens Objeéti never alters.  Prop. XXXI, Sec. 7. And from his
Proof of this I‘mPﬂﬁtmn 'tis manifeft, that he fhould haveex-
prefled it chus,

If the Eye be removed from a Concave, Jo large a [pace of the
Object cannat be [een- through it.

Wherefore inltead of the foregoing 48th. Propofition, 1 fub-
ftituce this ; Which is Evident by our foregoing Method from
Tab. 33. f. 3. Whereina be is an Object, ¢ { a Concave Glafs,
othe Eye nigh the Glals, e che Eye more Diftant from the Glafs.
Let the Point of Divergence, anfwering to the Station at o,
be f (determin'd by the foregoing Doctrine ): draw fg a, flc,
directly 4 the fpace vifible ac 0 is ac. - Now, when the Eye is
removed from the Glafs to ¢, the Point of Divergence fhall alfo
be removed from the Glals , and determin’d Ey what fore-
goes, as [uppoleat ¢ ( ull the Eye be at an infinite Diftance,
and then the Point of Divergence is as far from the Glafs as 'tis
pofiible, #iz. in che vircual Foous ) : draw gz ny ¢l m; dicectly;
The fpace vifible at e is nuz lefs than a¢. . Which was to be
Demonfirated.

Or .

T33 F3
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Or otherwife. Tab. 34. f. 1. def is the Locus Apparens 0b-
jecti a bc thmugh the Glafs gl; the Eyeisato; og, ol Pmduccd
directly meet the Image in the Points d, f. Wherefore exactly
the whole Object abe, and no more, is feen through the Glafs
o1 by the Eyeato. LettheEye be removed to ¢ ; if we draw
qd, qf, thefe fall not on the Glals, and confequently the
Extremities of the Object 4 and ¢ fhall not be perceived by the
Eye at g through the Glals. (Schol. 1. Prop. XLVIL ) Draw
therefore g2, 4!, and produce them directly to # and m; the
Points inthe Object y x, anlwerable tothe Points n, m, are the
utmoft Extremities vifible through the Glals g to the Eye atg.
Which Points y, x, ate eafily decerminable by what is laid
down Prop. XL. Sec. 3. For from the Center of the Glafs z,
draw xny, xmx, directly ; y, x, are hereby decermin’d.

As to this 48!1‘-. @i‘ﬁp. viz. That :f‘a Concave Gfaj:; be removed
from the Eye, [o large an Area or [pace of the Objeét camot be
Jeen through it. Tis needlels to enlarge chereon, after our
46th. Prop.

Pror. XLIX.

The farther a Concave Glafs is removed from the Eye, The 0b-
jects are thereby the more diminifbd , as long as the Glafs
continues nigher to the Eye than to the Objeét.

This is the 98th. Prop. of Kepler's Dioptricks. We may find
ic allo, In Cherubin’s La Dioptrique Oculaire pag. 77. Dechales
Dio ptrica Lib. 2. Prop. XX XVIII Herigonii Dioptr. Prop. XXXI.
But in all of them obfcurely and loofely proved. i

The Propolfition is univerfally True, as well in Convex as
Concave Glafles, only with this Reftriction in the Convex,
That the Object is to be nigher the Glafs, than the Glafes Focal
Length. And then we may exprefs che Propofition univer-
fally chus,

A Con-
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Wherefore it remains, that feeing the Glafles do not at all
Exert their Effeéts in eicher of the Extremes, that is, either- tonch-
ing the Eye, or touching the Object: And feeing they Exert their
Effects equally being equally removed from the middle z between
the Eye and the Object; It will follow, thac they Exert their
Effects moft powerfully being placed juft in the middle 3 between
the Eye and Object, that is, the Convex by Magnifying, and

[ 154 ]

the Concave by Diminifhing the Appearance.

And thus much fhall fuffice concerning fingle Glaffes applyd

to the Eye.

Here follow the Calenlations,

10,000

(alculation for the (O N VEX Tab.31.F. 3.

Focus of the Glab =
Breadth of the Obje¢t = ab = 1,000

Given the fame
%in all the Cales.

Firft Cafe.

Wherein the Diftance
between the Eye and the
Glafs oz 15 given great-
er than the Diftance be-

Ldoe=6"§ 15",

Glals b =
Data b# == 3,000
0% T= 9000
% e = 4,286
¢ d = 1419 :

Second Cafe.

Wherein the Glals is
equally diftant from the

Eye and Objec, that is
5 R,

tween the Obje& and

b xn=06o00

Data
¢ == 6,000

— e

% & = '15.000
el =4 %00

ve=o%-%e=13286 se—ozx-tze=12l000l0e=oxtze=

Lidoe=6" 47" 20"

Third Cafe.

Wherein the Diftance
etween the Eyeand the
Glafs oz 15 given lefsthan
the Diftance between che
Obje& and the Glak 6 z

¥

bz = 9,000

iy 6 % = 3,000

% e = 90,000
ed = 1og00
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10,000

Calculation for the CONCAVE Tab. ;2. F. 5.

Focus of the Glals =
Breadth of the Objeét = ab = 1 000

Given the fame
in all che Cafes.

%

F i ﬁ f:ﬁ.

Wherzsin the Diftance
between the Eye and the
Glafs ¢ = 15 given great-
er than the Diftance be-
eween the Objeét and the
Glals b=.

bx.—= 3000

Data § ;o — 9,000

et —

3,308
0,769

= e

e d

nil

de=—oxtze= 11308
. i i
L.doe= 3 %53 10

Second Cafe.

Wherein the Glafs is
equally Diftant from the
Eye and Obje&, that 1,

bs—z¢

Dute bz = 6000
0L = H,000
Te=— 3950
ed — o614
0t —o%-4 % e=g 750
bidoe=13"400",

Third Cafe.

Glafs o = 1s givenlefs than
the Diftance berween
the Objeét and Glafs b =.

—

Wherein the Diftance |
between the Eye and the |

T.32.F.5

Hitherto we have Treated of figle Convexes and Concaves,
apply'd to the Eye. Iproceed now to the Combination of Con-
vexes with Convexes, and Convexes with Concaves; Wherein

the Pro

crofcopes, of all kinds fhall be declared.

X 2

perties, Effects, and Appearances of Telefcopes, and Mi-

Defini-
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Defnitions.
The 0bjeét-Glafs is the Glafs next the Objett.
The Eye-Glafs, fimply (o called, is the Glals immediately next
the Eye. Buc if there be more than one, ‘the firf} Eye-Glafs is
that next the Obje&t-Glafs ; the fecond is thac next the firft, &c.

Pror. L.

The ‘Telefcope, confifting of a Convex Objelt-Glafs and a Convex

Eye-Glafs of a lefs Sphere or greater Convexity, is explained.

Tab. ?5. f. 1. Let chere be a Diftant Obje (uch as 4B C;

From whofe higheft Poinc 4 lec the Rays 44 4, mark'd by the
long Pricks, proceed. And from the middle Point B, let
the Rays exprefled by the continued Lines 555, proceed.
And from its lower Point C, the Rays mark'd by the round
Pricks ccc. And fo Rays from all the other Points in the
Object.  Thele falling on the Objeit-Glafs xyz, are formed
thereby into the Diftinct Bale fed. Let now the Eye-Glafs
g bl be placed as far diftant from this Diftin&t Bafe f e d, asis
the Focus of this Eye-Glals, that is; Lec e h be the Focal
length of the Eye Glals gh! ( And confequently the Diftance
of the Glafles y b is the Aggregate of both their Focal lengths )
And Jec the Eye o be placed ‘as far diftanc ( or rather a little
more diftant ) from the Eye-Glafs g b/ as is the Focal length
of the fame Eye-Glafs. I fay the Eye fhall perceive the Object
ABC, Difinét, Magnified, and Trverted,

Firft, Ifay the Objetis feen diffinétly.  Forthe Rays from
each Point, being made by the Object-Glafs to Converge to-
wards the Diftinct Bale, proceed forward from the Diftince
Bale Diverging, and fo fall on the Eye-Glafs, Thus the

Rays
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Rays bx, by, bz, from the middle Point of the Object B,
arc made to Converge into x¢, ye, xe; Aad croffing at e, they
flow forward, and fall on the Eye-Glafs about b Diverging;
Wherefore the Point e being now in the Focus of the Eye-
Glafs, the Rays that flow from it upen the Eye-Glals, aéer
pafling the Eye-Glafs become parallel (Prop. VI.) and fall
to on the Eye ato; By whofe Coats and Humors they are re-
fracted and brought together on the Point s on the Retina (Prop.
XXVIIL Sec. 7.) there painting the lively Image of the Poine
B in the Object.

Secondly, In like manner may we conceive the Reprefencation®
of the Collateral Points: thusche Rays ax, ay, az, proceed-
ing from the upper Point A of the Object, are by the Objece-
Glals x y x made to Converge towards the Diftinct Bafe in 4;
From whence flowing forward they fall Diverging on the Eye-
Glafs at/; by which they are made to run parallel amongft
themfelves, and are bent towards the Focusato; where falling
on the Pupil parallel, they are by the Eye refracted and
bmltht together in the Point » on the Reting. There paint-
ing the Reprefentation of the Point A in the Object.

Thirdly, That the Rays Rowing Diverging from each parti-
cular Point in the Diftinct Bale f e d are brought by the Eye-
Glafs to a Parallelifm among(t themfelves, is manifeft from
Prop. VL. -~ And that the Rays from f; frome, and from d,

are mixt and confufed by the FyeGlafs in its Focus at
o (or thereabouts) is manifelt from hence, that we may
conceive one Ray in the Cone of Rays ¢ f, or in the Cone of
Rays zfx, that runs parallel to the Axis yebos, or at Jealt
that would run fo parallel, it the Breadch of the Objed-Glals
in refpect of the Breadch of the Eye Clafs will permic.  This
Ray, I fay, by the known Properties of the Convex Eye-
Glafs, fhall be refracted into its Focus ate; and all che other

Rays of the fame Cone f g, after palling the Eye Glafs, ﬂ]iﬂ
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be refracted and made to proceed parallel to that fingle Ray,

that is bent into the Focus o, becaule the Point f is luppofed
in Cother Focus of the Eye-Glafs. Wherefore the Rays from

all the Points in the Diftinct Bafe are confounded together abour

the Focus of the Eye-Glafs.

Fourthly, Or otherwife I {hall explain this matter thus; If we
conceive y, a Radiating Point, Iendin% forth the Rays yg,
3 b, 31z And the difference between the Focal length of the
Object-Glafs and Focal length of the Eye-Glafs to be very great
(as fuppofe the Object-Glals to be twelve Foot, and the Eye-
Glafs three Inches) we fhall find by Prop. V. the Point o,
where the Rays ¢ 0, {0, crofs the Axis or Perpendicular Ray
ho, to be very nigh the Focus of the Eye-Glals (wiz. in our
Suppofition h o thall be 3 063 Inches ) and let the Focal lengths
of the Object-Glafs and Eye-Glafs bear whatever Proportion,
the Point o, where g o, lo, {hall crofs ho, may be determin'd by
Prop. V. But then indeed the Rays that fall on the Eye without
70,0t within it, do crofs the Perpendicular Ray ho, farther from
the Eye-Glafs, or nigher to the Eye-Glafs than goit felf; For
they do not proceed from the fame Pointy; And go is only
the Refraction of the Ray yg. And therefore, unlefs the dif-
ference between the Focal lengths of the Object-Glafs and Eye-
Glals be (onfiderable, the Eye may move confiderably nigher
to the Eye-Glafs, or farther from th Eye-Glafs than the Point
o, and not perceive any Alteration in the Appearance of the
Object.  Bu if the faid Difference be Confiderable, (as it always
is in Telelcopes ) the Eye can move but very little either far-
ther from or nigher to the Eye-Glafs thamo, but it fhall perceive
agreac Alteration in the Appearance ( that is; in the Vifible
drea) of the Object. As fhall be manifefted more plainly
hereafter,

From all which it appears, That the Pupil of che Eye at o,
being in the place of the greateft Confufion, where the Rays
from
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Experiment. Stretch an Hair exaltly in this Diftin Bale, it
{hall appear as it were fixt to the very Object. Fid. Chap. 5.
Sec. 3. of the Second Part.

ProP. LL . xidi,

If the Eye dircéily approach to or recede from an Object; it fhall
be, as the Tangent of the Semioptick-Angle of one Station : to
the T‘angmt of the Semioptick-Angle ff t'other Station: : So
(reciprocally) the Diftance of the Eye from the Objeét in this lat-
ter Station = to the Diftance of the Eye from the Objelt in the
Former Station.

Tankg  Tab.35.f. 3. Letabe be an'Obje&t, from whofe midd[f;*

Point ¢ erect ¢ e Perpendicular to ab. Let the firft Stacion of
the Eye be ate, and its fecond Station at d; and draw ad, ace;
I fay therefore, Asce: to.cd:: foTangentof the Angleadc:
to the Tangent of the Angle aec.

i}emaﬂ/?mtion.

Produce ¢ 4 infinicely towards 3, draw e g parallel to ad,
The Angle zec is equal to the Angle adc (29. 1. Eucl)
then e ¢ being put Radius, xc is the Tangent of the Angle
zec = adc; Andac isthe Tangent of the Angleaec. And
icthall be, Asce: tocd:: f0xc: w0ac: (2.6, Eucl.) which
was to be Demonftrated.

This is the 31 Prop. of Gregorii Opt. Promot. but there other-
wile Demonftrated.




[ 161 ]

Prop LIIL LeMma 2.

If the Eye directly approach to, ar recede from an Objeét, its appa-
rent Bignefs increafes or diminifbes, as the Tangents of the
Semioptick-Augles at one and t other Station,

O This is manifelt, for the Eye ac d (Tab. 35.£. 3.) fees acras ;.
i as big as the Eye at ¢ would fee 3¢, by Prop. XXVIIL Sec. 6.

« i Becaule the Angles adc, zec are equal and Que fub equali

mth Apparent Angulo, AEqualia widentur. So that the Eye advan-

cing from e to d, fees a ¢ as much bigger, as if, continuing at ¢, the

| Object ac had increafed to ¢ z. :

,:.-‘{ " Corallary.
0

" From this and the laft Propofition it follows, that if the
Eye direétly approach to or recede from an Object, its appa-
" rent Magnitude increafes or diminifheth, as the Diftances of
one and t other Station reciprocally, thatis, the apparent Mag-
nitudeof 4 ¢ to the Eyeatd: is to the apparent Magnitude of
" acrothc Eyeate:: asce: tocd.

Px oer LIIL

A : : ; : ]
The apparent Diametral Magnitude of an Object viewed through

the Telefcope of Prop. L. I: to the apparent Diametral Magni-
tude of the Object viewed by the naked Eye at the Station of the
Objeét-Glafs : : As the Focal length of the Objeét-Glafs : to the
Focal length of the Eye-Glafs.

This is the gieat Propofition afferted by moft Dioptrick Wri-
ters, buc hitherto proved by none (for as much as I know )
' : Y they
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the Angle f hd (as well by what foregoes in Prop. L. Sec. 3.
¢ 5. as by Prop. XXXIV, ) And the Angle fhd is equal to
the Angle fgq d.
Wherefore were che naked Eye atythe Station of the Ob-
jeét-Glafs, it would perceive the Object under the Angle fyd
= ¢yc¢. But now being armed with the Telelcope, it fees
the Object under the Angle fgd.  Let us take their halfsfye,
fqe; and confider fe, half the Diftinét Bale, as the Object
viewed by the naked Eye acthe Stations y and g. Ifay ( by
Lemma 2.) The apparent bignefs of the Object f ¢ at the Station
q: Istoits apparent bignefs at the Stationy :: As the Tangent
of the Angle f g e: To the Tangent of the Angle fy e
But (by Lemma 1.) the Tangent of the Anglefge: Is to
the Tangent of the Angle fye:: Asey: To eq
Therefore the apparent bignels of the Object f e at the
Station ¢ : Is to its apparent bignefs at the Scation y:: Ase y :
To eq: that is, Asthe Focal length of the Object-Glafs : To
the Focal length of the Eye-Glafs. Butthe Angle gob, under
which the Eye fees half the Obje&t through the Telefcope, is
equal to the Angle fhe or fge. Therefore the apparent Dia-
metral bignefs ot an Object viewed through a Telelcope: Is to
B the apparent Diametral Magnitude of the Object viewed by
Laner 4 : . R
the naked Eye at the Station of the Objeét-Glals ;: As the

Focal length of the Object-Glafs: To the Focal length of the

l"f'.fuﬁ Eye-Glals. Which was to be Demonfirated.

i The fame may be declared otherwife. Thus; Tab. 3§.735F:.
f. 2. Lecus {uppole the naked Eyeat hto view the Object In-

[hd win

hemage

e L":"' verted by means of the Diftinct Bafe fed ; The Inverted Ob-
'hﬁlz‘jf ject fhall appear under the Angle fhd (by Prop. XL.) Bue
:};r:'Tf the Eye at o through the Glals perceives the Inverred Image
s of the Object under the Angle gol equal to fh 4, (by Prop.
1”.1""':““ - XXXIIL ) and f hd is equal o fqd, and conlequencly (as
'Lﬂf‘il‘f' in the foregoing Demontftration ) the Propoficion 1s manifeft,
fqﬂ; Y 2 : I (hall
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I fhall now mention the common Method for trying. the
Truch of this Propofition by Experiment.  Having I:%E Focal
length of an Obje&-Glafs (for Inftance ) 144 Inches, and
the Focal length of an Eye-Glafs three Inches. A Telelcope
compofed of thefe, fhall make the apparent Diametral Magni
tude of an Obje&t: To the apparent Magnitude of the fame
Objeét viewed by the naked Eye:: As 1447 To 3:: or
48 : To1. Wherefore, fuch a Glafs is faid to Magnifie 48
times in the Diameter of the Object, and 2304 ( = Iquare of
48) in the Surface of the Object.  The Superficies of like Fi-
gures being to eachother, ‘as che Squares of their Diameters, or
Homologous Sides. :
\Wherefore from a convenient Scale take one'part; and there-

with defcribe a Circle; And from the fame Scale take 48 -

patts,. and defcribe-another Circle. Let thefe two Circles be
cut outin Paper, or other Confpicuous Material, and placed at
three or four Foot from each other, on 2 Wall at fuch a Diftance
as will require the length between the Glafles in‘the Telefco
buc juft 147 (= 144 + 3) Inches, to'fhew thefe Objeéts
diftinctly ; Then with one Eye through-the/Telefcope obferve
the (maller Circle, and at chesfarne time with tother Eye
naked look upon the greater Circle; thefe two Circles {hail
appear equal to both: Eyes.

Perhaps it may be objected, That the Comparifon is not
fair between both Appearances. ~ For the Propofition fuppofes
the naked Eye at the Station of the Objett-Glafs ; Bue chis
Experiment lets the naked Eye Diftant from the Objedt-Glafs
the whole length of the Telefcope. © This would be 2 mate-

rial Objection againt chis Method of Tryal, were not “the

Diftance of the two Circles from the Eyes valtly greater than
the length of the Telefcope;. (o that che Telelcopes length may
not bear any fenfible Proportion thereto.  And fuch we fup-
poleitin chis Experiment, by advertifing chat chis Diftance is

¢

|
|
l
|
|
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to be fo great, chat the Diftance becween the Glaffes may be
no longer than for viewing a Diftant Obje&, viz. the jult
Aggregate of the Focal lengths of the Glafles, that is, 144
3-= 147 Inches, thatis, ye4-eh =yh
I thall now give an Example of a Calculation according to

this Propofidon. Wherefore in Tab. 35. f. 4. lec ustake the 35 Fy

Moon ABC. for our Diftanc Objett ; and lec us [ppole
its Diameter to [ubtend an Arch of a great Circle of Heaven of
30  Minutes. Let the Ray ayd proceed from its upper Limb,
b ye from ics Centre, cyf from its lower Limb. Thele crofs
in the Vertex y, or muddle Point .of the Object-Glafs xy 3;
making the Angle fyd = ayq, cquﬂ to 30° Minutes. - Let
the Focal length of the Object-Glals ey be given twelve Feet
= 144 Inches, or 144,00 Parts ;. And the Focus of the Eye-
Glafs b e be given three Inches,or 3 0o fuch Parts.Let the Diftinct
Bafe, wherein the Image of the Moon is Projeéted by the Ob-
ject-Glafs be fe d, anddraw f h,d b. It is fhewn before that the
Angle g0 h is equal to the Angle b e

Wherefore in the Righr-angled Triangle fey, we have ey
= 144,00, and the Angle fy e = 1§/, to find fe = 0,63.

, . "Fhen in the Right-angled Triangle feh,we have be = 3 00,
and fe = 0,63,to find the Angle fhe =11’ 51" 40",

Wherefore the Semidiameter of the Moony which by the
naked Eye would be feen under the Angle of 1§ Minutes, is
feen through this Telelcope under an Angleof 11751 40

Let us now enquire, Whether the Object appearing under
an Angle of 1§ Minutes, and being afcerwards made to ap-
pear under an Angle of 11° 51’ 40", doth not thereby appear
48 times bigger than naturally. - (for fo much, by what fore-
goes, does this Glafs Magnific ).

And for {hewing this,let us imagine fe increafed 48 times its
length 0 63; And then inquire what Angle f y e would be. W here-
fore fe is now [uppoled = 30.24/=48 times 0,63; Then

in
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in the Right-angled Triangle fey, we have fe = 30,24, and
ey = 14400, to find the Anglefye = 11751" 40", Which
{hews that the Semidiameter of che Moon, being made by the
Glafs to appear under an Angle of 11° 51' 40, is feen by che
Eye as big, as if the Semidiameter of the Moon it felf were
really increafed 48 times, and viewed by the naked Eye.
Which is the propofed Defign of this Calculation.

Corollary 1.

From hence it follows, That the fame Object-Glafs being
at one time combined with an Eye-Glafs whele Focus is 1.
And at another time with an Eye-Glafs whofe Focus is 2. The
firft Telefcope Magnifies twice as much as the lacer.

Corollary 2.

Suppofing two Telefcopes of different lengths ; If the Fo-
cus of the Eye-Glafs of the fhorter bears the fame Proportion
to the Focus of its Object-Glafs, as the Focus of the Eye-
Glafs of the longer bears to its Object-Glafs : Thefe two Tée-
lefcopes Magnil‘;se equally.

And herenpon perhaps it may be enquired, To what end
then is all the Pains and Trouble in forming and managing
Telelcopes of 30. 40. 50. 100.200. 300, ¢¢. Feer; When
Objects may be Magnified as much by {maller Object-Glaffes,
or Object-Glaffes of fhorter Focal lengths, combined with Pro-
porcional Eye-Glafes 2

[ anfwer Ficft, That Object-Glaffes of a {horter Focus will
not bear proportionably Eye-Glafles of fuch fhort Foci, with-
out coloring the Object and rendring it dark, as Object-Glaf-
fesof longer Foci.  For Inftance, let us fuppofe thac an excel-
lent Object-Glafs of twelve Foot Focus will receive an Eye-

Glafs
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{als of no [horter a Focus than three Inches with Clearnefs and
Diftinétnefs. T fay an Obje& Glafs of 24 Foot Focus of the
fame Perfection fhall receive an Eye-Glafs of lefs chan fix Inch-
es Focus with equal Cleamefs and Diftinétnels. And per-
haps it may take an Eye-Glals of five or four Inches Focus. And
then an Obje&t-Glals of twelve Foot with an Eye Glafs of chree
Inches Magnifies but 48 times. But an Object-Glafs of 24
Foot with an Eye-Glals of four Inches Magnifies 72 times,
viz. § more than the former, which is a great Difference, and
of vaft Adv;m-‘age, when it may be obtained with the fame
Clearnels and Diftinctnels. I confels the longeft Telelcopes
do generally render the Objects more Dark and Oblcure, yer
when fhorter Glafles have proportionably as fhort Eye Glafles,
and as clofe Apertures, they are more Oblcure, than the longer
Telelcopes.

I anfwer Secondly, Thar the Image of the Moon or other
Object in the Diftincr Bafe of an Object-Glals of 24 Foot is
ewice as long as che Image in the Diftinct Bafe of an Object-
Glafs of twelve Foot.  And confequently we f(hall not won-
der, that the Picture in che former, thould be much more Di-
ftinct and Perfect, than in the lacter ; As 'tis much more eafie
to reprefent every Fearureand Line of a Face in a large Piece,
than ina fmall Piece of Miniature.

Corollary 3.

And if the Obiject-Glafs be formed on a lefs Sphere than the
Eye-Glafs (as fuppole the Object-Glafs formed on a Sphere
of fix Inches Raduss, and the Eye-Glals onia Sphere of twelve
Inches Radius) hereby the Appearance of the Object fhall be
Diminifhed. And the Appearance through ' the Glafs fhall be
to the naked Appearance as fix to rwelve, or 3 the Natural

Appearance.
23 Scholium,
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Scholiym.

From hence it is manifeft, how requifice it is in relating any
Phanomena oblerved by the Telefcope (or even by the Micro-
{cope ) to mention not only the length of the Tube in general ;
But to i"peciﬁc the particular Focus of the E?_vc-Glafs, as well
as of the Object-Glals; as alfo the Aperture of the Object-Gla.
For by this means, they that intend to obferve the fame Phieno-
mena, may underftand how to adapr their Telefcopes proper
for the Obfervation, This the Learned and Ingenious Monfieur

fugens in his Syltema Saturnium puts down exaétly, pag. 4.

Where alfo we find this Paflage.  Illud in Dioptricis Noftris De-

mionftratum invenictur, Specici per Tubum vife ad eam que Nudo
Oculo percipitur, hanc fecundum Diametrum fﬂ' e Rationem, que
Diftantic Foct in Exteriori vitro (Gt'rjefﬁw Scilicet) ad illam que
in Inferiori five Oculari vitro eft Foci Diftantiam. Buc hicherto
we are {0 unhappy asto want that excellent Perfons Dioptricks.
In the mean time, let that which I have given in the forcgﬂing
Prop. LIIL ferve till a better be offered. :

Pror LIV. Pros L

To Determine the dngle received by a 'I}fgﬂ:ﬂpc of the farfgoiﬂg
Combination. The Rule is, as the Diftance between the 0b-
ject-Glafs and Eye-GlafsTo balf the Breadth of the Eye-Glafs ::
So Radius : To the Tangent of half the Angle received,

T35 F2" Tab.'35. f. 2. The Diftance of the Glaffes is by. Let half

the Breadch of'the Eye-Glalsbegh. - Then, ashy: To gh::
So Radius: Tothe Tangent of the Angle gyh, which is half
the Angle gy, the Angle received. That is, the Eye at o
fhall perceive no more of the Object, than fubtends this Angle

efore the Object-Glals, SrFm!.

.......
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Scholium 1.

Buc if the Eye Approach nigher to, or recede further from
the Eye-Glals ¢ bl (Tab. 35:f. 1.) than is Focus at o, itTs5.Fo.
{hall perceive a lefler drea of the Object, though what it fees
fhall be as Diftinét as at o, For let us fuppole the Pupil of
the Eye at m; The Rays go, [0, do not enter the Eye, and
confequently the Points 1n the Object anfwerable to f, 4, in
the Duftinét Bafe, fhall notbe yifible, The fame may be con-
ceived if the Eye recede farther from the Eye-Glafs than o ; be-
caufe all che Rays from the feveral Pointsin cthe Object are mixe
together, and interfect at o, in the Focus of the Eye Glafs, and
thence flowing forward they feparate and Diverge. But then
the Eye at m reccives the Rays, that do enter it, Parallel or
at lealt a very litle Diverging ; and conlequently the Vilion
15 Diftinét,

Scholium 1.

From hence alfo ‘tis mamifelt, chat che Angle received, or
Vifible 4rea of the Object, is not increaled or diminifhed, by
the greater or leffer Aperture of the Object-Glals, For the
Angle gy continues the fame, though the Object-Glals were
all covered to the very middle Point y.  All that is effected
by this greater or leffer Aperture is the more Bright or Objeure
Appeatance of the Object. - Buc of this more fully in cthe next
Propolition.

Proer. LV.

fﬂnc:r:mg the Apertures a}r ﬂe’rjfff Ge'dﬂz’s.

By the dpertwre of 2 Glafs I mean, that part of the Glals

which 15 left open and uncovered.  And this ought to be va-

7 rious
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rious according as we would have more or lefs Light admitted.
It alfo varies according to the various Focal lengths of the Ob-
jet-Glaffes. For a ten Foot Obje¢t-Glafs fhall bear a greater
Aperture than an Object-Glafs of one Foot ; and atwenty Foot
Glafs yet greater than a ten Foor Glafs.

But at what Rate or Proportion the Apertures of Glaffes
‘alter in refpeét of cheir lengths, is not yet well feded.

Monfienr Auzont, ( Phil. Tranfaét, N. 4. P. 55.) Tells v,
that be finds, That the Apertures, which Glaffes can bear with
Diftinétnefs, are m ( about’) a Subdnplicate Ratio to their lengths :
Or as the Square Roots of their leagths.  Whercof he intends
to give the Reafon and Demonitration in his Disptrica ( which
we yet want.) But this Ingenious Perfon {hould have rold us,
when he fpeaks of the Apertures of Glafles, whether he de-
figns them for Objects on the Earth or in the Heavens. And
if in this lacter, wfle:her for the Maon, Mars, Tupiter, or Fenus.
For each of thefe Objects will require a different Aperture of
the fame Glafs. Becaufe the Strength of their Light is diffe-
rent. For to view Penus there is requifite a much (maller
Aperture, than to view the Moon, Saturn or Fupiter.

However till fome better Rule 'can be found for ferling che
Apertures. of Object-Glaffes ( which at prefent T fhall not pre-
tend to ) I fhall here Prefent you with Mr. Auzont’s Table, as
'tis to be found in the fore-cited Philofophical Tranfattion, Numb.4.
Noting only, that his Feet are Parifian Feet (which is to che
London Foot as 1068 : to 1000) and each Inch ( whichiis
the # part of his Foot) is {ubdivided into twelve Lines. Foric
had nor been worth our Pains to have reduced the whole Table
to our Enghifh Meafure. Vid. Tab. 3 6.

I have faid before (Schol. 2. Prop. LIV.) Thar the Angle
received, or Vifible rea of an Object, is not Increafed or Di-
minifhed by the greater or lefler Aperture of the Object Glafs;
all that is effected” thereby is the Admittance of more or lefs
| Rays;










[ 11 ]

Rays; and confequently the more Bright or Obfcure Appear-

ance of the Object. Tab, 35.f. 5. Let the greater Aperture ry; ¢

ad

of the Object-Glals xyz be xz; And the lefler Aperture m .
a bis a Remote Object Projected in the Diftinét Bafe def.
The Cone of Rays x a x is Projected in the Cone of Rays
x d z; And confequently the Cone of R:].(S man (as be-
ing a part of the former x 2z ) fhall be Colleéted at d in the
Cone m d n. But then by chis latter Aperture m n, all the
Rays that fall on the outward Ring of the Glals, here expref-
fed by xam, 3 a u, areexcluded, and confequently the Point
d fhall not te illuftrated with fo much light as were the Aper-
ture as wide as 3 x. - And therefore (fuppofing an Eye-Glafs
behind this Objeét-Glals, fo as to conftitute a Telelcope) fuch
a vigorous Light from each Radiating Point in the Obje&t will
net be brought into the Eye.

* We have the exact Natural Refemblance hereof in the Eye
it felf: whofe Pupil is contracted and dilated, according as
the Lighe of an Object is more or lefs Iatenfe,

Another Partcular, wherein this Contraction or Dilatation
of a Glaffes Aperture is requifite, is this ; An Object may be
(o nigh a Glals that the Rays from each fingle Point, falling
upon the whole Breadth of the Glafs, may Diverge o much
that the Glal is not able to Correct che Divergence of thofe
Rays that fall towards its outward Borders, fo as to reduce
them to Determine or Unite in the Diftince Bafe with thole
Rays, thac fall nigher the middle of the Glals (as before is
noted after Prop. IIl.) And then tis 1‘::quiﬁte to contract the
Aperture of the Glaks, fo as'to exclude thele Exorbicant Rays.
A notable Experiment of this we may make by holding 2 Minute
Object very nigh the Pupil of the Eye, the Objecc fhall appear
very Confufed.. Buc by applying a Paper with a fmall Pin-hole
before the Pupil, it {hall reduce the Appearance to much more
Diftinctnefs than before,

y 40 Prop
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Provpr LVL

The Telefcope Confifting of a Convex 0bjelt-Glafs, and Three
Convex Eye-Glaffes is Explained.

I have fhewn in Prop. L. €. the Nature and Properties of
the Telefcope confifting of a Convex Object-Glafs, and Con-
vex EyeGlafs. | have fhewn how the Image of the Object
being formed in the Diftinct Bafe of the Object-Glafs xyz

.« ( Tab. 35: f1) _b}r the Rays from each fingle Point of the

Object there uniting, ‘and flowing forward on the Eye-Glafs]
are thereby “all collected together and confounded in its out-
ward Focus at o

Now (in Tab. 37. Figz. 1.) Let us Combine two other

Eye-Glaffes k, /, with the faid Telefcope of Prop. L. And
place them fo, that the Diftance between the firft Eye-Gla6s b,
and the fecond Eye-Glafs k, may be the fum of their Foei.
Alfo that the Diftance between the fecond Eye-Glafs &, and
the third Eye-Glafs /; ‘may be likewife the fum of their Foci.
So that all the Glaffes are Diftant from the next adjacent Glaf-
fes, the fom of their Foc.. ~ Only here it may be noted, thatto
caufe Diftiace Vifion through this Telefcope, “tis not abfolutel
neceffary that the fecond Eye-Glafs & be exa&ly Diftant from
the Focus o of the firlt Eye-Glafs b, thejuft length of its own
Focus ; For it may be more or lefs ; but then the Vifible Area,
and Magnified Appearance of the Object fhall be altered.  As
will be manifeft atcer we have explained chis Glafs to thofe that
confider it.

It is then evident that the firft Eye-Glals b mixes all the Rays
from different Points in the Focus at o3 from whence they How
forward, and fall upon the fecond Eye-Glals ‘& ‘each parcel
of Rays parallel amongft chemfelves ;- And by the ‘Glafs & are
formed
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formed into the fecond Diftinét Balz ¢ m n. For we may
imagine the middle Ray o4 ro proceed directly from o, the
Focus of the Glals k; u.h::nimc o q (hall be refracted lJr the
Glafs k, and be made to run in ¢ g parallel to its Axis k m. And
then all che other Rays that are pu.ﬂlr:i to0 04 before they enter
the Glafs k, after they hive pafied the Glals k, do unice with

q¢ in the Focus of the Glafs k, and fo the if:coml Diftinét Bale

gmn is formed.

Or otherwife. We may conceive the Glafs & to be the
Cryftalline of the Eye, looking through the T{‘:fi-.{'rpt of
Prop. L. by. And as the Cry ftalline n thae Cafe does by
means of the Glals b form in It‘i Focus onthe R Retma tl 1f[rn*;‘
of the Diftinét Bafe f ¢ d; So may we imagine the Glalsk to
formin its Focus gmn, by means of the Glafs b, the Image
of the Diftinét Bale fe d

Then from the fecond Diftinct Bafe ¢ m nthe Rays proceed
as is exprefled in the Scheme, and fall on the chird Lu. Glals
l; By whofe means we may imagine the D:H:ln& Bafe T mn
projected diftinétly on the '.-'Urmz of the yer/ft, in the | lame
manaer as is fhewn before in the Telelcope ni rop. L

And here we ¢ may oblerve that the Image on the Retina rst
15 Imem d, therefore the Object fhall apj sear Fret, Pr op XXVIIL

iy’ % _

f"md we may conceive this fort of Telelcope as a double
Telelcope of Prop. L. For the Glafles b, y, make one Telel
cope; And the Glafles &, |",_.1n other.  And as the former
by it felt Inverts the Object; lo the latter wich the former ; '
verts the Tnverted Image ; and confequencly makes the Obje
appear Erett.  Yeric has been lately Publ! ilhdin th )’uu: na ‘ de's

Scavans 17. Sept.1685.as a ver v difhcule Problem in Dio __:\__,
why four Glafles in this ]\l..d of Telefcope reprefent Ob-
jects Ereét? 1 think I have mlud this Problem to fanstaction,

" | —— re I N B i Jok il
ald Imn [1' ";n"l 15 _I_"i.]...,- 1LE3 O L%léiid 1-'-"_,-' i il'-'n__rJ'

1
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phical Tranfactions. As alfo in the Bibliotheque Univerfelle &
Hiftorigue de ' Anee 1688, Tome 3. pag. 329. Buc the Learned
Author of thislatter in his Traoflation has miftaken my Senfe
.in one Pardcular. [ fhall chercfore giveic here agait: in the

E:ﬁjﬁ::j’ikaC{}nL‘i Part of this Work Chap. 2. _
tesecond — Concerning the Magnifying Power of this Telelcope; our
s e Prop. L. will direét us how to Calculate it. For by that
il Propofition ‘tis manifeft, that if the feveral Eye-Glafles b, &, /,
""" be of equal Foci, and the Diftance becween b and & be the fum
of both their Foci, thatthen the apparent Diametral Magnitude
of an Object through the Glafs, 1s to the Diametral Magni-
tude viewed by the naked Eye, as the Focus of the Obfjccc-
Glafs, to the Focus of any one of the Eye-Glafles, Butif che
Foci of the Eye-Glafles b, k, /, be different, or the Diftance
between b and k different from the (um of their Foci, then to
obtain the magnified Appearance, we muft have Recourfe to
Calculation. Wherein the Cales are fo very various, that to
infit on them all would be rerg tedious, and infinitely labo-
rious.  For the Focus of b may be greater, equal, or lefs than
of korof [; and fo of k than of [ or b; and (o of [ than of k
or b; As likewife the Diftance between k and h may be infi-
nitely varied, I fhall therefore pafs this over; A little Confide-
ration of the feveral Varieties will make any of them plain,
and thew how they may be eafily Calculated by thofe verfed
in the foregoing Doctrine, For 'tis but confidering, how the
Diftinét Bafe g m n is Projected, whether equal to, greater or
lefs than the Diftinét Bafe fed; And how the Eye-Glals !/
conveys this Diftinét Bale gmato the Eye,
In like manner, by Prop. L1V, may the Angle received, or
Vifible 4rea of an Object through this kind ot double Telef-
cope, be Determined, as in the fingle Telelcope; Refpect be-
ing had to the feveral Apertures, Foci, and Diftances of the
feveral Eye-Glafles b, k, /.
Scholinm,




gl b B
S ;‘.’Jﬂf ﬁ‘iﬂl.

From the Explication of this kind of Telefcope, and of
that in Prop. L. may we eafily apprehend the Theories of the
various Combinations of Convex-Glafles in the Compofitions
of divers Telefcopes of 3, 4, 5,6, 7, 8, ©c. Glafles,

Wherefore in explaining any kind of Telefcope, we are firft
to obrain (by fome Practical Rules to be deliver'd hereafter
®Part 1. Chap. 4. Sec. 3. ) the Focal length of each particular
Glafs by ir {elf. Then we are to conftder the Diftances of each
of thefe Glafles (as they lye in the Tube) from the Glaffes
before and behind it.  Afterwards we are to confider, where
the Diftinét Bale, or Diftinét Bafés are formed by thefe feveral
Glaffes, and how they are Projected as to Amplification or
Diminution, which is eafily found by the Doérine before de-
livered. And then how the Eye-Glafles affect thefe Diftinct Ba-
fes; As how they Confound them, Rectifie them, Invert or
Magnifie them.

For the Refult of all is this, that the Rays from the feveral
Images in the feveral Diftinét Bafes, {hall be Confounded on
the Pupil of the Eye, inorder to be rectified by the Cryftalline,
which ( as has often been intimated) we may confider as a
Convex-Glafs, whofe Focus is on the Retina. And from a
due Confideration of the Premifles, it will appear why {ome
Telelcopes confifting of Convex-Glafles reprefenc the Object
Ereft, others Inverted ; in fome one Glals is.co be taken as o,
in others two Glaffes perform the Effect but of one.

And thus all the Combinations of Glaffes expreffed in the
8,9, 10, 11, v2. Iconifmes of Zahn Tele[cop. Fund, 2. Syntag, 3.
Cap. 6, 7, 8, 9. arcealily explained, with a thouland other Va-
reties.

Propr.
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cus of the Concave Bye-Glafs. - Then the Rays: (for | n tance )
from the middle! Poine, x4,y h, g 'k, falling on:the Con-
cave and Converging tnwnrds its  Focus e, afcer palfing ‘the
Glals become Parallel ( Corol. Prop. XIIL ) and run onwards
inim, be, kn. The fame may, be conceived of che Rays
from'the Collateral: Points ; 'which‘Converge towards the Fo-
cus in f and-d; wiz, thav thele alfo 'afeer p.liI'nﬂ the Concave
Eye-Glafs, do prncerd onwards Parallel amongft themlelves.
But cunctrmng thele Rays from - the Collatefal | Points, we
muft note alfo; ‘Thar asic [.‘: thewn beforein Prop. L. Sec. 3 354
Concerning the Convex Eye Glafs bl ( Tab, 35, ,r b ) chaeT3s Es
it brings the Rays of the Coll ateral Points fa, d P.,rn,llgt
among(t themfelves into its Focusato:  So the Concave Eye-
Glai'sgbf (Tab. 3
fore in ’Pmp L. Sec. 3, 4. Mutatis Mutandis, makes the [everal
parcels of Rays from the Collateral Points, after paffing it to
Diverge, as i they prﬂ::e:.d{.d directly, from the Point p; pb
and he being equal, and cach equal to the Focal length of the
Concave F}c Glals.  Thefe things beng fully confidered ; we
roceed i the Explication of this Telelcope: ~And therefore
now let us apply the Eye thereto ; /Aad this allo m a Jarge Fi-

gure, Tab.37.1. 3. T.37. Fae

I 1.1} fi-ft, the Ohrm.tppcara through this Glals Diftiei ; For
by what furtgot.s the Rays from each. lingle Po:nt, dofall on
the Eye Paralle! .Jrnlmgl’: themfelves; And thetefore e u..u Point
(by Pr.XXVIIL) is dajhn Hy reprelented on the Fund of the Eve.

[ fay fecondly, the Object appears Erect. For 'tis m aniteft
by the Inlpedmﬂ only of the Scheme, that the Rays 1uﬁ1|nw
ffom the lower Point of the O,}r\ft, are Terminated at ¢ the
upper Part of the Retina. -~ And the Rays from the upper Point
of the Objet are Terminated at r. the'lower Part of the E'FU
So that the Image is painted nverted on the Rerina.  And there-
foreby Prop. XXVIIL the Object appears Erect,

J".'L - 1 E .:\-

37:f- 2.) for the faime Reafons exprefled be- T4 F1.
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I fay laftly, the Objeét is Magnified by this Glafs.) - For the
Proof of this we are to remember, what foregoes in Prop.
XXXVII..'Tis there declared, ‘that if an Objeé be Projected

..bya Convex-Glafs xyg (Tab. 37.£.2.) in the Diftin& Bale

fed; And the Eye be placed any where between the Glafs and
the Diftiné Bale; as fuppole at b, draw f b, d b, and the Object
appears under the Angle f-hd, which is much greater than f y d,
the natural Optick-Angle. . The fame will hold, though we
interpofe the Concave-Glals g /; for the Ray x ¢ from the Ob-
jects lower Point, thacruns Parallel to the Axisb ybe, is Refra-
&ed into o1, as if it came direétly from the Point p. = And fo
the Ray z [ from the Objes upper Point, that runs Parallel
to the Axis byhe is Refracted into [r, as if it came diredly

from the fame Point p.  Ifcherefore we (uppofethe Raysxgf, .

z 1d, Parallel tothe Axis; theng ! fhall be equal to fd ; And
p b being by Suppofition equal to be, pg¢ fhall beParallel to
bf; And plrfhall beParallel o bd. And confequently the
Angle ¢ p/ {hall be equal to the Angle fhd. Wherefore che
Object through this Glais appears under the fame Angle, aswe
may imagine the 4pices ot the Pencils £, 4, would appear to the
naked Eye ach ( the Concave Eye-Glafsbeing removed ) And
confequently the Object appears Magnified.

The Fifible Area, or Augle Received by this Glafs, is Deter-
mined by the Apertureiov Breadth of the Eyes Pupil.: - For 'tis
manifeft, from Tab. 37.f. 3. Thatif the Pupil de ofthe Eye
were not large ::nr::ugiu to receive the Rays from the extreme
Points of the'Objeét, it would not perceive the whale Object
through  this Glals. . Wherefore by’ the Breadih of ithe Pupil

given, as auio by the Focal Diftances of the Obje&-Glals and

Eye-Glafs being given, we may eaﬁ‘l)r obtain the #ifible Area,
or Angle Received,  For let us fuppole that we find from thefe
Data, that the whole Object Projecting the Diftin&t Bafe fe d
(Tab. 37. f. 2.) would be Projected in. the breadeh ' of the
_ Pupil,

.....
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Pupil, at the Diftance by from the Obje&t-Glafs. Then find
the Anglefyd (asis eafie from thele Data; and the preceding
Doctrine) and we have the Angle Received,

Corollary 1.

In the XXXI. Prop. Sec. 9. We have confidered the Locus
Apparens of an Objtci, Projected in the Diftint Bale by a
Convex-Glafs, to the Eye placed beeween the Glals and Di-
ftinct Bafe. And if che Afrmative of the Quere, which I there
propofe, hold true; The Locus Apparens of the middle Point of
the Object feen through the Glafs of Tab. 37. £. 2. is at p. T.37.Fx.

Corollary 2.

If we fuppofe a Convex Eye-Glafs, whole Focal length is
equal to the Focal length ph oreh of this Concave Eye-Glafs,
apply'd (as dire@ed in Prop. L.) to this fame Object-Glafs
xyz in Tab. 37. f. 2. It would magnifiec the Object equally
wich this Concave : And from hence it follows, thatthe prece-
ding Propofition LIIL concerning the Magnifying of a "Lele-
fcope, may be apply'd to this lort of Telefcope furnifhed with
a Concave Eye-Glals. Buc then the Advantage of the Tele-
fcope in Prop. L. beyond that of this Propofition, is molft fig-
nal in chis pardcular, That ic receives a very much greater An-
gle, or fhews to the Eye a nmuch greater 4rea of the Object.
‘The Area in this being Determined by the breadth of the Con-
vex Eye-Glafs ; But in that of 2 Concave Eye-Glals, the Area
is proportioned to the breadch of the Pupdl.

Corollary 3.
If che Eye recede from the Concave Eye-Glafs of this Pro-
pofition, ‘it perceives not [0 grear a [pace of ‘the Object.:  This
Aa 2 is
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In which Cales the Appearances were already folved.  Prop,
XXXI, XXXII, XXXII, XXXIV, XXXV,

As to double Mlicrolcopes, or Microfcopes confifting of more
than one Convex-Glals, wherein the Object is ija:t:'rcd ina
Diftinét Bafe, before it be conveyed to the Eye ; 1 explain them
as follows, obferving the Series of the Propofitions,

P or. LVIIL

The dble Microfcope compofed of a Convex Object Glafs, and
Convex Eye-Glafs is Explamed.

Tab. 38. Fig. 1. Let ab be a minute nigh Objeét expofed Tae.7 1

before the Object-Glals x y z, the Segmcnt of a very fmall
Sphere.  Let the Focus of this Objeét-Glafs be at p. Then the
Objeét being fomething more diftant from the Glafs, than its
Focal length y p, fhall be Projected in the Diftinét Bafe fd,
fomewhere on t'other fide the Glafs, according to the Doétrine
before delivered Prop. V. And of what bignels che Image (hall
be Projected in the Diftinét Bafe is determined by Prop. XX VL
Let the Eye-Glafs [g be placed fo far diftant from the Diftinct
Bafe fd, as is the Focal length of this Eye-Glafs ; And the Eye
o r t placed where this Eye Glafs confounds all the Rays go, 10,
which (hall be about the Focus of the Eye Glafs.

All things being thus combined, The Effects of this Micro-
fcope are explained in all chings, asin the Telefcope of Prop.L.
As to the Magnified, Inverted, and Diftinct Appearance of the
Object. . And therefore ‘ts needlels to inlarge farcher chereon s
To thole verfed in what is already delivered, the very Infpe-
ctien of the Scheme is futhcient.

Only as to the extraordinary Magnifying of thele M cro-
{copes, we may farcher Remark ; thav whereas for viewing a
Minute Object, a well-contticuced Eye does ulually Approach

thereto




[Lrgaali=
thereto about che diftance of eight Inches : could we approach
'the Eye thereto, and view it diftinctly at che Eiiﬂf’cam:ﬂ of _f}alfan
Inch, the Optick-Angle would be wonderfully magrify d by
®rop. LI, LIL that is to fay, the apparent Magaitude of che
Object would be increafed at the rate of fixteen to one. Let
us then fuppofe the Eye at y, viewing the Object a b, which
would then appear under the Angle ay b equal tody f; which
is the fame as were the Object increafed to the bignefs 4 f, and
viewed by the Eye at the {ame diftance from it as y in the fi-
gure is now removed fromd f. Wherefore if by help of the
Eye Glafs ¢ I, the Eye can yet approach to the Diftinct Bafe
df ( which we may now repute the real Object) fuppofe ten
times nigher than yisto df ; theapparent Magnitude of 4 f {hall
again be increafed ten times more than before, by the nigh ap-
proach of the Eye (fuppofe aty): that is, the Object by all
thele helps fhall be magnified 160 times in length, or Diame-
rral Magnitude.

As to the Calculation of all thefe Angles, and apparent
Magnitudes, it cannot be difficule to thole vers'd in what is
before deliverd. '

There are various Combinations of Glafles in this kind of
double Microlcopes ; for in fome there are two Object Glaffes,
that is to fay, one Obiect-Glafs of a very deep Convexity, and
an other of a lefler Convexity, placed nigher the former chan
the Projection of the Diftinct Bafe (accordingto Schol. 1. Prop.
XVL) which fometimes is called 2 Middle-Glafs, In others
there are two Eye-Glafles, ¢rc. Bur the Theory of all thefe
depends on, and is {o manifeft from vehat has been delivered,
that 'cis needlefs to enlarge.

I fhall conclude che Firft Part of this Treatife wich 2 Piece of
Dioptricks, which though Ludicrous affords an Appearance fur-
priling and plealanc enough,  The Explication thereof is much

labourd at by feveral though it be very Obvious from what fore-
goes. | Tis this, Pror.
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Pror LIX.

The Explication of the Magick Lancern, fometimes called
Lanterna Megalographica.

The Contrivance is briefly this, Tab. 38.f. 2. ABCD is T8 Fa.

a Tin Lantern, from whole fide there proceeds a [quare or
round Arm or Tube b#n k eml, confilting of two Parts, the
outermolt whereof 2 Am ! {lides over the other, (o as thar the
whole Tube may be lengthened or {hortened thereby. - In the
end of the Arm nk m | 1s ixe a2’ Convex-Glafs ks about de
there is 2 Contrivance for admicting and placing an Object de
painted in dilute and tranfparent Colours ona plain thin Glafs ;
which Object is there to be placed Tiverted.  This is ufually
fome Ludicrous or frightful Reprefentation, the more to divere
the Spectators: bhe 1s a deep Convex-Glafs, (0 placed in che
other end of the Prominent Tube, that it may fftongly caft
the ii‘_;hl: of the Flame a on the Picture d¢ painted on th:'iﬂ.lin
thin Glafs. And here 'ts to'be noted, that che Glali bbe is
only deligned for the i}rong Hlumination of the Picture de, and
has nothing to do inthe Reprefencation, and therctore in fome
of thefe Lanterns, inftead of the Glals &) ¢; 'we fhall ind a
Concave-Speculum Ao placed, thar it ‘may ftrongly caft the light

of the Flame 4 on the Picture ac d e
Wherctore, Let us now confider the Picture de as a very
lightibn"... Object of diftinct Colours and Parts.  And let us con-
ceive d ¢ rore remote from the Glafs &/ than its Focus. 'Tis
then manifeft, that the Diftince Image of the Object de fhall
be projected by the GlalGk lon the uppoﬁtﬂ white Wall F H ac
f g ; And hereic fholl be reprefented Fredt.  For now the whole
Chamber EFG H i dark, the Lantern 4BC D inclofing all
the Light ; So thatin Effect this Appearance of the Magick Lan-
tern
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To My efteemed Friend

Henry Osborn

Dardys-Town inthe County of Meath
- ESQUIRE

H E Refpett which I bave ever had for you

Jince our firft Acquaintance, and which on all

Occafions 1 have expreffed in private, I bave
now an Opportunity of declaring to the Publick : And
that too Jo very appofite, that it would be unpardonable
in me to omit it at this time 5 by prefenting the follow-
ing Sheets to you, Dedicating them to your N ame, and
Devoting them and their Authour to your Vfe and Ser-
yice, .

You may well remember the frequent Difconrfes we
bave bhad on [everal Subjelts treated of in the following
Chapters , ‘and on account whereof I firft fet on this
Dioptrical Work: And particularly, I think, our Dif-

quifitions
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Dedication.
gj%rfﬂm concerning the Fuftnefs of Telefcopick Sights

apted to Aftronomical Inflruments, and onr Confide-
rations of the Micrometer, were the fir§t Occafion of my
Thonghts turning this Way ; eAnd therefore the
enfuing Difcour/es beling to you of Right. Bui
if to this I add, the Advantage I have received
by your Acquaintance , and the repeated Satisfattion
I have had in your - agreable (onverfation ; I am
bound by indifpenfible Tyes to make this Acknow-
ledgment.

I cannot but = admire your prudent Choice of a
private , retired Life 5 notwithffanding your great
Advantages both of N ature and Fortune , that
render you capable of the moft publick and weighty
Imploy. By this Courfe, you bave an Opportunity
of enjoying your felf, and improving your~Philgfo-
phical T houghts beyond the comman pitch = Yo can
look on wnconcern'd, and [ccurely objexve the froathy
Sea of Bufmefs, wherein sMen fluctuate ; and fome
are [hipwreckt, fmk, and perifh. _

And becaufe you [feem carelefs of propagating
your N ame the common ways ; [uffer me to ereit
this flight Monument to st : Though [ am certain
at the [ame time , that, if you pleafed, you may
ratffes a lafting Maufolzum to your Memory -
but you [eem a%&ve thefe Defires 5 yer you’ll per-
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Dedication.
mit your Friend 4o Honour it a5 far as be ¢an |
and if the Materials -or Workmanfbip do not ~ feem
to promife a long Duration to Pofterity , this only
reflects on my  Abiliies , (which I [hall never
vindicate ) but cannot leffen the fincere Intention

of

Your moft affeCtionate

April 17,
1690 Humble Servant,
WiLi. MorynEux.

"DIOPTRICKS.
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PART IL

Caa'ps L
i Of Refrattin and Light.

|

|

|

‘ (1.) This Difcourfe promifed.  (2.) Leibouz’s Univerfal @rin
eiple in Opticks, &c. ~ (3.) On Occafion whereof ; Of Findl

‘ Canfes. (4) Farther Explication of Refraction. (s.) Ligh it
a Body, from [feveral Arguments. (6.) From its being refs- v

| fled in its paffage through Diaphanous Mediums. (7.) ls |1 |

o Requiring time to move from place o place.  (8.) Impoffible il

to be mcreafed, but by robbing fome other Place of its Light.

| (9.) Therefore impofible tobe augmented uniformly. (L |

(1.) N the fecond Experiment of Part I.. I.had occafion 1) 7+
I to mention the Natyral Canfe of Refrattion ; or why primszi

. the Rays of Light pafling through different Me- ¢

I diums are refracted at their Immerfion or, Emerfion. Ithen i

avoided any farther enquiry into. the reafon chereof,  as being HE

more of a Phyfical than Mathematical Confideration. But : %

at the fame time, I promifed a farcher Dilquifition thercon, ;

to be borrowed from a moft. Learned Author ; whole rea-

fon we fhall find bricfly comprehended in. this, Tharche Dif

ferenc Reliftance that a Ray of Light finds in pafing grflur e
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ftance) through Air and Glafs, is the caufe, why ’tis bent
from its direct Courfe.” But how this Refra&ion comes to
be from the Perpendicular, in proceeding from a Denfe to a
more Rare Medium ; ot towards the Pcﬁ?lmdiﬂular, when from
a Rare to a more Denfe Medium ; we {hall more ﬁ.tll}' appre-
hend by the Difcourfe it felf, which I here {ubjoyn from the
Afta Erud. Lipfie, Am. 1682, pag. 185.

e, (2.) One Wniverfal Principle qfa Opticks, Catoptricks, and Diop-

et i tricks. By the Learned and Ingenions G. G.Leibnutzius,

E.:{j;;pfc The chief Hypothefis common to all thefe Sciences, and

2 by which che Progrefs of all Rays of Light is geometrically de-
termined, may be thus laid down. Light proceeds from the
Radiating Point, to the Point to be enlightned, that way, which
is of all the moft eafic ; and this is furft to be Determined in re-
Jpect to' plain Surfaces, and then is accommodated to Concave or
Conwex ' Surfaces, by cmy?dermcg the Planes, that are Tangents to
thefe Surfaces. But here I take no notice of fome Dregularities,
which perhaps may conduce to the Generation of Colours, - and
to fome other extraordinary Phenomena, which in practical
Opricks are not at all confidered. |

Hence, In plain or fimple Opticks, Tab. 38. Fig. 3. The direft
@Ray proceeds from the Radiating Point C, to the Point to be illu-
ftrated E, by the [horteft direét way, the fame Medium conti-
nuing all along, ' that is, in the Right Line C E.

In Catoptricks the Angle of Incidence CE A, and of Reflection
DE B are equal.  Let C bea Radiating Point; D the Point
to be illuftrated, and’ AB a Plain Speculum : *Tis required to
find in the Speculum the Point E, that reflects the Ray to D.
I fay, thac it fhall be fuch a Point, that the whole Progrefs,

Way or Journey of the Ray CEE D, may be the leaf? or

fhorteft, that is poflible; or lefs than CF4-ED, {uppoling
that we take any other Point F in the Speculum. And this
{hall be obtained, if E be taken fuch, that the Angles CEA,

DEB,
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Line EH, ler us call y; then EL fhall be b—j, 'and CE
{hall be ¥ :ce4vy, ‘'which we {hall ‘call'p; “and E G {hall be
“aidyo—2 byt k, which we fhall-eall'yq, '
Wherefore m sty y: Fo5v s grtyy—2 by 4h b (ormpt
4-1 q) ought to be the leaft of all thole Quantities that can
pofiibly \be fo expreffed ;' and ‘tis required to determine ,
that fo it may be, | By my Method D¢ Maximis ¢ Minimis
(Vid. Aét. Lips, ‘dnn. 1684. pag. 467. 47%.) which, beyond all
that are hitherto known, does wonderfully fhorten the Cal:
culation, it is manifelt at che firlt fight, almoft wichout any
Calculation, That mqy fhall beequal to » p+ 7=, or that
np. “mg::ye ' h—y; thatis, the Rectangle of € E « nfhall
be the roRectangleof EG«m:: AsEHto EL. Therefore
CE and EG being puc equal, » the Refiftance of Glafs ro
Ligh fhall be to m the Refiltance of Air ro Light :: As
'H 'the Sine of the Angle of Incidence in Air CEI: To EL
the Sine of the Refracted Angle in'Glai GEK. Or thefe
Sines fhall be to each other reciprocally as the Refiftances of
the Mediums. - "Which was.the Affertion to' be proved.

“Whérefore, if inone Example or Experimenc E L be found
:of EH, the fame Propottion fhall hold in all other Experi-
ments, wherever C and G be taken, thatin Air, this in Glafs,
If C be in Air, and G in Water, Experiment fhews, that EL
{hall be about ¢ of EH. ' :

Thus far this ingenious Author.  The reft of his Difcour(e
is chicfly employed in rcn‘:‘tif}’ing Des-Cartes Notion of Refpa-
&ion, which tho founded on the {ame Principle here expref:
fed, yet has this peculiar, thathe makes Water, or Glafs, or
any other more Denfe Medium, refilt the Progrefs of Light
lefs chan Air. But in this particular he is abundantly redi-
fied by Leibnutzins,. who fhews the Incongruity of thac Stip-
pofition.

4

(3.) One

=
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(3.) One thing more there is remarkable in cthe Learned

Leibmtzius Dilcourfe, which I cannot here pafs over, and that Caufen

is, A pious Reflection which he makes on this ‘ocealion, con-
cerning Final Canfes,  For 'tis maniteft, chac the Ray procted-
ing from C, dots not confule wich it {elf, how it may with
the greareft eafe arrive av the Point E, or D, or G; neither
is it carried by it felf to thole Points. ' But the Great Creator
of all things, has fo made Light, that this moft beauriful, or-
derly, and admirable Event fhould refule from its very Nacure.
Wherefore they are in a great Error, who reject Final Caufes
in Natural Philofophy, which, - befides affording us occafion
of admiring and adoring the Divine Wifdow, do often difco-
ver to us a curious Principle of finding out the Properties
of thofe things whole inward Nature is not /o clearly known
by us, as that we can explain the immediate eficient Canfes
and Inflruments, which the Almighty-Mover imploys in produ-
cing thole Effetis, and obraining thole Ends.

Indeed I fhould think it an Awempt worth the Thoughe of
fome profound Philefopher,  to give an Account of thole admi-

rable, orderly, and beauriful Appearances in Nature, whereof [5G
we can moft pl:linh,r ﬂppfﬂ]mﬂd the ﬂ"ﬁ?ﬂﬂi and Futal (}ily‘n, but deferse :
can hardly proceed to any farther Knowledg of them. (Thus ™ ™"

for inftance, iuppof:.' it were 115‘](21.{, What is the caufe of f}{eﬁu-
éhonz Were it not much ' fatisfactory to anfwer, That there-
fﬂ_}' the 'Rclj' may !:r;'{;ln--:'.f H‘;'r.-:;'feﬂ way. po Mble ) This i_lli'cl}' nli?‘ he
be able to convince the moft obftinate Oppolers of Divinty :
For certainly, ' if we can rely upon any Deduction or Confequence
drawn out by the Mmd of Man, wé may afluredly. reft [acis-
fied in this ; that fo many Phewmena, fupendousand (ur-
prifing for their defigned Contrivance, could not proceed buc
from an Omnipotent and Defipning Beng, . Bue if atter all; chey
will arrive to fuch an height of Extravagance, as to fay, We
cannot rely onthele Conclulions, as being all in the dark, and

Cgs knowino
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their Arches. And the whole Ray ABCD chus bent, and
brought into the Pofture abcd proceeds onwards directly in
that Courfe.  And here 'tis to be noted, That whatever Incli-
nation. A B has on EF, the Arches D d, B b, or their Semi.
diameters Z D, Z B, have always the fame Proportion; to
wit, {uch a Proportion, as the peculiar Difference in the Refi-
ftance or Denfity of one and tother Medium does require

(which is to be determined by Experiment): For Tab, 8. T35 5%

Fiz. 6. Let us fuppole the Poine B thruft forwards towards Q_
or N, and that the Medium below E F is perfectly Homageneons,
that is, equally refifting in all Parts thereof ; there is then no
reafon, - why this Point {hould pot be carried with an equal
Celerity towards whatever Part, that is, it fhall tend equally
quick towards Q_in the Right Line O B Q_([luppofing its di-
rection lye that way) as towards N in the Right Line AB N,
And therefore the Rays of Light A B, OB, however different-
ly inclined, fhall find an equal Reliftance; and the Point B,
whether it tend towards Q or N, {hall be equally retarded.
And alfo fecing the Point D (Tab. 38. Fig. 5.) continues in the -
firflt Medium, 1c {hall be thruft forwards with the fame Cele-
rity, whatever is its Inclination. Whence 'tis manifeft, thac
thefe Motiens, or Paths palled over in the (ame time, to wir,
the circular Arches D d, B &, (hall always oblerve che fame
Proportion, thacis, the Proportion of their Semidiamerers Z. D,
ZB, or Zd, Zb; which Proportion therefore principally
and chiefly meafures and determines the Refraétions of Rays
in the fame two Mediums, And this is che fame Proportion,
as is between the Sines of the Angles oppofite 0 Z 4, ZB,
in the Triangle Z dB, that is, ofthe Angles ZB d, (or ZBE)

L

and ZdB. But Z B E is the Complement of the Angle ABE,
and therefore (by Def. 2. Part. L) ZBE is the dugle of In-

o - 7 i - - 1 »
cidence’or Inclination of ABto EF; and the Angle Z 4B is the
Complement of the Angle Fdc; 1d therefore Z. 4 B 15 the

= (Rotvalloid
A L}lllu....-:
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Tﬁfﬂ:ﬁvd Angle (by Def. 3. Part. L), From hence is manifelk
what we allert in the 7 Experiment, Partl. And here we
fhall note, that according to Exper. 6. Partl. Z D fhall be
to ZB::As 300 To 1935 oras 14 to 9. .

(5.) And thusmbch concerning Refraétin.  The Confider-
ation whereof does naturally fuggeft unto us, That Light is
a Body. ~ For however the Antient Ariffotelians defined i, Affus
perfpicui quatennus perfpicunm, which 15 perfectly unintelligible ;
yet {o much we may perceive hereby, - that they defigned to
exclude it from all Corporeal Notion.. But the various Propér-
ties. of Lfgh[‘.} that do necefJarily belong to a Body, are fo
many and evident, that they leave no room for any farcher
doube in this mateer. I fhall mention but a few., ¥

(6.) And firft, by this Affeftion of being refratted, ’tis ma-

., nifeft- thae Light, in its paflage through this and t'other Dia-
phanous Body does find a different Refiftance. . Now tis un- *

conceivable, how any thing, but Body, fhould fuffer Refift-

ance 5 but we may conceive the Refiftance, that Lighe (uffers

in its pallage through different Diaphanous Bodies, to proceed
from the Medium Hindering of the ﬁ{ﬁujfo:r or Diftribution
of Light chrough more of. the Parts of this Medium, and con-
i&qucﬁrl}«' it may be faid to be lefs illuminable. For the Nature
of Light endeavours to diffufe ic felf.  And on the contrary,
by how much Light does more equably or uniformly affeét the
Parts of che Medium, which it enlightens; or by how much
it communicates its Energy. to more of the Particles of the en-
lightened Space; that Medium may be faid to be by fo muech
the more illyminable, ot lefs to refift the Progrefs of Light.
Whence icis, that by how much the affeGted Parts of the
Medium are more folid and [mall, and admit berween them the

lefs Space for any ether Heterooencons Matter, that luffers not.

by Light ; by fo much the Medinm is faid to be more en-
lightened, . But leaving thele Philofophical Refmements 5 "tis ma-

nifeft
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nifeft that Refiltance muft proceed from Contal¥ of two Bodies,
And Comtact, cither 4étive or Pafive, bele ngs'‘only to Body

v

according to that of the Philolophick Poct, Taneere enim «
i 1oere entm &

tangi nifi {_mgus nulla poreft Res,  And our Savionr himfelf, the

Fountain of all Wildom and Philofophy, Divine and Natural,

feems to confirm this Notion ; when to prove himlelf & True
.?30 ly after his Relurrection, - He commands his Diffident DIl
iple To Touch Him.
(7.) The Second Property, that confirms Light to be 2

Body, and a Body moved or thruft forwan, i5, That it re- m
qum:s tmie to_pals from one place to another, and does 1:’-

not in an mflant, butis only of all Motions the gn .L,uﬂ For
the Experiment ]gmrt::".m'*r this, we are obliged to the Ingenious
Monl. Romer, who has demonftrated beyond all Concradiction,
from the Obfcrvations of the Immerfins and Emerfins of the
Satellits of Jupiter 5« That Lizht requires. the Time of ane Second to
mowve the jjmce uf 3000 Leazues, or 9000 Miles, which is near the
Earths Digmeter. . He that requires a farther Account hereof,
may confule the Fournal des Scavans 167 6. Decemb. 7. Phils-

Joph. Tranfaét. Num. 136. Or Mr. Newton's qu'lnp':; ble

Piece, ‘Pbrfafn;h:‘ Natur. Prine, Mathem. Lib. 1. Schol. Prop. 96
Where tis aflerted, That Light requires about ten Minutes
time to come fmm the Sun to the Earch.  And 'os moft evi-
dent, without this Allowance for the Time fpenc in Lig
Motion, ' the r’\PIJL.T.I.ﬂh.La of the Satellits Eclipfes and L.ml-
fions are not to be E’\Julm. ed by any Excentricity or other Hy-
pothefis. ~ Bur by chis' Allow ance, thu}! an{wer tothe grea reft
exaftnels. And thisisa Part of ﬁﬂmm}my the molt \,m.,.._l“
and accuracely c’-.f::crmtitcd, as well as the molt ufeful, ofall
others: For hereby Geography may be rectified, the L ongi-
tude uttermm.d and Nawigation made mcm eafie and le-
cure. - For_a Confirmation of all which, I' appeal ro the La-
bours of the Ingehious Mr. Flamfteed .md \rlr Halley,  to

‘l.‘-.uUl'il
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There feems but one Objection againft what is here. laid
down ; and thatis, thac Light is increafed by Reflection, wich-
out depriving any place of the Light it would otherwile receive ;
or, without gringing tothe enlightned part any Light that would
otherwile efcape it, or never come at it.  But if we confider
the matter more attentively, we fhall find ic otherwife.  For
let us luppofe an Fole of a Foot (quare in the fide of a Cham-
ber, and that 2 Candle were placed clofe to, and jult before
the middle of this Hole ; there is but half this Candle chat now
enlightens this Room, the other half of the Rays proceedin
directly out at the Hole: Let now a Looking-Glafs be placed,
fo as juft to fill up this Hole; the Rays which before would
have gone out at the Hole, arc now refleéted into.the Room;
{o that the Hemifphere without the Chamber, which wasen-
lightened whilft the Hole continu'd eﬁen, is now robbd of
its Light; and all this Lighe is now reflected into the Room;
whereby the averfe fide of the Flame is made to enlighten,
as well as the hide direétly expoled to 'the, Chamber, . What
is faid of this Cale, may be accommodated to all : For [o 2
Looking-Glafs lying Horizontal, -and reflecting the Sun-Beams
to the Ceiling of the Room, does plainly hinder the direét pro-
grels of the Rays to fome other part, and conlequently robs
that partof its Light. - This is evident, by (uppofing an Hole
behind the Glafls; as in the former Cale.

(9.) Fromall which tis manifeft, how vainly they accempt, £ r=
who offer at increafing Light Uniformly, thatis, equally chrough-eesid
out the whole Sphere of a Luminous Body, or Radiatng ™™™

Point. Such are the Pretences of thole thac would perlwade
the World of Contrivances for making the imall Flame of a
Lamp enlighten flrongly a whole Chappel, Hall, or Court,
by being bung up in the midlt thereof,  For thefe things are
impa/fible to be eﬂgﬁed in Nature, and they had as well pretend
to create Light; for there is no other way of ‘{'H'C.*‘Erﬂﬁ.'rﬂ‘ It lln}-
D¢ els
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les by robbing another Em of its Light; and then 'tis not
aniformly increafed. 'We have a very fenfible Inftance of ' chis
in the New-invented Lanthorns, now much uled in London ;
which by the Convex-Glafles in their fides, do ftrongly throw
thofé Rays along the Walks of the Paffengers, | which would
otherwife (were the Glafles away, and the round Holes left
open) be fpent on parts of the Streets not ﬁ'cctuenred ; whereby
the untrodden parts of the Streets are robb'd of their Lighe,
more ftrongly to fupply and enlighten the Paths where Light is
requilite, v |

I have infifted the longer on this particular, becaufe there is
nothing more¢ commionly pretended, than this Invention of
increafmg Light uniformly, by thofe that do not confider how
vain the ‘Attempt is." "I muft confefs, could the thing be ef-
fected, " it would *be ‘a ‘piece’ of Occonomick Philofophy, the moft
pleafant and ufeful imaginable, and equivalent to the perpetual
Lamp (if ever there was any fuch thing, as[ very much doubx).
The Student in his- Clofet, the Merchant in his Shop,  the
Houfewife in her Offices, would find a grear and pleafant Ad-
vantage therein, But above all; the dark Northern Climates,
who ate many Days, Weeks, and Months deprived of the
Sun, would be infinicely obliged to the Inventor, who could
make the Flame of 2 Lamp, no bigger than a Barly-Corn,
fupply the Prefence of thac glorions Bady, [
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Cuar 1II
Dioptrick Problem.

i’-ﬂj Four fanwx-ﬁajﬁs in a Telefcope fhew Objeﬂs Erect.

Was unwilling to burden the Firft. Part with Digreffions;
I and therefore in Prop. LVIL. thereof, I promiled chis Dif-
courie in this place.

In the Journal der Scavans. For Monday 17. Septemb. 1685.
Pag. 466. Amft. Edition We find this Paffage.

< As Perfpectives of One Convex-Glafs make Objects appear
< wpright, which thofe of Tiwo Convex:Glaflesinverr; and again
¢ thole of Three rechific: ' So it (hould feem, that thofe of Four
¢ ought to invert. And yet Experience fhews us that Objects
¢ appear npright through thefe Glaffes, The fingularity of this
¢ Phenomenon obliges all skill'd in Dioptricks, to enquire che
¢ realon thereof ; but hitherto they have found none. - Monl.
¢ Regis, who applies himlelf particularly to this Part of Na-
¢ tural Philofophy, believes that he has hit upon the Reafon, and
¢ makes us hope thac he will fuddenly publifh ic.

Thus far the Jowrnal : | But does not tell us whofe Remark
thisis: I am apt to believe, 'twas written by Mon(. Regis
himlelf, to the Publifher of the Jowrnal,

To me this Phenomenon appears very eafily explicable from
the confideration of placing the Glaflesin a Telefcope. And
| wonder that any one, who pretends to) Skill in Dioptricks,
fhould make a Dufficulty of it, = The: pofture of the Glaffes
in the Tube is thus ; After the Obje&t-Glafs; the firft Eye-
Glafs 15 placed fo much diftanr ;.(towards the Eye)  from the
Focus of the Object-Glafs, as is this Focus of the Eye-Glals ;

Dd 2 then
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verted and confufed : - Place the Bye in the Focus, it fees the
Object all in confufion, neither eret nor reverfed.  For here
again, there is a diftinét Reprefentation of che' Objeét to be
received on a piece of Paper, as in the Focus of the Object-
Glafs ; and the Eye bemg placed ac any time in this pll.qc::,

being in the Diffinét Bafe, feesall in confufion, (all which is

manifelt from the FirfbPare, and therefore bue fightly tonch’d
here). But then let the Eye be placed fatther from this mid-
die Eye-Glafs than its Focus (for fois the third or immediate
Eye-Glafs, ic bcﬂ}g always diftant from che middle Eye.Gla,
the Aggregate of both their Faci), it perceives the Object erect
and confufed.

Laftly, the ¢hicd or immediate Eye-Glafs does nothing ro-
wards the erefling or reverfmg the Species, which it receives ered
from the middle Eye-Glals; no more than, in a Telefcope of
two Convex-Glafles, the Eye-Glals does to the Species it re-
ceives from the Object-Glafs 5 as is {hewn before..  All which
will be manife(t from infpeétion only of Tab. 37. Fig.1.

Wherefore we are to confider the Telefcope conﬁ[ﬁng of a
Convex Objet-Glals and three Convex Eye-Glafles, as two
Telefeopes, each confifting of rwo Convex-Glafles, The firft
confifts of the Object-Glafls and firlt Bye-Glafs, and chis in-
werts the Species; that is, the Species is mverted in the Difinét
Bafe of the Object Glafs, and is fo brought tothe Eye. The
Jecond Telefeope condifts ‘of che two mmediate Eye-Glaffes, and
this erefls what the former inverted ; that is, the Species in the
Diftinét Bafeof the middle Eye-Glafs is ereé?, and is {o broughe
to the Eye, by the Eye-Glafs. The Eye-Glafles themfelves,
in either Cafe, having nothing to do'with the erefing or in-
verting, but merely in reprefentmg in the fame pofture the Image
immediately before them.

The French Problem fhould not therefore have broken 2
Telefcope of four Convex-Glafles into four Pieces, buc into
1o 3
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two; and the Cale would then have ‘been plain; whereas,
by breaking it into four Perfpective-Glafles, that is attributed
to two of them, which neither of them does, wiz, Imwverting
and Ereéting.

Therefore 1 {ay laftly, That one Convex-Glafs (that is che
Object-Glafs) as pofited in this Telelcope, inverts: The fecond
(chac is the firft Eye-Glafs) does nothing towards ereffing or
reverfing ; but reprefents the Image as it is in the Diftinét Bafe
of the Obje&-Glafs before it, chatis, inverted. The third
Glafs erefls, or rather reflores what was before iverted. The
fourth xeprelents -the Image, as it receives it from the Difinét
Bafe of the third, that is, ereft.

And this I think a fufficient and eafie Anlwer to what the
French Man makes a great Difficulty.

Asa Corollary to what has been laid down in this Chap-
ter, we may deduce this Practical Rule for combining or put-
ting together a Telelcope of Prop. LVL

Take the two firlt Eye-Glaffes, and combine them by
Tryals, o as to make a Diftinct Inverting Telefcope of
Prop,. L.

Then take the Qbje&-Glals and “fitlt Eye-Glafs, and by
Tryals combine them likewile.

Laftly, take both thefe Telefcopes, and without altering
the Diftances of their Glafles in either of them fingly, by Try-
als combine both thefe Telelcopes, till the Appearance be clear
and diftinét.

What is here done by Tryals, may be effected by acual
Menfuration, or defigning our the Diftances of che Glafles from
each other by knowing their Focal Lengths.
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Cuar IIL
Of Glaffes for defettive Ejes.

(1.) Speftacles for old and pur-blind Men an Invention in Di-
optricks of greatufe. (2.) Some Rules for choofing Spectacles
both for old and pur-blind. (3.) Obfervations on Mr.Hook's
Invention for belping Myopes by Convex Glaffes. (4.) Tele-
Jeopes and Microfcopes adapted to defeftive Ejes.

(1) Ere there no farther Ufle of Dioptricks chan the 3+,

V Invention of Spectacles for the Help of defective purbin.
Eyes; whether they beithole of old Men, or thofe of pur-blind ';E;f.rf:uf_:’,.
Men; 1 {hould think the Advantage that Mankind receives 7 &
thereby, inferiour to no other Benefit what(oever, not abfolutely -
requifite to the [upport of Life. For as the Sight is the molt
noblé and extenfive of all our Senles; as we make the moft
frequent and conftant ufe of our Eyes in all the actions and
concerns of human Life; [urely that Inftrument that relieves
the Eyes when decay'd, and fupplies cheir Defects, rendring
them ufeful, when otherwile almolt ufelels; muflt needs, of
all.others, be efteemed of the greatelt Advantage.  In what a Cndieien
milerable condition do we counct thofe, in whom it hath pleal épieraiie
ed-the great Contriver of the Eyes'and Sight, to' {hut thole two S,
licele Windows of the Soul 2 And we may imagine, chatchey,
in whom thele Lights are but partly oblcured, do infome mea-
fure partake of the Milery of the blind.. How melancholy is
the condition of, him, ' who only enjeys ithe Sight of what is
immediately about him 2 With what Difadvantage is he in-
gaged in moft of the Concerns of human Life 2 Reading is o
him troublefome, War more than oidinary dangerous, Trade

and
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the chict Imployments wherein Speftacles are requifice. I {hall
fuppofe our Enquiry chiefly defigned for this purpofe. And

. indeed, tho there can hardly be any Rules laid down, fhriétly co

determin this matter ; for diffiné#'Sight may conlift wichin 2

grear Latitude: Yet if we oblerve the following Dicections, we

thall beapt to errlefs, and to fit our Eyes better with Speéta-
cles, than if weeblerved no Ruléfac all, but chole ata venture.

Firft, When we firft find our felves begin to require Specta-
cles, let us make choice of the flartefi Comvexities, that will
poffibly help our Eyes.  Thele are ufually called Young Specta-
cles. ~ There are many ways of finding our and trying fuch ;
but none more ready, obvious, and ealie, than tying wich
which one can.read a fmall Print diftinétly, with the Book

artheft fromthe Eyes; or try which Spectacles burn acthe creat-

eft diftance ; for thele Spectacles are the moft proper for thofe
Eyes toule, and fhall prejudice the Sight lefs, and preferve ic
longeft of any.

We may note likewile,  that the diftance of the Print, or
Objeét from the Eye continuing the fame, a Convex-Glals may
be faid to be older or younger, according at it is removed farther
from or nigher to the’Eye or Object.. This is manifelt from the
Dodrine in the Firft Part, concerning the Locus Apparens of an
Objeét through fuch a Glafs,  To which therefore [ refer,

Secondly. 1f your naked Eyes can read a: moderate Print acthe
full extent of your Arms, or a the diftance of about two Feer
or two and an half ; and you delire a Pair of Spectacles to read
with, at the ufual Diftance of reading, viz: abour a Foot or little
more: Procure a Pair of Glaffes of {fuch a Convexity, thatan

" Object being expofed  before them at the Diftance of about a

Foot,  they may have their Imaginary Focus; or the apparent
Place of the Object, diftanc from them about two, or two Feet

and an half. All whichmay be eafily obtained and effeéted E’”‘L

by the Do&rine in the Firft Parr,
Ee In
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In the next place, for relieving t}".tz Evyes of the ﬂ*arre:,ffgbffcf,
pir-blind, or Myopes. We muft confider, thatthele, laboring
under the contrary Defect withold Men (for they fee nich' Ob-
jects diftinctly, but diftant Objects confufedly), muft be relieved
with'a Remedy of "a contrary effeét; and thercfore they are
helped by Concave-Glaffes, which bring the Rays of diftant Ob-
jects idto the Eye, asif they werenizh. * And becaule we may
conceive the Cryftallines of thefe Eyésas too protuberant or con-
wvex, therefore we are to take off from' chis o great Canvexity,
by adding an adventitious Concavity. Bucthen, there is nothing
(o univerfzlly complained of by thofe who are thus affected,
a5 the Difficulty ‘they find in fitting “proper Glaffes to their
Eves. [For the removal whereof, the following Rules may be
obferved. . ' '

Firft, That for viewing diftant Objeéts, according to what
is moted in che Firft Pare, Prop. XLEVLVIE 2" fhort- fizbted Perfon
can read diftinétly, or fee Objects atthe diftance of a Foot from
his nzakéd Eye;' a Concave Glafs, 'whole Virtual Focal-Length
is'a Foor, ‘makes fuch a Perfon lee diftant Objeéts diftinétly:
And fo of any' otherwife'difpofed Eye." So that knowing the
Diftance 4t which'a pur-blind Perfon reads diftinétly wich -

armed Eyes, 'tis eafic, by the Doctrine in the Firft Pare, toal-

fign him a proper Glals for his Eye to fee diffant Objects:
Secondly, For Glaffes proper for Myopes to read by, or to fee
Objects at the diftance’of abouta Foot and half. ~ Lee ws firp-
pofe Eyes fo affected, as notto beable toread, butat chedi-
ftance of Four Inches’y and that we defire’Glafles for thefe Eyes
to redd by, ‘at the ‘ordinzry diltaneeof about a Foot and half :
Lerus form fuch Coneave Glaffes, ' which, ‘Deing expoled to an
Object at the diftanceof a Foor and half, ‘may have their Fir-
tual refpective Focus at the diftance of fout Inches.  And fo like-
wifefor any otlier Diftance. ““All which'is eafily pertoraied by

Thirdly,
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Thirdly,” We are to note, that Myops' {hall require  dif-

ferent Glafles for, viewing Ol};c&s at different- Difkances.  Bur

the vifive Faculty not being contained  within fich ftrict and
determined Limitacions ; thae Glafs which is wfeful %t an Ob-
jeét an hundred Foot diftant, fhall ferve likewile at an Ubj{'\,t
diftant fifty Foor; but chen 'tis not fo helpful at one diftant
five Foot. ¢Buit another may be had proper ‘even' for this Di-
{tance, and mot fo uleful at an Object diftant an hundred or
fifty Foor, - All which is manifeft from the Doétrine in the
Ficlt Part. :

Fourthly; There are fome Eyes fotill conformed,- that no
GlafTes whatever will reltevethem.  Of chis I have often ,1r:a.r1.1
a very ingenious Man and great Piululnphm Sir William Pert
oftencomplain in his own Pl['[lC'l.ll.ﬁ.i But then' ehis rm.eed
not from a tog litle, ortoo great 3l Convexity 1 chi¢ nﬂalhne :
but from fome other Indil Putlrlon orill Cﬂnhgnmtian Adt to
be relieved by Glafles,

Laftly, Perfons pur-blind labour under this grear Inconveni-
ence, #that the Glalles which relieve them in one particular; do
hinder theix ﬂ:mm Vifion of diftant Objects in another parti-
cular. & For as Concave-Glafles do order the Rays from any
onclingle:Point, properly to be reccived by the Eye of a Myops:
So.a the fame tme, they ’mmuﬂ: the f’&ppunmm of the whol
Object. And from henceicis, that tho chefe lore of Eyes 1 ;:.'_'
be well enough relieved for Reading and Writing at a convenient
diftance, ;md for fecing pretey large Objeéts at the di !flmf: ot
100, 200, Of §00 [lmt, yer for U-::;e ,wmi farther, unlefs
they be very large inc deed, fu.} are notfo eahly |l.i'“|."l vd.

(3-) And herel cannot bt take notice of 4n ingenious’ing- ¥
mation of Mr. Hooks (to whom the World is LL.I'EJ!"Il‘, mtic ch e
Dailﬁ d for his curious Conrtrivances in Mechanicks, and his othér a..;

3, of the Tr': :-.-_"v
Lond. 1681, which he calls Myopibus Tuvame
Ee 2

Ph’:.ulophzck Indeavours) - publifhed in Nuin,
bical Collectons,
P

'iu
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“Tis briefly this, That fome forc of fhort-fighted Perfons, who
cannot be relieved by Gcave Glafles, may. perhaps find fome
help in Convex-Glafles;  their Eyes being removed at a conve-
nient dif¥ance farther from thefe Glafles than their Diffmét Bafes.
As for reading by thefe Glafles ; che Book mult be inzerted, and
then the Image in the Diftinét Bafe fhall be ereét, and the Eye
{hall perceive ic erect. ~As for Writing, the Difficulty is greater
than mentioned by the Learned Author : For the Myops muft not
only learn to write inverted, but:allo retrograde, " viz; fromi the
Right to the Left Hand; and, what is yet more inconvenient,
from the bottom towards the top of the Page ; which is hardly
practicable on accotnt of blotting the' wet Writing. * As for
viewing diffant Objeéts with thele Glafles; Iacknowledg with
the ingenious Aut{mr, that much of the Dilagreablenefs of the
inverted Profpect is taken off by ule and cuftom, as T my felf
have experienced by my frequent ufe of inverting Telefcopes,
But yet [ cannot go {o far with the Author, ‘as to affentto his
Deduction from hence ; which is, that’tis only ufe and cuftom
that makes us judge Objeéts ereék that are perceived by an in-
verted Image on the Fund of the Eye.  For thena Man fand-
ing on'bis Head, {hould judge the Trees and other Objeéts he fees
meerted ; which no one in his Senfes will do, but racher judge
what is right, vz, that he himfelf is imverted, whilft che cir-
cumjacent Objects continuc.ereét.  This will be more evident
to us, by confidering the cale of an adult Perfon, who has
been blind from his Birch, and now {uddenly reftored to his
Sight :. He is not prejudiced by cuftom, and yet (doubtlefs)
would judge as isufual. « But laftly, another grear Difficuley
that will attend the ufe of thele Spectacles for' Myopes, is, that
they muft be carried ar fuch a diffance from the Eyes, thac it
will be very troublefom to manage them commodioully. And
if to this again we add the diftance requifite for che Object,
i queftion whether fome Mens Arms will be long enough
to
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to manage 2 Pen for Writing, or turning the Leaves of 2
Book. \

I have been the longer on this Propofal, becaufe the Worthy
Author does candidly inviteall, to commuaicate to the Publick,
what real Benefic by it, or Objections againft ir, they f(hall
find. 3

(4) Ifhall conclude this Chapter with the way of Adapt- siepei
ing Telefcopes and Microfcopes to defective Eyes.  Which is brielly T4f :

thus;

A Telelcope compoled of a Convex Obje@-Glafs and Gon- Fivcrre

cave Eye-Glals, being applyd to an old Eye, the EycGlafs
may be a liccle farther removed from the Object-Glafs than or-
dinarily: On the contrary, in fuch a Telefcope for the Eye of a
Myops, the Eye Glafs may be removed a lictle nigher to the
Object-Glals ; the reafon hereof 1s manifelt from what has been
delivered in che Firft Pare. Bucthen, bow much farther, or nioher
they are to be removed, is only to be determined by Exi;;:n_
ment, and by every ones fiting the Glafs to his own Eye.

And fo likewile n Telelcopes compoled of a Convex Ob-
ject-Glafs, and Convex Eye-Glafs : For the Eye of an old Man,
the Eye-Glafs may be removed a'lictle farther from the Objedt-
Glafs, or from the Diffinct Bafe. And tor the Eye of a Myops
a litele nigher to the Object Glafs, than for Eyes naturally and
orderly :ltilc&cd. :

In like manner for Microfcopes; Fuftiche fimple or fingle
Convex for an old Eye, is to be removed a lictle fartber from
the Objeét ; and for a Mjyops, a lictle mgher the Objecr, than
the ufual pofture.

And o in Double Microfcopes: -~ For an.old Eye, the Eye-
Glafs is to be a lictle farther from the Object-Glafs or Diffinct
Bafe 3 and for-a Myops, -a liule nigher the Object-Glafs or Di-
finct Bafe.  And becaule in thele, the Diffnct Bafe 15 brought
wigher to, or farther from the Eye-Glats (withour altering the

Diftance

- - e - - ——
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many Conveniencies and Inconveniencies, which can hardly
be committed to Words;, or delcribed ; and therefore chis is ar
laft the belt Inltructour. But here I {hall mention the chief
Modern Auchors that have contrived Engines for Grinding Glaf-

es, that thole who pleale may con fule them: Mr. Hook in 1.

his Micrographia delcribes an Engine for this purpole.  Heve- jrever

lius in his Selenographia, Chap.I, 1. defcribes another for Mo-
dcilmg the Forms or Difhes for (mndmg Sphm ick Glaffes.  And
in che Firft Parc of his Machina Celeftss, Chap. XXIII, delcribes /

one for Grinding Conick-Glaffes:  Ant. Mar. Schyrleus de f‘kf‘h De Rbat

in his Oculus Enoch ¢ Eliey Lib, IV, has a Michine for Conicl

G.ﬂ-:fﬁ:‘. }Lfifguan at the end ot his '?{:Ffji‘{.*f'fhl{ Horaria dti-,rmc‘i M s

Machines both for Spherick and Conick-Glafles.  Des-Carres |

]

in his Dioptricks has another for Conick: Glaffes. Monf: Borelly vo--s.

has given the World che Secrer of his manaer of Grinding great
(:11[1»5. in Cypher, Jowrnal des Scawars, A, 1676, Fuly 6. bue »
has not yet obliged  us with the Dilcovery: Tho he be a Per-
fon of the uut.mﬂ: Candor and Freedom, and the moft com.-
municative; as I am obliged to exprefs ‘with. mch Gratitude
for his Civilines fhew'd me in Paris 1685. at which time he
gave me an Objeét-Glafs tormed by this way for a Kelelcope
1_1. Foot long, The celebrated Monly Fatio de Duillier (of *

whom Dr. Buruet gives dt‘[cﬂrﬂdly fo excellent a Charaéter in peDuiliics

his Letters of rm'.' m} in the Journal des Scavans, dun, 1684,
Novemb. 20. defcribes an Im. ention ‘of his own, for exactly

forming the Difhes for Grinding Spherick L:LIHL‘S, which in-
deed is very inggenious, and pcr[uti} news Bur I cannot tell
how .1111%, it M vy be pract iled, ‘without fome farcher [mpmu:-
ment ;. for his Contrivances of the Block ¢, and of the Screws
d, 7, (I refer to his Figure) feem not to have all the Morions
requifice, to keep the Point ¢ exactly true tothe Axis of the lic-

tle Telefcope k4.
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more than what the Mm:bht}r Framer of the Eye has given
us a Pactern for.

What this Great Man means by the Different Refrangibilicy of '/ g
Different Rays, Wemay find, Num. 8o. p-3075. N.83.p. 4059. 11
N. 84- p. 4087. N. 85.p 5004 N. 38 p. 5084. N.11o.
p.217. No121.p. 499. N.o123. p. 556, No128. p. 692: of
the Philofoph. Tranfattions ; wherein he lays down a puh.ﬂy
new and moft ingenious Theory of Light,

In the fame Tracts, Num. 81, 82, 83. we may find ancoens
Account of a new Cata-Diop mfm’ Telefcope, invented by I.‘f]t::; tfen
fame excellent Perfon.

(2.) All thac I fhall offer at more in this Chapter, is, 077 ”__
lay down fome practical Rules for finding the Foci and G- GLofs be
tres of Glafles; with fome other Accidental Qmmm, that ma}'" g
be requifite to the clearer underftanding and performance of
fome Precepts delivered in this Treatife.

The Object-Glaffes of Telelcopes are generally of (6 lirle
Curwt:, on their SL]PEIhCIL’S, that by looking an them or by feel-
mg Hmn it cannot be dilcovered, whether they are plain or of
a b;mh rick Fixgure ; or which is for m-:,d on 4 B}th,l e ok a greater,

which of a leffer Radius. To find this (as | have faid before,
in Schol. Prop. XXXLPart ) we are to fhake the Glals nimbly
at our Arms length before the Eye; and if the Objeéts feen
through ic feem to dance or move, the Glafs is not hrn And |
that Glals which makes the Ob;cl..ns feem the mu{}E to mMove is |
Fnrmr.d on the lefs Sphere, whether Convex or Concave.

(3.) When we have thus found our Glafles to be é}amrui For find-
Thtn mimnuw them Emmx, there are leveral Methads for e «
finding their Foci. 1 {hall lay down fome of the plaineft and“9™
moft certain.

Firft, for Glafles of pretry de#P Convexities (that is, of
{mall Spheres), apply them to the end of a Scale of Inches and

Decimal Parts, and expole theni bcmie the Sun ; and upon the
Ff Scale,
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Scale, we fhall find the bright Interfetion of the Rays exaéily
meafured out. Or expofe themin the Hole of a dark Cham-
ber; and wherea white Paper receives the diftinét Reprelen-
tation of diftant Objets, chere is the Focus of thisGlafs.  This
is an univer(al and cerrain way for all Convexes.  For a Glafs
of a pretey long Focus, oblerve fome diftant Objects through ir,
and recede from the Glafs, - till the Eye perceive all in confufion,
S or till the Objeéts begin jult to appear inverted ; here the Eye is
in the Focus. If it be a Plano-Convex Glafs, make it reflect
the Sun againft a Wall; we (hall on the Wall perceive two
forts of Light, one more bright within an other more obfeure ;
withdraw the Glafs from the Wall, dll che brizht Image is ac its
(malleft ; the Glafs is then diftant from the Wall about the
* fourth part of its Focal Length. If it be a double Convex,
expofe each fide ro the Sunin like manner, and obferve both the
Diftances of the Glafs from the Wall: The firft Diftance is
about half the Radius of the Convexity turned from the Sun,
and the fecond Diftance is about half the Radius of t'other Con-
vexity likewife : Thuswe have the Radii of che two Convexi-
ties ; whence the Focus is determined by Prop. IIL Part L. The
reafon hereof depends on the Dottrine of Catoptricks.

. Butthe molt exat way of determining the juft Focal Length
" of the Object-Glafs of a- Telefcope, is what I fhall lay down
in Chap.V. Sec. 4. of this Part, which, becaule [ muft neceffarily
deliver in that place, I will not here anticipate.

The Foci of Concaves are obtained by Refleétion; for as a
Concave Miroir ot Speculum burns at the diftance of about half the
Radius of the Concavity ; fo a Concave-Glafs being fuppofed a
Reflecting Speculum, {hall unite the Rays of the Sun, at the di-
ftance of about half the Radius of the Cavity.

(4.) Before we proceed to the Centratim of Glafles, we are

r ¢h > I . F ]
Conres to recollect the 1 8th. Definition of the Firft Pare, wherein we
fClaffe- define the dxis of a Glafs. “1 lay therefore, when the Axis of

4
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a Glafs paffes directly through the Centre of the Glaffes Breadch

or rmmdncls of its Aperture, that Glafs is faid to be truly centred.
And this will always be fo when the Glafs is equally thick round
the edges of its Aperture.  Butthis will be more intelligible by

a Scheme Tab. 40. Fig. 1. Let agdea be a Plano-Convex.- T-4oF.1.

Glafs, much thicker towards che Edge de, than towards a;
let ag be equalto gd, g is the Centre of t!llb Glafs, for'ts the
mlddlL Point of its Apunm or Breadth, Buctthen thls Glals is
not truly centered : For, to I the Centre of the Convexity agd
draw g1, Ifay g lis notthe Axis of chis Glafs ; bue if there m;w
an other Linel k be drawn, wholfe Portion withif the Glafs ik
is greaterthan bg (asin chis Cafe i may cafily be demonftrated.
For Ik=1g and /b more than /i, For £/ih=Re&k. there-
fore bg lefs s than & /) and which being perpendicular to the plain
Surface ae, as well asto the Convex Surface akd; Ik muft
conle uencl} bf: the Axis of this Glafs. Wherefore k is the true
Centre of this Glafs. - And becaufe, to compleat this Glafs,
there is wanting the Portion dfe; therefore to make the true
Centre of the Glals &, coincident with the middle Point of
its Breadth or Aperture; we are to make k b equal co kd ; and
then we are to cut off, or to cover the Portion of the Glafs 4 4 ¢
equal to d fe; ;md fo we obtain the compleat and truly Cen-
tered Glafs cbkdec. The fame may be underftood of dox-
ble {"auu-us, withour farcher Explication.

Jut becaufe in Object-Glafles of even moderate Lcncr..n\-
'tis impoffible by the L)e, or any Admeafurement of the
Thicknels, to I\m:m whether tht}’ be truly Centered : 1"1uc~
fore we muft have recourfe to fome other ‘\letmma, that may
{hew this. And thefe are various.

Firft, Holuuw the Glafles at a due diftance from che J y
ler us Gbltlw the two reflected Images of a Candle ; and wl
thele two Images sute or m.:fzjw, there is the e Cent re of ti-h
Glafs ; if this bein the muddle of thc Glafles Bre. u b, the Glafs
Ff 2 IS




Unable to display this page



[221°]
and are reflected thereby alongft the pricke Lines; and thefe are
they which caufe the famr Light.  Now ’tis manifeft, thac if

a Plain at f, parallel to the Tliﬂ Surface ae, received thele
two Reflections, the bright Lmht at f would not be found in
the middle of che famt Lwht Fr:u here we fee the fam: Liche
is thrown much to one fide. And the z':'ur;br [lght f is F?O'
]cftt:d upwards from the middle of the faint Light; for the
Glals 1s “thickeft npwards towards its Edge de.

The third Way of Examining the Centres of Glaffes is yet
more compleat than the former; for it does not only difcover
the Faulc (if there be any, a5 in long Objeét-Glaffes tis very
rare but there is; efpecially if they be wroughe in the I'ouﬁ

by the unguided Hand, and not by Engine), buc withal,

rectifies che Fanle, Tls thus; Cover the Surface of the Gla!;
with a chin piece of Paper, in which there is cut a round Hole
of about an Inch diameter, and round abour this Hole there
are to be ftruck two or three Concentrick Circles ; move this
Paper upon the Glafs, till you fee, on the plain that receives
the reflected Light, that the bright Sput is exactly in cthe mid-
dle of the other fainter Light mund it. This alfo one mt}
meafure b 2 Pair of Compaffes, having, tothat end, {lightl;

fixed che 11'1pcr to the Glafs, :Imt we may more mu.h d:_
termine, whether this Ernrf;r Spot be ex actly in the middle.
This therefore being uniuiiy adjufted by gently fliding the
Paper on the Glafs (:F it be rethtc}, we are, w ithout the
lealt : altering this true Pofition of the Paper, to fix it more
firmly 1o che Glals. And laymg it thus on a Table, let us
mark on the Glafs (by the Point of 2 Diamond) three Points
in one of the Circumferences Concentrick to the round Hole in
thePaper. And flicking a fmall piece of Cement on the Glals
about the middle of the round Hole; by means of the three
marked Points, let us find the exaét Centre of this round
Hole. Then uncovering the whole Glals (excepr only the Ce-
meac
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ment in which the Centre is marked), with a. Diamond-
pointed Compals, let us ftrike as large a Circle on the Glaf,
as its Breadch will béar. Then round the Glals according to
this Circle, and 'tis as exacly centred as the Senfe can judge.

But note, That whereas I have {aid that the brighter Spot
is {maller than the famter ; and that the brighter Light is to be
refleted into the middie of the faimter.  This is to be underftood,
{uppofing the Breadth of the Glafs will allow it. For the
Glafs may be {o narrow, that the Projection of the bright
Image of the Sun may be broader than the Breadth of the
Glals. Bue this happens fo feldom in Practice, thatI pafls
it over.

Pere Cherubin, who is often very nice in matters of lictle
moment, and loofe enough in thofe of greater weight and
abfolute neceflity, deﬁ:riﬁes an. implicated Contrivance for
rrue Centring o Glafles. Vifion Cf’m:fait. Tom, 11, p. 109,

e e {5+) The fame Frier lays down a Way of Examining the
ity and R egularity and Goodnels of an Object-Glafs, pag. 25. which
¢ an 0b it may not be amifs here to infert.  After we have centred the

O Objeét-Glafs as well as we can, by the foregoing Method :

To try the Regularity of its Form to the greateft exadinefs,
fays be, We muft do thus. On a Paper ftrike two Con-
 centrick Circles; one whole Diameter 15 the {ame with the
| Breadch of the Object-Glafs ; t'other of half that Diameter.
This inward Circumference divide into fix equal Parts, by che
known way of applying the Radius fix times in the Circum-
ference, and making fix fine fmall Holes therein with a Needle,
Let us cover one fide of the Glafs with this Paper; and then
expoling it to the Sun, we are to receive the Rays that pals
through thefe fix Holes on a Plain at a juft diftance from the
Glafs, And by withdrawing or. approaching this Plain from or
to the Glafs, we fhall find,. whether the Rays that pafs
through thele fix Holes unice exactly together at any difif:mcc
rom
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from the Glals ; if they do, wemay be affured of che Regu-
larity of this Glafs, that is, of its juf} Form. ~ And atthe fame ¢
time we obrtain exaétly {hc Glafles Focal Length,

But 1“{'[ all, there is no better way for trying the Excel-
lency of an (}h;u’c Glals, than by pl acing it in a Tuln: and
trying it with fmall Eye-Glafles ac feveral dﬁhnrOa;;m.
For tan Object-Glafs thac reprefents the Objects the brighteft
and molt difiné, and bears the greateft Aperture, and meft Con-
vex or Concave Eve-Glals, without colouring or Humm,
is furely the mi The muﬂ convenient Object to try them
at, is the Title-Page of a large Book y w ht:rmn there are gene-

ally Letters prin ted of divers Mag Jmudu,, and therefore af-
t(,rd; variety of {mall Objeéts; w n:leb} the comparative Ex-
cellency of Oa,c:t Glaffes may be nicely eftimated. This the
Cciebrhﬁd Monl, Caffini, the French King’s Aftronomer, {hew'd
me when [ vifited him at the Uéy’umm:y in Paris, Am. 1685.
who tryed all his Glafles by the large Title- Page of a Book,,
fixc inverted on :hr:_]mmc of a r‘}Ei:t'lﬂL Wmd-:m' more than 2/
of a Mile diftant from the Obfervatoire.

(6) The nexc Piece of Mechanick-Dioptricks, which 1 fhall Manege:
mention, i, The Managing Great Glaffes.  And herein 1 fhall ¢f 5
not del thls Volume w th delcribing thefe lumpruous Con-
trivances and coftly Machines lmfand tor this purpofe: It
{hall fuffice me to n‘:’ts.r the Reader to the Origmal Auchors,
where he may find them “deleribed at Lm,u <

Hevelius in his Machina Caleftis, Part.l. Cap. 19, 20, 27, Heyelis,
22. defcribes the Engines he ufed for his Telefcopes.  And
amongft others, a Contrivance for managing his Tube of 6o
Foot, and another of 150 Foot long.

Thc defervedly Celebrated Monf. Hugensy one of the chief He
Mathematick Luminaries of che prefent Age, " has publifh'd a
fmall Trad, 4ftrofcopia Compendiaria, dfrﬂned only for Defcrib- #
ing his way of Managing great Glafles w:rh very litdle trou-

Bl
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t ble, and without a Tube. This I am fure is no barren Spe-
culation of the Ingenions Author’s, but f{uccelsfully practifed
by him ; as I can gratefully ceftifie, having had the favour of
being fhewn the whole Contrivance by the Excellent Au-
t]mr%uinﬂ?:lf in his Garden at the Hague, Am. 1685. at-which
planerary time I had the happinefs alfo of feeing his Planetary Clock, or
Clock. Moving Ephemeris, a Machine that cannot be [ufficiently admired.

ottt Monl. Cuffet, an inlgc‘niﬂus French Man of Lions, has pub-

lifh'd his Contrivance for managing great Glafes, in the Fomr-
nal des Scavans, Am. 1685. May 18,

Monl. Caffini, when I'was with him at the Obfervatoir in Paris
(amongft other Curiofities, which according to his uftial Can-
dour and Civility he communicated to me) fhewd me two
very pretty Contrivances for managing great Glaffes; which,
becaufe not yet publick, Ifhall defcribe as well as I can by
Memory at this diftance of time. The fielt was a plain Piece
of Clock-work, moved by a Spring and regulated by a Pen-

dulum Vibrating half Seconds. This carried an Arm that -

ftood fomething: prominent from the Body of the Work ;
which Arm at s extremity carried the Obje&t-Glafs fixe in

a Ring. This Arm and the Object-Glals , by means of
rraduated Arches iny the Clock-work could be turned od Li-
bitum direftly to any Star. Thus fuppole Saturn were to be
obferved; by a common Ephemeris, knnwing his Longitude

» sand Laticude, together with the Time of Day or"Night, the
Arches of the Clock being put to fuch and fuch Divifions,

' and the Machine it felf placed with fuch or luch a part hori-

i zontal or perpendicular; the Object-Glafs was of courfe dire-

in &ly expoled to the Star, Then the Pendulum being put in °

motiou, the Machine kept the Glafs conflantly expoled di-
rely to the Star in its diurnal Motion. This whole Ma-
chine then, being placed upon an Height, carried the Objet-
Glals in its duc pofition; and the Obferver below managed

the

""""
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Propor- (=) | poay reckon another Piece of Mechanick Dioptricks,

EL’}”}’ Y The proportioning of the Glaffes in Telefcopes and Microfcopes,
md v, We have faid before, that, of -two or more Object-Glaffes

rofepes. of the fame Focal Lengths; that is the ‘beft, which will bear
an Eye-Glafs of the greateft Convexiry (thisis ufually called

the Deepeft Charge): Buc yet there are fome Proportions to ¥

be obferved, which Experience has found out, as the moft
convenient and beft adapted for moft Mens Eyes, thac are

well difpofed. For fo a good ObjectGlafs of 12 or 13

*1 deeper or [hallower:

* But moreover, In adapting an Eye Glafs to an Object-Glaf,
refpect is likewife to be had to the Objest we contemplate ;
for Objects of a fedate Lighe, as Satwrn, Jupiter, ¢re. will al-
low deeper Charges, than thofe of a miore brisk and ftrong
Light, as Venus, <.

Wherefore this whole Affair being only the Subject of Ex-
periment, to that Ifhall refer, and only hint by the bye; That
tor Telefcopes of three Convex Eye Glafles,  Cherubin advifes
(Dioptrigue Oculaire, 1L Par. Sec.2. Cap. VI pas. 188.) that,

of the three Eye Glafes, that next the Objeét-Glafs fhould

ibe of the deepeft Charge; the middle Eye-Glafs oughtto be
fomething [hallower ; and che immediate Eye Glafs the fhallow-
"eft of all.
ﬂFor Proportioning Glafles in donble Microfcopes, we may
confule the {fame Auchor. But 'tis tedious to tranfcribe,

The LV. Prop. of the Firft Part, relates to the Apertures of
Object-Glaffes.  Afeer which, we have nothing to add in this
v o, PYace s which otherwife might have been challenged by a Dif-

canrie courfe thereon, as being of ‘a Mechanick Confideration.
mite o (8.) The laft Piece of Mechanick Dioptricks I {hall mention,
f”jf “f«js an ingenious Thought of Mr, Huwks, for making a fhort
Sphere . Object-Glafs perform the pare of one formed on a much lar-

fing T ger Sphere. ¢ Prepare

Feet, will bear a Charge of 3 Inches, betcer than a Charge much
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il “ Prepare (lays he) two Glaffes, the one exaétly flat on

O, “ both fides, the other flat on the one fide, and Convex on
il | § “ the other, of what Sphere you pleafe. Let the flac Glafs be
bear t¢3 liele broader than tother. Then ler there be made a
od | | ¢ Cell or Ring ‘of Brals very exacly turned, into which thefe
i fl % “two Glafles may be fo faftened with Cement, thar the plain
ok | “ Surfaces of them may lye exaétly parallel, and thac the Con-
(N “ yvex-fide of the Plano Convex-Glafs may lye inward, but

|5( ¢ (o as not to touch the flat of the other Glals. Thele being
Nich ¢ cemented into the Ring very clofely about the edges: By a

¢ {mall Hole in the fide of the Brafs Ring or Cell, fil che
i “ interpofed {pace berween thele two with Water, Oyl of. Tur-
e, < pentine, Spirit of Wine, Saline Liguors, ¢s¢. then ﬂZDP the Hole
JJ | <« wich a Screw : And according to the differing Retraction of

-

W “ the interpofed Liguors, {o fhall che Focus of this compond
B “ Glafs be longer or fhorter.  7id, ‘bee’nfnpb. Tranf. Num. 12,

-

the defired Effect will noe be fo fuccelsfully ateained thereby, ,
g fo as to conftitute an Object-Glafs for a Telelcope.  For cer- (K
i aainly, were it effectual ; ‘tis fo eafig and withal fo ufeful, fL

' that before chis time ic would: have obtained, and been pra- '
Gifed wniverfally. And this makes me queftion, whether it
would be of any better effect, thana Menifcys-Glafs, or a Com-
bined Glals of Prop. XVII, Part. L.

h_ | Pd‘g. 20L. L
I This, I muft confefs is an - ingenious Hint: Buc I doube nl
i
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Cuare V.
OF T elefcopick-Inflruments.

(1) Controverfie between Hevelius and Hook concerning Te-

lefcapick Sights: (2.). Hevelius's. Objections againft them,
'« His Miftake concerning them.. (3.) Their Fabrick or Con-
trivance.  (4.) Adjufting them. to plain. Rulers or Tubes.
(5.) Tb Quadrants, Sextants, &c, (6.) Dioptrick q{f‘-ﬁﬂ

of their Performance, (7.) Adapting the Micrometer to a

'Hﬂ!’{:ﬁ'ﬂfl{:.
(1.) HE Fame of Jobannes Hevelius, Conful of Dantzick,
is delervedly celebrated by all chat delighe in Aftro-
nomy. His Performances herein are highly extolld' by all ;

and the fiimptuous Volumes of his Labours and Studies, which
he has publithed, have procured him an immortal Name of
Honour. among(t the Lirerate.  But notwithftanding all his
commendable Endeavours, hehas notyetarrived ar the height
of perfection; but fomething is yer wanting and deficient even
in his moft coltly Machines. Whoever perufes the large and
clegant, Volume of his Firlt Machina Celeftis, will admire at
the valt Treafure he' has expended on Aftronomical Infteu-
ments of all forts; when the fees even the very Defcription of
them (o very fumptuous. And yet, at the fame ume, who-
ever pernfes a fmall Book ufzf}zi:;:atft-erﬁaaz.c on this Machina Ce-

leftis, by the ingenious Mr. Hook, will find one grand Defect

does attend the noble Hewvelins Inftruments, which renders
them (I will not fay, ufelefs, faulty, or no better than Tichos,
yet) not {o compleat and perfect, as otherwile they had been
by the Addition of Telefcopick Sights. For Hevelius wholly
uled Plain Sights, which certainly are not o accurate as Telel-

copick.

!
(1
|
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tingeret, ~per Centra lentium collineat, facile diwrﬁmrlaﬁq:m afpe-
Etiis obfervationibus pofit induci, que ﬁm tempare Celi fcrutatores

jugiter feduceret.  Caterum, cum Acus vel Fila adeo prope lentem
Ocularem ad obfervatoris oculum vix in remotione aliguot digitorum [ub-
[fiftunt 5 dubito an Dioptra hac oculo tam prqp{ngua, minlto accura-
tins Stellas quafvis minimas, quam Pinnacidia noftra, ad fex no-
vemve pedes ab invicem remota, poffit deregrre._ Nam etiamft ob-

fectum dfﬂinﬁ‘iu.r wideas 5 i eo tamen, q_uad' Dioptra tua oculo pro-
pins adberet, plus a vero deflectere poteris, quam nos circa noftra
Pinnacidia, que tanto [patio- ab invicem remowentur. Ut taceam,
guod interfectio filorum minimas Stellas tibi tegat, &,

For Englifh Readers thus,

¢“ Add to this, That if at any time the Obfervator chances
“not to look directly and precilely chrough the midft of che
¢« Glaffes (as believe me it may often happen) fome Varieties
¢ may eafily intermingle with cthe Obfervations, which in time
“ may egregioufly deccive the Aftronomer. Moreover, feein
“the Needle or crofs Threads, do ftand (o clofe to the Eye-
“ Glafs, and ncar the Eye of che Obfervator ; I queftion whe-
¢ ther thele Sights, fo near the Eye, can difcover the fmalleft
¢ Stars much more accurately, than our plain Sights; which
«are diftant from each other Six or Nine Feet. For, tho b
¢ thele Telelcopick Sights, one may fee the Objeét more di-
“ ftinctly 5 yet becaufe they are fo nigh to the Eye, one ma
“err, "more than tis poffible by our plain Sights, that are fo
“ far afunder; fo that I fhall take no fgrthﬂ notice ol another
“ Inconvenience, whichis, that the Interfection of the Threads
“fhall cover the [malleft Stars from your Sight.

;ﬁé;‘;} Thus far che Learned Hevelivs. -~ Which fhews plainly, thae
cerig he had no right apprehenfion of the Nature of thefe Sights.
#%  And therefore the beft way of reconciling him to them, had

been, fairly to have laid down the Dioptrical Reafons of their -

Performance and Exaétnefs, Upon a right nnderlhnding
whereol,
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whereof, all thofe Objections would be anfivered, and would
naturally vanifh. This had been the right Method of pro-
ceeding among(t Candid Philofophers: Whilft vilifying' his In-
fruments, and {lighting his Performances with them as no
better than thofe in the Age before him, did but exafperate
the Noble old Man, and made him adhere more obftinacely
to his former Practice.

That Hevelins did not rightly apprehend the Nature of Te-

lefeopick Sights, is manifelt by this Objecrion which he makes

againft them, from the fhortnefs of the Line of Collimation,
which he imagins no lmger, than between the Eye or Eye-

Glafs, and crofs Hairs; but is really as g as between the |

Object-Glafs and crofs Hairs: As fhall be evident from what
 (hall now lay down.

Wherein I fhall briefly explain their ufual Fabrick or Con-
trivance ; their adjufting to a plain Ruler, Cylindrick, or
fquare Tube; their adjufting to Quadrants, Sextants, and -
other Inftruments ; and the Dioptrick Realon of their Per-
formance and Exalnels.

(3.) Andfirft, the Fabrick or contrivance of thele Telef: Tieir Fe
copick Sights is briefly thus, Tab. 39. Fig. 1. Choofing an Ob- cou.-
ject-glals ¢ ¢/ and convex-Eye-glals o p proper for the lengeh 775,

of the Ruler or Tube gopl which we are to ule. Let us

take care that the Object-glals Le prewy well centred (by Chap. 7vue cen-
- trasien af

4. Sect. 4. of this part) buc in this particular che greatelt exaét- Glafas

nels 1s not rr:quiﬁ:e ( whatever Pere Cherubin d Orleans may i:a)' 4}--'}“5*
. TFeFgofis ¢,

to the contrary, in the fecond Tome of his ¥ifion Parfait. Paris
1681. fol. in his defcription of Levels. pag, 23,81, 106, 108,
109. &c. bue chiefly paz. 107. wherein the Friar is moft grofly
miltaken) ’tis (ufficient, if the Glafs be pretty nigh the maceer,
as ufually moft Glaffes are, immediately out of the Workmans
hands. This Object glafs and Eye-glals are each to be fixed
ftrongly on a brafs Ring in the Ruler at cheir proper di{’c‘mcc&
An
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#ind exaétly in the Focus of the Objeét-glals fm di in an o-
therbrafs Ring are ftrain'd the fineft crofs-Hairs £d, im; This
Ring is contrived to be moveable to the Righe and Left hand,
towards f, or towards 4, and allo (if the nature of the Inftru-
ment, to which we affix thele Sights, require it) apwards and
downmwards ; and tobe fteadily fixed inany pofture by ferews or
otherwife. The Mechanick contrivance where of is obvious
enough, and needs not here be defcribed, every one pleafing
" himfelf in his own way.

By the Doétrine inthe firft parc 'vis manifeft, that this Tube
being thus difpofed and prefented before a Diftant Obje&t 4B,
the Picture or Image of the Object is projected in the Focus of
the Object-glals f ed; and this Image 1n the diftin& Bafe is at
the plain of the Crofs-hairs. Wherefore all the Rays that com-

fe this Irage, which efcape, ordo not fall on, the Crofs-
hairs, fhall arrive ac the Eye freely, and diftinétly.  Bue the
Points in the Image, which are projected, and fall juft on the
Crofs-hairs, are hid by the Crofs-hairs from the Eye : and the
Hairs themfelves appear as if they were really ftrecch’d upon the
zery Object. - "For they are extended in the diftinét Bafe, which,
in this kind of Telefcope, is the Locus apparens of the Object, by
prop. so. febol. Arthe lame time the Hairs themlelves appear
very diftinétly to the Eye gin the outward Focus of the Eyc.glals
b}f prop. 32, 33 Jchol..,

We may then conceive, thatthere is fome one Point inthe Ob-
je&, as fuppole B, ' which fending a Cone of Rays on the Ob-
ject-glafs, the Principal Ray of this Cone, or the Axis thereof;af-
ter paffing the Object-glals, runs parallel in ¢ to the fide of the
Ruler or Tube { p. Wherefore if the interfeGtion of the Crofs-hairs,
e, without removing or flirfing the Object-glals in the Tube,
be brought to meet wich this Line, or to €6ver this Point B in
the Object, and be there ftrongly fixed: Whatever Point, in any
Object, hall hereafrer be found covered by this croffing of the
Hairs ;

H,ﬁ!.‘

1on
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Hairs; we may be aflured thac this line of, Collimation, »iz..
the line from J;c Eye to this point in the Objed, or ‘theline
from this Inter(cction ¢ to the point in the Objeét, 'rns parallel
to che fide of the Ruler or Tugc, and therefore the' fide of the
Ruler 1s diretly pointed towards chat mark in the Objeét.” ' Re-
(pect being had to the Breadth of the Ruler,

In like manner, fuppuﬁng the fides ofthe Tube were in the
lincs D E, F G; and the Obje@-glafs fixed upon it in the pofture
exprefled in the Figure.  We may conccive fome poine A in the
Object, the Axis of whole Coneof Rays £'c d after paffing ' the
Object-glafs, *runs parallel to the fides D E, F G.” If then the In-
tedfection of the Crofs-hairse, without {tirring che Object-glafs
in the Tube, be brought downwardsto d, fo that it may meer
with the line ¢ d, and cover the point A in the Obje&t, and the
Ring of the Crofs-hairs be there fixed. Whateyer point in an Ob-
ject fhall hereafter be found covered by this croffing of the Hairs,
the line” from the Interfection of the Hiirs to chis point in the
Objeét runs parallel to the fides of the Tube orRuler DE, FG.
And therefore we may be fure, the fides of the Ruler are direétly
pointed towards the mark A inthe diftant Object. * Refpect be-
ing had o the Rulers Breadth,

For from whatever point on the inner {urface of the Objeét-
glafs (how thick foeverit be, or how ill focyer centred ) the Ray
¢ d emerges ; no other Ray can emtrge from that fame point,
and fall on the point d, bue it muft neceffarily be a principal
Ray or Axis of fome Cone, and muft fun parallel to the fide of
the Ruler D E. ~ For whatever Optick Angle the length A Bin
any Object fubtends; that lengthihall be projected by this Ob-
jeét-glalsinde _Ihbtending the fame Angledc e.

(4) Wheretore we now comie ro fhew how to find out the

to rectific the Crofs-hairs on the Ruler. Tubs.,

H h And

Adja i

them to

Ray cd, that runs parallel tothe fide of theRuler DE; of how e
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And firft for, adjufting cthe Crofs-hairs at their exaf® diffance
tom the Object-glafs, thatis, in'itsexac Focus. This is eafily

Focus of performed chus, Let us look ar fome Object diftant Lnr 4 miles ;

and moving ot fhaking our Eye before the Eye-glafs upwards
and downwards, or to one and t'other hand, let us obferve
whether the Crofs-hairs feem to move, or dance, upon the (aid
Object: for if it do, chen the Crofs-hairs are mor ac their exaét
diftance from the Objeét-glals ; buc they muft be moved farcher
from or nigher to the Object-glafs; till the Eye, looking at fuch
a diftant Object, and moving before the Eye-glafs, perceives
the Crofs-hairs, as it were, fixed and immoveable on the Object.

( Note. . This is the way for exaétly determining the Focal length of

F Objeét glafs, to which I have referred in Chap. 4. Sec. 3.)

1f 1 ranfng the Eye, the Object feems to fall down on the
Crofs-hairs, or if in deprefling the Eye,the Object feems to rife on

the Crofs-hairs, then are the Crofs-hairs too nigh the Object-glafs :

but if in raifing the Eye, the Object feems to rife on the Crofs-
hairs; or in depreffing the Eye, the Object feems tofmk or fall
on the Crofs-hairs; then are the Crofs-hairs too far from the Ob:

~ ject-glafs. ~ All which will be evident from Tab. 39.1. 2. where-

in let A B bea diftant Object, whole middle point Cis projec-
ted by the Object-glafs, D atk. Let m n1 be the Crofs-hairs too
nigh the Object-glals and m n 2 the fame too far from the Object-
glals e, f> 2, the Eye placed ac three different ftations. Inche
cale of the frft Crofs-hairs, if the Eye rife from etof, it per-
ceives the point k depreffed from 1 to k, or if the Eye fall from
eto g, it perceives the point k railed from 1 to!l: and here the
Crols-hairs are too nigh the Object-glafs. But in cale of the fe-
-cond Crofs-hairs ; if the Eye rife from eto £, the point& fcems to
rife on the Crofs-hairs from 2 to r; or if the Eye fall frome to
g, it perceives the point k fallen from 2 tos: and in this cafe
the Crofs-hairs are too far diftant from the Object-glals. Bur if
the Crofs-hairs are exactly in the Focus at'k, let the Eye rife
or
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- fides.ab, bg ; if they do nor, buefall ro the right hand

A

| L2361 |
bring the Interfectioniof the Crofs;hairs ¢ to meet wich che Ayis
L K of fome of the Radious Pencils, which Axisy after pafling
the Object-glals, runs parallel to thefe Sides.

To effect this (Ta . 39.f-4, 5.) weare to raile the plain

' Board AB fdgwiﬁf onthe Board of a window or table G Dy o

that we may. reft or  fultain. the Ruler or parallelipiped Tube
abcdef g b, on'theround Pinsi, k: thenlooking through the
holein the end ¢ b d ¢ defigned for the Eye, let us obferve the
point.in.a far diﬁmt Object, which falls exactly on the Incerfec-
tion of the Crofs-hairs.: - Afterwards, ler s invert the Ruler- or
Tube (as'we haveitin fig. 5. ) making the fide a5 ¢ d, which
infig.4. was uppermoft, now undermolt in this o, 5. by which
means,  the fide of the Tube adbe, which in fiz. 41 was fara
theft frdni_t'_h,ﬂ'B‘d?.fﬂ:},' i fig. 5. is next the Board. Fhen looking
through the Tube,, let us obferve, whethier the Crofs-hairs fali
now onthe fame point in the Object, as in the firlt pofture : If
they doe agree exactly, “thenis the line of collimation parallel. coyche
. Cy o nof, Duefal ; apparent-
ly of the faid point in the Object, - then are the Crofs-hairs to be
removed (by whatever Contrivance they are made moveable)
tothe Left Hand ( the consrary requiring the. contrary),, fothac
the Tﬂbt_fgdntinuir;g]. in this :Iat't{iiz ofture, the crofs-Hairs may
cover. a Point in the Obje&t, ‘middle between the. Point cover-
ed in the pofture of Fg. 4. and in the pofture of Fiz, 5. at
the firft fight. - And thus by frequent Repetitions and Tryals,
we at, laft bring all to nights, ~ After, the fame magner thatywe
have rectified [Eﬂ Line of Gillimation to 'rlun_.;},:a:;zﬂﬁf to any_fn‘n
parallel Sides of the Tube, we may, rectifie it to 2 Paralleli/m
with the other two parallel Sides of the Tube (fuppofing the
Rin(g that. carries- the crofs-Hairs to have all the Motions ' re-
uifice to fuch Retification).. And [o' we fix all

: ﬁmng]}f,
chiefly the Object-Glafs and crofs-Hairs ; and the Operation is
compleat, :

By
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without farther Rectification; as being impoffible to be ob-
tained to [ufficient accuracy; and therefore we mult have re-
courle to fome fuch Method as foregoes.
I have hitherto mentioned only two of the fineft crofs-Hairs
to be extended as a Menfurator in the Focus of che Objeét-Glals :
But for fome Ules, perhaps the fineft Silver, or Gold Wire, is
5.0 1, better; as not being difordered ER« Heat and Cold: Or elfe,
endof thi the Point of the fmalleft and moft curious Needle, on whofe
i Excremity, the fmalleft Telelcopick-Scar may be vifible.
cofiry When thele Telefcopick Sights are riﬁhtly adjufted in the
vy of  Tube, and ftrongly fixcin their due Pofture by Screws, and
if;{ff “all covered over from outward Injuries and Accidents, they
Sghir.  are of all Sights the moft conftant and lafting, and the
leaft fubjet to be difordered: So that, when one finds the
Great Hevelius objecting againft chem, theix dptnefs to be out
of order, one would think the moft commodious Fabrick of
them was never explained to him; tho Iam fure, his Inftru-
&tor Mr. Hook was as able, as any in the World, to inform
him rightly in this Matter. :
To Q- (5.) 1 come now to the Reftification of thefe Sights on
sextants, (adrants and Sextants, for taking Angles. This is done ei-
= ther before or after the Divifions into Degrees, ¢rc. are made
on the Limb of the Quadrant. If it be done lefare, then
Tab 39. We {uppofe the Telecope TL (Tab. 39. Fiz. 6,7.) fixt to
P47 the Quadrant, which we fuppofe continued a little farther than
the Fourth part of a Circle. Chooling then an Object pret-
ty near the Horizon; let us look through the Telefcope,
- in the ufual Pofture of Obfervation, as Fig. 6. and obferve the
Point in the Object marked by the crofs-Hairs; “and at the fame
time We are to note moft nicely the Point ¢, which the Plumb-
Line fcg, hung from the Centre f of the Quadrant, cuts on
the Limb. Then we are to invert the Quadrant into che Po-
fture of Fig.7. (which is eafily done by the ufual Contri-
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vances for managing great Quadrants, by tooth'd Semicircles
and endlels Screws) keeping ftill the Telefcope T L nighly
upon the fame heighe from the Ground, as before) unlefs che
Object we look at, be fo far diftant, that the Breadth of the
Quadrant fubtends but an infenfible Angle. But yet for cer-
tainty, 'tis better to keep the Telefcope, as ’tis faid, upon the
fame height from the Floor); then direét the Telelcope TL,
that the crofs Hairs may cover exactly the fame Point in the
Object, as before in the Pofture of Fig.'6. And hanging now
the Plumb-Line 4 f¢ on the Limb o?gthc Quadrant; let us
remove it fo and fro, dll we find out che exa&t Point 4,
from which the Plumb-Line being hung, fhall moft nicely
hang over cthe Centre of the Quadrant f. Then carcfull}
marking the Point 4, lecus divide the Arch ¢4 into two equal
Parts in »; and drawing b f, the Point b is the Point from
which we are to begin che Divifions of the Quadrant: And
the Line of Collimation through the Telelcopick-Sighe, ftands
exatly at Right Angles to the Line bf. So that the Qua-
drant 5 f d being compleated and divided, the faid Line of
iight through the Telelcope runs exquilitely parallel to the
me fd.

In én‘: nexr‘f‘iacc, fuppofing the Quadrant 5 f d truly com-
pleated and divided ; and that we defigned to fix thereto
the Telefcopick-Sight T'L ; fo thacthe Line of Sight may run
exaltly ac Right Angles to the Line bf, or parallel to the
Line d f. We are to do as in the foregoing Praxis, And if
in dividing the Aich a¢, we find its half exaltly coincident
with the Poinc b, we have our defire.  But if ic differ from
the Point b, and fall between b and d, then the Line of Col-
limation through the Telelcope ftands at an abiufe Angle with
the Line &f ; and the Inftrument errs in excefs :  If this halt
Arch fall withont b and 4. then the Line of Collimation makes an
acute Angle wich the Linc #f; and the Inftrument errs in
ﬂlffl'ff.
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defedt. . And by often Tryals, ;we are .to remove the crofs-
Hairs within the Tube, fo much, as is requifite to corredt
ehis Frror. - And when we have thus reéified.them. to cheir
due place, - chiere they are to be ftrongly fixt.  Or elfe, in
Ohbfervations taken: by this Inftrument, we are to nake allowance
for this:Error ;. by j):’{f:n'aﬁhg from. (if it be in excefs) or by
addinig to (it it be in defect). each Obfervation {o much, as we
find, che Error to be.

The reafon of this Reéification .is, moft plain; for ’is
manifeft,  that ¢ fd  (Fig.6.) wants of a full Quadrane, as
much as :zfd (Fig. 7.)  exceeds a Quadrant.  So the difference
of the two Arches in the two Poftures being ac; half this
difference b ¢ added in Fig. 6.-or a b fubtracted in Fig. 7. makes
bd a compleat Quadrant. |

If we find our Inftrument err in taking Angles, and we
defire to know the. Error moremicely, than' perhaps the Divi-
fions of the Inftrument it felf will thew ic: We are to do -
thus; Let us obferve diligently the Object pointed at, in the
Pofture the Inftrument dilcovers its Error; and the Object
pointed at when the Inftrument lies tzuly. -+ Then, witha large
Telefcope and Micrometer (as is ufed in taking the Planets
Diameters, as {hall be declared hereafter, Sec. 7.): Let us
take the Angle fubtended at the Object-Glafs of the Quadrants
Telelcope by the Jength between thefe two Objects, and we
obtain the Error of our Inftrument moft nicely. Thus for
Example; Suppofing the Quadrant bfd already accurarely
divided, and that the Plumb-Line, Fig. 6. plays over the Point
¢: And upon the Inverfion of the Inftrument, Fig. 7. we find
that before we can get it to play exactly over the Centre f,
we muft hang it over the Point e ; fo that the Arch e b ex-
ceeds bc by the Arch ea; 'ts plain that the Angle efa is
the Error of the Inftrumenc: For had the Plumb-Line hung
over a, and over the Centre f in this latter Pofture, the In-
ftrumen
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bring all to rights, and there fix them : Or by the Methods
before laid down in the Reftification of the Quadrant, we are
to find che Quantity of this erroncous Angle, and to allow for
it in Obfervation

In Inftruments furnifhed with two pair of Telefcopick-
Sights, one on a ﬁx.': Arm, and tother on a moveable Arm
(by the Ancients termed an Alidade) 5 ’tis eafic rectifying the
Sights on the moveable Arm thus: After the Si%hrs on the fixt
Arm are rectifid by what foregoes ; bring the Index of the
moveable Arm to the beginning . of . the Divifions on the
Limb of the Inftrument, be it Quadranc.or Sextant, &re. dis
then manifeft, thatche Line of Collimation through the mov-
able Telelcope (if it be right) fhould lye parallel to the Line
of Collimation through the = fixt Telefcope. Obferve there-
fore, whether the crofs-Hairs ‘in bath Telchnpts do at the fame
time cuc the fame Stary or fall on the fame Point’inan Ob-
ject diftant three or four Miles. If they do, then the mav-
able Telefcope agrecing with ‘the fixt, and the fixt being
[fuppofed rectifid to the Divifions on the Inftrument, the mou-
able is right likewife. - But if the Hairs in the movable Tele-
fcope do:uoryagree in marking the fame Point with the crofs-
Hairs in the fixt Telefcope; then the Hairs in this movable
Telefcope are to be removed (by whatever Contrivance there
is for that purpofe) and brought to rights, and there fixz.

There are other Methods propounded for rectifying Te-
lefcopick-Sights on other forts of Inftruments, by means of
Obfervations towards the Zenith, as our former Methods have
been imployed towards the Horizon. < Bur ’tis fufficienc here
to lay down only what foregoes, as being of :the greaceft
and-moft frequent ufe : Referring for the others to M.Picard's
Treatile of the Meafure of a Degree of a great Circle of  the
Earth 5 publifh'd ac the end of Memirs for a Natural Hiftory
of Animals; &c.. By the deademy Royal at Paris 5 lately eranflated
into Englifh, and printed at London, 1 688, Fol, Before
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lefs than a Second. 'The Telefcope that magnifies diftinét-
ly the Appearance of Budy, magnifies allo diftinctly the
Apppearance of Extenfion, Space, and Motion through  chis
Space;; fo if the Minute-Hand of a2 Watch, which can bur juit
be percieved to move,  be looked upon wich a Maguifying-
Glafs, we fhall fee ic give a confiderable Leap ac ever
Srroak of the Balance, And thuos likewile che flow diurnal
Motion of the Sun or Stars, which is hardly perceivable by
the bare Eye, unlefs affifted by an Inftrument of a vaft Ra-
dins, is moft eafily perceived through an ordinary Telefcope
of 18 Inches long: Inlomuch that we may determine to the
greateft Niceity and Exactnels, when a Star paffes juft over
the crofs-Hairs, ‘even to the fingle Beat of a Second-Pendulum.
And let an Object in the Heavens rife never fo litdle, the
Image in the Diftinét-Bafe falls correfpondently at the crofs-
Hairs; and the Eye, by means of the Eye-Glafs, perceives
chis Motion, be 1t ‘never fo fmall. Thus fuppofe (Tab.39.
Fig. 1.) thata Star rife from Bto A,  the Image falls at the
crofs-Hairs in the Diftin¢t Bafe from e to d 5 then by means of
the Eye-Glafso p, the Space e 4 is mightily magnified, and con-
(equently the AngleB ¢ A, equal to ¢ ¢ d by ‘which the Star is
rilen, is made moft fenfible to the Eyeq. « By whatforegoes in
the Firft Part concerning the magnitying of this lort of Telelcope,
By this we may. perceive, how the Noble Hevelins was
miftaken in his Eftimate of thefe Sights ; when he imagind
the Line of Collimation therein was no longer than between. the
crofs-Hairs and Eye-Glafs: Whereas chis Diftance is not atall
to be confider'd in their Performance; the Line of Cullimation
being full as long as the Diftance berween the Objeét-Glals
and crofs-Hairs. I am perfwaded, had he been redifi'd in
this_particular, be would never have adhered fo obftinately
to the Ule of plain Sights upon his moft coftly Inftruments.
Tho T muft confefls, ’ts difficule to wean aMan from the
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And thus much concerning Telefcopick-Sights ; from whofe
application to Mathematick-Inftruments ,  Aftronomy, and
Geography may expect their utmoft Advancements. And
even Natural Philofophy it felf may hereby receive the greareft
Help, when we con ider how Telefcopes may be applyd to
many Experiments therein ; amongft others, to miake the moft
nice Hygrofcope ; and has already been uled for accurately de-
terminiing the capricious Pariations of the Magnet,  Telefcopick=
Siohts have been already fucccﬁﬁllik: apply’'d to moft exquifice
Levels; wherein Monf, Picard in his Curious Treitife Du Ni-
vellement has prevented any farther Explication: And I doubt
not, but every Day will find new Ulfes for thefe Sights,
Amongft others, T'll prefume to mention my own Telefcopick-
Dial already publifh'd, Ao 1686: A Coqtrivallce, which,
withoue Vanity I may fay, has not difplealed at Home, and
has been well reccived Abroad. _
(7.) Thenext Telefcopick Inftrument which I fhall explain ,
is the Micrometer. ' Concerning the Invention of this Ingenious
Inftrument, ‘1 have only this to fay, That for the Honour
thereof, there are feveral Competicors : Monl. Petit, Surveyor
of the Fortifications in France, was the firfk that publifh'd to
the World the rough Draughe hereof, 12. Mar. 1667: Vid.
Fournal des Scavans, 16, May 1667. After him Monl. Aout,
another Ingenious Frenchman, publifhd a Traét concerning
the exact Menfuration of the Planets Diameters, wherein he
feems to challenge the Invention of this Inftrument to himfelf
and Monf. Picard, TJourn. des Scavams, 28. Fuin. v667. and
Philofoph. Tranfait. Num.2 1. pag.373. But laft of all a Candid
Englifbman of our own, Mr. Rich. Townley, does vindicace
the firlt Contrivance hereof to its true and original Author,
M. Gafcoigne an Englifly Gentleman, who was killd in King
harles I, Service, Vid. Philofoph. Tranfaét. Num. 25. par. 457.

of ehe Misherein M. Townley  (who is of undoubted Credit) afferts,
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that Mr. Gafeoigne made and ufed this Inftrument before the
Civil Wars in England: And that Mr. Townley had then in his
Cuftody two or three of thefe Inftruments firlt devifed by
Mr. Gafcoigne ; to which Mr. Zownley himfelf had added fome
confiderable Improvments.  All which, with the exa& Fa-
brick, and ficting of the Body of the Inftrument to a Tele-
fcope, we fhall find accurately delcribed in Num. 29. p.541.4
Philofoph. Tranfaét. o which I {hall therefore refer the Reader;’
and fhall hint only fuch things concerning it in chis place ;
as may be there wanting for the clearer Inftruction of the un- i
excerciled Beginner. Hil
Firft cheretore for a brief Defcription thereof (as much as |
is requifite to maintain the order of our Dilcourfe) ; tis in
{hore ¢his. In the Focus of the Obje@t-Glafs of a Telefcope, r’r'; .
there ate placed two fine parallel, Hairs, or fmooth Edges of i
Brals Plates; thefe are made by Screws to open or clofe ac i g
pleafure, as wide as the Telelcope admits, The Turns of il B
thefe Screws are reckond out by proper Iudices ; fo that in :1
{
|

opening the Edges of the Micrometer, the Indices do fhew,
how many Revolutions of the Screws, and Parts of a Revolu-
tian are compleated in that Opening,  Suppofe therefore' the
Screws to be of [o fine a Thread, as to contain 30 Threads
n an Inch length ; then every Revolution of the Screw opens

or clofes the Edges of the Micrometer a thirtieth part of an 1

Inch. By one Revolution of the Screw, the Judex receives :?i"i: i
ene Revolution: Then, the Circumference of the Plate, over 'i.I
which the Index moves (as the Hand of a Watch over the hF‘ '
Hour-Plate) being divided into 100 Parts; when the Index/ i

moves one of thele Parts, the Screw moves the Edges a three|
thoufandch pare of an Inch; (or the one thirty fix thonfandih
part of a Eoot ; by which we find how eafie. ’tis to divide a
Foort into thirty {ix or forty thoufand Parts) And this Motion,
tho every Minute;, is made, by the Eye-Glaks of the Telelcope,
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The way of taking [mall Angles by this Inftrumene is
thus ; Suppofe it were the Diameter of the Moon; Open the
Micrometer till the two Edges do juft clafp ‘or touch the
Moons Edges ; then obferve by the Indices how many Re:
volutions and ' parts of a Revolution were compleated to
this opening’s and by a proper Table (che way of compofing
which [ fhall fhew prefently), convere chele Revolutions and
Parts into Minutes and Seconds.  In like manner, for obfery-
ing fmall Angles on the Earch, the Diameters of the ocher

Planets, the Diftances of Fupiter's Satellits from his Body, or ™

the Moons Spots, .

But now for making the Table, Firft we are to fix the Mi-
crometer exactly in the Focus of the Object-Glafs (by the Rules
before given, Chap. 5. Seét. 4.) if it be at very diftanc Ob-
jects we defign to ufe it: Or otherwile in the refpective Fo-
cus, if it be defigned for nigh Objeéts.  We may then com-
pole the Table two manner of ways: The fitt is more eafie,
tho not fo very certain and accurate, yet. exaét enough for
moft Ufes. Meafure by Inches and Decimal Parts the Di-
ftance between the Object-Glals and Micrometer, raking in-
to the Account' two Thirds of 'the Object-Glals's Thicknefs :
Let us f{uppofe the Diftance 10 Foot, or 120 Inches, or
120000 Parcs; and we defire to know what Angle is (hewn
by the Micrometer, being open 2 Inches, or 2000 Parts,
The Computation is plain (Tab. 35. Fiz. 4.) ¢ y=120000,

fd=1000, thene d=ef= 1000. And As ey : ToRad.:: -
Soed:To Tang. Leyd=Leyf=0" 28' 38, and there-

fore Zfyd is equal to o™ §7' 16". Then finding by accu-
rate Admeafurement, how many Revolutions of the Screws
or Index, are requifite to open the Edges 2 Inches ; the (ame
compleats the Angle o” 57 16", Suppole therefore 60 Re-
volutiens open the Micrometer 2 Inches; then 6o Revolu-
tions {hew, that the Object, cthac jult appears chrough the
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Edges ac_ that opening, {ubtends an Angle of o’ 57 16"
Then 30 (vix, half 60) Revolutions give 28" 38", iz, half

7' 16" And onc Revolution gives an Angle of 57" 16"
and the hundredth part of a Revolution gives 344, And
thus the Table is compoled to any Number of Parts and Re-
volutions requifice. Bur this Way, depending on i exa@
Admealurement of the Diftance of the Micrometer's Edges
(which can hardly be obtained to fufficient Accuracy, unlefs
we know moft nicely what Number of Threads in the Screw
there were in an Inch length; for then we know what Num-
ber of Revolutions compleat an Inch), “tis not fo accurace
as what follows, which s,

The fecond way for compoling the Table, is chis: Haying
fixe che Micrometer atits due Dil%ancc from the Objet-Glafs
on the fide of a Wall or Honle far diftant mark out rwo
confpicuous Objects, thar may both at a time be received
into the Telefcope: Mealure nicely the diftance of thele Ob-
jeéts from each other; and alfo the diftance of either of them
from the Object-Glafs (which we fuppole directly before the
Poine in the Wall middle between the two Objects). . And
by Trigonomertry calculate the Angle, which the diftance
between thele two Objects Ihbrcnds%:ef'urc the Object-Glafs,
Then looking through the Telelcope, open the Micrometer,
till the two Edges. chereof exatly meet with or embrace rhefe
two. Objects 3 and oblerve, ‘how many Revolusions and parts
of a Revoluton are performed in this opening ; for fo many
compleat the Angle before calculated. And having the Re-
volutions and Parts that compleat any-one Angle, we ma
eafily find all the reft, asaforefaid. For in thefe Imall Angles,
the Angles and Revolurtions are proportional ; that is, if a cer-
tain Number of Revolutions give a certain dngle ; balf chis Nuws-
ber gives balf this Angle ; and the hundredth part of this Num-
ber gives the hundredch parc of the Angle, <.
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In the firft Method that I proEGIEd for. adapting the Mi-
crometer, and compofing the Ta

Object-Glafles Thicknefs in meafuring its diftance from the
Micrometer.  But this Nicety is hardly requifice ; unlefs ic be
in {hort Tubes. For at the Radius of 10 Foor, 1In¢h is
the Tangent of 28’ 38"; and ac the Radius of 10 foor 4 one
tenth of an Inch, 1 Inch iscthe Tangeht of 28' 37"; fo there
is but one Second difference ; tho we fhould err one tenth of
an Inch in admeafuring the diftance between the Object:
Glals and Micrometer.

I might now mention the Application of a Lattice of fine
Hairs in the Focus of the Objet-Glafs of a Telefcope, as
an help to draw diftanc Objects in Perfpeétive: And of ap-
plying there a pretty contrived Parallelogram for the fame
purpofe. Buc the firft is obvious enough by the leaft inti-
wnation thereof ; and the latter is fo amply delcribed by Pere
Cherubin dOrleans in his Dioptrique Oculaire ; that 'tis needleds
to add any thing farther in this place. :

I conclude this Chapter with a brief hint of what I have
found very commodious for many purpofes; that is; inftead
of the forementioned crofs-Hairs, I have often ufed a curious
piece of clear, thin, flat Glafs, whereon there are drawn two
very fine crofs-Lines by the curious Point of a Diamond,
fmaller than the moft fine Wyre or Hair ; not eafily difturbed
by a fleight Touch (unles we break the Glafs), nor alter-
able by Hear and Cold: Thus alfo may we make a Lattice.
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G godspan VI

Of the Invention,” Difcoveries made by, and other

Applications, of Optick-Glafles.

(1.) Optick- G.*.:}]cs unknown to the Ancients. (2.) Pretended

(1)

Matter: Their moft learned and inquifitive Philnfuphcrs make- Aecims
ing no mention, or the lealt hint thereof, in their Writings.

Paffage m Plautus,  ( E.] An other Paffage in Pliny.
(4.) Probably invented about 1300. . (5.) Friar Bacon's
Pretence.  (6.) Inventers of the Telefcope. (7.). Optick-
(_ﬂ’aﬂ'ﬁ long known before the Telefcope. Remark thereon.
(8.) Cdfﬂmi Difcoveries by the Telefcope.  (9.) In the ﬁxr
Stars. (10.) In Saturn. Examinatim of Gallets H

thefis. (v1,) In Jupiter. : Motion of bis Satellits diligently
profecuted by Caffini and Flamfteed. = Satellits all d ap-
pearing.  (12.) G{rﬂfﬂmu on  the Mbtions af Saturn’s and
Jupiter's Satellits..  (13.) In Mars.  (14.) Jn the Sun.
(15.) In Venus and Mercury, Hence the Falfity of the
Prolemaick Hypothefss.  (16,) Inthe Moon. (17,) Pla-
nets whether inbabited,  (18.) Telefcopes Ufe on Earth.
(19.) Wfes of the G!{ﬂmf’ﬂ{ﬁuwms of the ﬁfgfcape (20.) Mi-
crofcopick Difcoveries and Writers. (21.) Viewing nigh 0b-
jeéts with a Telefcope,  Ufe thereof in Miniature- Painti ng.
(22.) Meafurmg Diftances at one Station by the Telefcope.

Hart the Ancients had no I\nomlfdﬂ of Optick- Gf;;j]r:
15 moft evident from their univ Erﬂﬂ {ilence 1n thla

o

And doubtlels a Contrivance of that univerfal Ulfe, bench-
cial to all old Men, both in Rcadmg and \‘.:mnw could’
never have been fo concealed, as that not the leaft ;omﬁtp
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thereof fhould remain to Poftericy. The only Reliefs they
had for their decayed Sights were certain Collyria or Eye-Salves ;
and when thele fail'd them, they were lefc almoft in the dark
for minute and clofe Objecls.

We hear indeed mjghty Stories of Archimedes burning the
Ships of Marcellus, at a great diftance from the Walls of
Syracufe. Buc whether the Matter of Fadt be true or falfe
(as I'am very inclinable to belieVe it falfe),” yec there 'is no
miéiition ‘of bis performing this/ admirable’ Effe@ by Oprick-
Gliffes. “Perhaps, if chere' were any fuch thing done at all ;
it was performed by Concave Speculioms: 'And no one_denies
the Ancients the knowledg of Catoptricks.  For Archimedss him-
felf vwrit a Book (as 'tis faid)" De Speculis Uftoriis Parabolicis ;
biit it “has'never yet feen the Light. :

And yer thére are in'the World a fort of Men, (o de-
voted' to the paft Ages; that they will not allow any Im.-
provemeiits of Arts in-the médern Generation, unknown to
ehe Ages fome Centuries before us.  Of this Clafs was he,
(whoever he Was) thar, rather than the Ancients fhould be
ignorant ‘'of ﬂprirk-Gt‘ajfés, would forge 2 Pa[ﬁgc in Plautus
(which really 'is not at all to be found in him), for Confir-
mation of his Opinion.

(2.) Pancirollus (who furely was too candid 2 Perfon to
be the firft Author of this Fiétion) in the Second Book De
Rebus Inventis, Tit. v5. quotes this Paflage from Plautus, Cedo
Vitrum, neceffe ¢ft Confpicilio wti: Which, fays he, cannot pof-
fibly be meant of any other thing but of the Glafles which
we call Spetfacles,  And his Commentator Salmuth takes fome
pains to cite Chriffianus Becmannus (1 fuppofe in his Oratio dz
Barbarie ‘< Superflitione fuperiorum Temporum) for clearing this
Paffage of Plantus: But yer he is o hard prefled with it, that
By no Aut, but by main ftrength he breaks through it, and
fays, That notwithftanding that Paffage, yet certanly Optick-
Glaffes ate a modern. Tnvention, : Whereas
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Whereas, had he been awate, that that Quotacion from P47
Plautus is 2. mere Fiction ; and that no fuch Paflage can bertors
found in all his Writings ; "he might cafily have avoided ¥
irs Force, wichoue all that ftir. For fo we fhall find it 2n-
fwered in che Lettere Memorabili del Abbate Michele Ginfliani
Parte Terza, Let. 16,

(3.) Another place cited for the Antiquity of Optick-Glaffes, ragice in
is that of Play, Lib. 7. Cap.53. Hift. Nat. wherein we find "
the word Specillim. To this Paflige we have this Anfive
in the forementioned Lettets of Ginftiani ; that Specillum can-
not poffibly be here meant of a Speétacle-Glafs, feeing we find
the Ex?teﬂion, Inungit Specillum ; which, f;l}'s hE, cannoc be
underftood of Speffacles, which' we rather wipe and cleanfe,
than amoine and greafe.  But this Conftruction of the Learned
Authors is much forced and wmiatural: For the plain fenfe of
thar Paffage in Pliny is this. Pliny in thac Chaprer is giving
Inftances of the fudden Deaths of many Men ; and telling how
they were feized, whilft they were doing /o or /5, and wholly
thoughtlefs of that faral moment. Amongft many other
Examples, he has this;  Super omnes C. Julins Medicus dum in- specitiom
wngit, Specillum per Oculum trabens,  ‘The meaning whereof 257"
is no more, than that the Plyfician C. Julius was on a fudden Preée.
Jeized by Death, whilft be was applying an Wnguent to.bis Pa-
tionts Eye, and drawing bis Probe (called Specillum) through it.
Whereas, to joyn inungit and Specillum, 1poils the Gramma-
tical Senfe of the whole, and renders it unmielligible,

“Tis evident cherefore, that from neicher of thefe Paffages opict-
can we draw any Argument for the dutiquity of Optick-Glaffes. e

(4.) Wherefore [eeing we muft neceflarily allow  chis Tn. o<
vention due to the Modern Age of the World; our next En- s3ce.
quiry {hall be, Where firft to fix ir.  Bur herein we (hall find

|

bur faint Tracess to dursct us,

Monl: Menaze,
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_ Monfenr Menage a learned and ingenious French-man, in

PleniRe . s Origini della Lingna Italiana, Geneve, 1685, commenting on

' the Word Occhiali del Galilei, difcourfes there of the Time of

the invention of Spefacles : And after relating the known

Story of Frier Jordan, (of which more anon) he has this no-

table Paffage; That  Monfiesr du Cange had told the Authot

= ( Monfienr Menage) of a Greek Poem, the Manulcript where-

of is now in the French Kings Library, wherein the Poer,

who lived 4n. 1150, Jefting on the Phy_h}cims of thofe Times,

fays of them to this Purport in French, Qu'ils tatent le Poux,

< gu'ils Regardent les Excremens du Malade aver une Verre. That

they obferve the Excrements of their Patients with a Glafs, But

Monl. Menage is of Opinion, that this was a Tranfparent Glaf,

whelm'd over the Veflel , more for the Relicf of their Nole

againft the Stench, than of their Eyes,

" But however we may doubt of Spectacles being {o ancient

as 1150. We may be ccrrain that about the Thirteenth

Century , they were commonly kaown and ufed. For

( befide what we fhall fay hercafter of our”Country-man

Frier Bacon ) the moft learned Monl. Spon in his Recherches

Curieufes D’ Antiquité, Differt. 16. inferts a Lerter of Signior

Redi to Paulus Falconerius, concerning the Time when Spefta-

cles were invented ; and this he fixes between 1280 and 1311,

from the Teltimony of 2 Manulfcript Chronicle in Latin, in the

Library of the Friers Preachers of St. Katherme at Pifa, Fol. 16.

winee  Wherein ’tis faid, thac Frater Alexander de Spina, Vir modeftus

precenfe. ¢o bonus, quacungue vidit aut andivit faéla, [eivit & facere. Ocu-

laria ab aliguo primo fafta, ¢ communicare molente , ipfe fecit &~

communicavit corde hilari & wolente. And this Alexander de Spina
was a Native of Pifa, and dyed there, 4n. 1313.

HArm ber

autboriey  Signior Redi hasin his Library a Manulcript written 4. 1299.
Di Governo della Famiglia de Scandro di Pipozzo. In which there
is this Paflage; Mi truovo cofs Gravefo di Anni che non arei Va-

1 lenza
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tenza Di Leogere ¢ Scrivere fenza Vetri appellati Okiali, Truovari
novellamente per Commodita delli Pouveri Veki, quando affebolano del
Pedere. Thusin Eoglith, I find my [elf fo pre[fed by Aze, that I can
neither read or write without thofe Glaffes they call Spectacles, lately
invented, to the great Advantage :f poor Old Men, when their Sight
grows weak.

The Italian Dictionary, de la Crufca, on the Word Occhiale, ¢
at Pifa, Ar. 1311. in 2 Book of Sermons which he writ
An. 1305. tells his Auditory in one of them, that it is not
Twenty Years fince the Arc of making Spefacles was found
out, and is indeed one of the beft and moft neceffary Inven-
tions n the World. .

About the fame time vix. 1305, Bernard Gordon 2 famous Gorden,
Phyfician of Montpelier, in his Lilium Medicine, thus com-
mends a cercain Eye-Salve : Et eft tante Virtatis, quod decrepitum

faceret legere Literas minatas abfque Ocularibus,  And An. 1363.
Guido de Chanliac, in his Book enticuled Grand Chirargery, after ciuuisa

propofing feveral Gollyria, faith; If thefe or the like will noe
do, you muft make ufe of Speftaclbs.

From all which we may be pretry certain, That Specfacles
were well known in the 13th. Century, and not much be-
fore. But who the Happy Man was, that firft hitt upon this
lucky Thought, may yer be queltioned. “Tis true indeed, it
we credic the forementioned Chronicle of the Convene at
Pifa, Frier Spina makes as fair a Challenge to the Invention,
as the firlt Author, who refufed to commmicate ic. Bue I
am apt to believe, That, whoever this clofe Man was thae
would not impart to Spima, He was a Frier; and thac thele
Monkifh Men, and Jordan amongft the reft, had this Inven-
tion' whifpered amongft themlfelves, before it was publick ;
and chat they all had che Firft Hin¢ thereof from' our Coun:
try-Man- Frier Roger Bacon.

(.5)

rier Jore

makes this remark, That Frier fordan de Rivalto, who dyed dn* 4w
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(5 ) That this learned Frier. Bacon who, dyed A1 12924

T and Iyes buryed at Oxford) did perfectly well underftand all

forts of Optick-Glaffes, {hall be plainly made out, from che
natural and eafie fenfe of his own Words, in his Book of
Perfpetiive : Whereby we fhall find, that hie not only un-
derltood the Effects of {ingle Convex and Concave-Glaffes; but
knew likewife the way of cmbining them, fo as to compofe
fome fuch Inftrument as our Telefcope. This_ perhaps will
be looked upon as a Great Paradox, and as great Partiality in

an Englifh. Author to his Country-Man ; efpecially confider-

ing, how univerfally the contrary has prevail'd ; the Vores of
moft learned Men having conferr'd the Honor of this Inven-
tion on other Pretenders. Bucif, from the unconflrain'd Words
o f bis Books, ‘we Pgainl_y make out this Aflertion, I hope the
Attempt may not be counted urreafonable or partial.

And Firft in his Book of Per/peétive Pare 1IL, Diff 2. C. 3,
he has chele Words 5 Si vero Corpora non funt plana ( having
wreated of them before) per gue Vifus videt, fed [pherica; tunc
¢ft magna Diverfitas, nam vel Concavitas Corporss eft verfus g
¢l Convexitas, ¢&¢. By which ‘tis manifelt, he knew what
a Concave and Convex-Glafs was. - Moreover, in the fame Place
Dif. nlt. he proceeds thus; De Vifime frafla majora ﬁmr, nam
de fm‘iﬁ patet, maxima Paﬂ'e apparere minima, < € contra; o
longé diftantia widebuntur propmquifimé, & ¢ converfo: Sic etiam

i
faceremus Solem & Lunam <g: Stellas defcendere fecundum: Apparen-

tiam hic inferins,&c, Thus in Englifh, Greater Wonders than all

thefe are performed by refracted Fifim 5 For thereby, ’tis eafily made

appear, that the Greateft {Jf;jq&" may be repre{mrfd asvery little, and
contrarily 5 nd [o likewife, the moft diftant Objects, as juft at hand,
-and. .contrarily. -« Fereby alfo may. swe bring the Sun and Moon and
Stars down, bere below in Appéarance, &¢.  This, 1 think, 15 fo
exprefls in the Poine, that itleaves no room to. doube; but
rhat he had fome admirable Secrer in Oprick Glafles, « Add
to
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to this what he has in his Epiftle ad Parifinfem, of the
Secrets of Art and Nature, Cap. §. Poffunt etiam [ic fiyurari
Perfpicua, wt longifimé pofita appareant propmquiffima, & ¢ contra-
rio 5 Ita quod ex incredibili Diftantia legeremus literas minutiffi-
mas, & numeraremus Res quantumeunque parvas, < flellss face-
vemus apparere quo vellemus.  Glaffes or Diaphanous Bodies,
fays he, may be fo formed, that the moft remote Objects may ap-
pear as-juft_at band , and contrarily ; %So that we may read the
fmalleft Letters at an ncredible Diftance, and may number things
though never fo fmall ; “and may make the Stars appear as near as

we pleafe.

Psnc{ that thefe Things may not leem ncredible of this Great
Man ; who, in that dark, ignorant Age could be mafter of
thefe admirable Inventions; I fhall refer the Reader, for a
more compleat Account of him, to dnt. a Weod Hift. & An-
tiquit. Univerfit. Oxonienfis, Lib. 1. Pag. 136. and to Dr. Plorr's
Nat. Hift. of Oxfordfbire, Cap. 9.Sect. 2, 3, @e. and Sect. 39,

40, 41. Where we may find, how he was perfecuced by che,

ignorant malicious Friers of his Order, as praétifing Magick
and Necromaney : for which they caft him into Prilon, and
there decain'd him for a long time, fome fay to his Death,
in the 78th, Year of his Age. There we {hall find, how he
was the fuft Promoter of the Emendation of the Calendar.
compleated afterwards in the Time of Pope Gregory II,

But above all, his Pretenfe to the fitft Invention of Gunpowder picon ss.
feems as well founded, as poffible;, on this Paflage in his E- &0

=

piftola ad Parifienfem, Cap. 6. (a Hundred years before Barthold. e

Swartz, lived ) In omnem Diftantiam quam volumus , pofJumus
artificialiter componere Irnem combsurentemy ex fale Petre & Aliis ;
( Thefe Alia, in another Manulcript Copy, are, Sulfur &
Carbomum Paulwis ) And foon after he adds, Preter hec (ie.
Combuftionem ) funt alia flupenda Nature, nam foni velur To-
witrus <> Corufcationes poffunt fieri in dere, imo majore Horrore

: gieam
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quam illa que funt per Naturam : Nam niodica materia adapta, [e. ad
'Q\ae'm:rimtem unius Pollicis, fonum facit borribilem, ¢ Cm':ﬁatfmiﬂm
oftendit violentem, & boc fit multis modis, quibus Civitas aut” Ex-
ercitus defraatur. : Igne exfliente cum Fragore wneftimabili.  Mira
hac [unt, fi quis [ciret utty in debita Quantitate & Materia, - By
which laft Pallage we may guefs, he had not the way of ap-

lying it to a Gun; though 'tis manifelt, he was fenfible
that fome fuch Ufe mightbe made of it.  Bur the particular
Manner did not offer it felFto him ac firlk.

I Confefs, [ have nor by me at this time the Originals,
from whence thefe Paflages are quored ; the prefent Diftradi-
ons. of our miferable Country having' feparated me and my
Books; and the Place, where I am, affords not the Copies :
Therefore, if in thefe Quotations I am any wife.miftaken’, I
muft not be blamed, acknowledging that [ have them af' fecond
hand from the forenamed Authors.

But to return’to our Optick-Glaffes. ~ Tis-evident that Bacon

“was acquainted with them; and probably knew how to ad-

apt them in a Telefcope. But the long and clofe Imprifonment
he fufferd before his Death - (for tis faid no one was per-
mitted to fpeak to him; and chat all his Writings, Books and
Inftruments were feized and burnt; except only thofe few
Fragmenes of his which we have faved accidentally ). was the
Reafon, that we have no farther Advancements of his i chis
kind transmicred to Poftericy. Bur 'tis very probable that the
ufe of fingle Glaffes in Spetacles, as being an lnvention of
immediate Advantage to Human Life, and in ic felf very eafic

and fimple , might thercfore be prefently catched at by the -

World, and put into ‘Practice: Whilft his other more curi-
ous Combinations of Glaffes might be loft and forgor.
And this I am the more inclinable to believe ; Firft, becaufe
Frier Bacon's Time agrees’ fo well with Frier Jordan's foreci-
ted Teftimony An v305. That it was not' then twency
}-’Eﬂfﬁ
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years fince the Invention of Spectacles: And ﬁ:wndl}, becaufe
we find this fort of Monkifh Men ficft take notice of the In-
vention, before all other Men ; which (liews, they had ic
delivered amongft themfelves nn]v for a ‘while before others.

(6.) And thus much cong erning Frier Bacon's Pretenfe. Buc -

that | may not feem altogether- partial, I fhall here add che

Opinions of others, concerning Other Inwentors of the Telefcope. ¥5

lefcope.

For I find no other Pretenders to ‘the Invention of fingle
Convex and Concave Glaﬂcs, buec the forenamed, Borellus h as
written a {mall Tract purpc)ikl}f on this Subjeét, De wero Tele-
Jeopii Inventore: Wherein, Cap. 12. he feems to give the In-
vention to Zavharias foannides of Middleburg in Zeland , M. Z
1590. Another Candidate for this thCD‘Lt'I‘}, he name:]aa
bannes Lipperboy, or La Prey, An. 1609. A Dutchman alfo,
whom Swrturus calls Lipperfem.  Adrianus Metins Mathematick ™
Profeflor at Franequer fays, his Brother Jacobus, Metins of Alk-)
maer was certainly the firft Inventor of the ﬂfaffﬂpe. And if
we believe the Italians, swe {hall have the Honour of i mvcntmg
this Inftrument conferr'd on the incomparable Galileo. But he
himfelf in his Nuicins fidereus contefles, that the firlt Intima-
tion he received of this Inftrument, was, that a Putchman had
then lately made one ; which fec him ( Galileo ) nimn the
thought how to effect it ; which, he fays, he {uccefstul ["v dif-
coverd by the conl:di.m:mn of Refrattin, and found thac
Concave and a Convex Glafs rmhtl}’ adapted would perform
what he only heard in general of the Dutch Invention.

But certainly. the firlt Publick notice of this Congrivance
came from fome of the forementioned Dutchmen ( for Fraer
Bacon's Hint mentions not the pammlal Combination of m;-
Glafles) .and cherefore the Inftrument is defervedly called T
Though we muft confefs at the (e time, that
did fuft apply

and had then

bus Batduus. g
Galileay An. 1610. ( fee his Nuucius fiderens )
this curious Inftrament to Celeftial Obfervations;
Lla

Tarias
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made fiich wonderful Difeoveries in the Heavens thereby, ‘that

all his Philofophick Stlmcﬂars have ever fince attempted to
1+ climb higher , by lengthening their Ladders, and advancing
this Inftrument by many Degrees. . However I muft not
here coneeal the Pretenfe of Baprifta Porta, who, in his Magia
Naturalis, Lib. 17. Cap.1o. Printed 4n. 1589. has thele Wﬂrﬂ[:is,
Si sitramque ( Lentem fc, Concavam &~ Convexam) recté componere
noveris, < longingua < proxima, majora < clara videbis,  Bue
Portda’s Charaéter is o well known, that we may eafily ima-
gine, -hie had gor this Hinc from Holland. '

Francifeus Fontana a. Neapolitan, in his Obfervationes celeftium
terreftrinmque rerum, -contends that he himfelf 4. 1608. firft in-
vented the Telefcope, compofed of a Convex 0bjeét Glafs and Con-
wex Eye-Glafs: For the Twbus Batavus, and Galileos Tube was
furnifh'd with a ConcaveEye-Glafs ; and Fontana confefles, it
was before his; and ‘that 4n. 1618, he frlt invented the dou-
ble Microfcope. Rbeita in his Oculus Endch ¢~ Elie, Lib. 4.

towards the end, pretends to be the . firft Difcoverer of the:.

erecting Telefcope of three Convex Eye Glaffes, - as alfo of che
Telefeope for looking with both Eyes, called Telefcopium binocu-

lum : Of which lateer, Cherubin has writ his whole Volume,

La Vifum parfait, e

(1) 9 (7.) Thuswe fee, how long the Ule of fingle Optick Glaf-
{es was common in the World (even about 300 years) be-

fore Men rightly underftood their due Application, in the

in their hands, they look'd through them, now a Convex,
then a Concave, and admired their Effects, and che *Help
they gave to diforder'd Eyes: buc ftill- were ignoranc of the
valt Advanrage the moft acute Eye mighe receive by them,
“even to the Increale of its Power, fome Thoufands of Degrees
‘beyond its natural Abilities.  This was relerved for lome lucky

Chance in a future.Age, to be difcovered by him that {hould
firft

fil
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firft be fo fortunate, as to adape thefe Glaffes ac their due
Diftance : for rto fome fuch happy Hict, I imagine the Inven-
tion is due ; and not to any profound Thoughe on the na-
ture and properties of Gl:tﬂ%s, that firft ii]ggcﬁcd the Contri-
vance to the Dutch Mechanick, that was.its Author,

And this does naturally fuggelt a Thoughe to us, of fome
incoucagements in natural Enguirics, h)‘ the mechod c:n'r‘L-xPL-_
rimental Philofophy ; that perhaps we are every day ingaged a-
mcng!’c fome particular Things, which we commonly fee, han-
dle, ule, and are conyerfant wich; and which have -in them
fogne latene, hidden Properties, which, upon a right Application,
(to be dilcovered perhaps by fome lucky Hice ) may be of the
moft ufeful and furprifing Effelts. And chat therefore, we
{hould net delpair of making the greateft Dilcoveries about e-
ven the meaneft Things. Who could expect to fee fuch Wonders
from an eafic Compoficion of three fuch plain, fimple Bodies,
Niter, Sulfur, and Charcole, as we daily fee from Gunpowder >
And the Property of the Magnet's drawing Iron was common-
ly known many generarions, before it was fo happily apply-
ed o guiding a Ship : Who could have thoughe , by looking
upon that dark unpromifing ftone, thac future Ages (hould ufe

Remarl:
I remm,
Tieso
Difceve-
rieEs nok
immedi-
ately
kngwn,

it to fuch a ftupendous and advantageous a Purpofe, far ex-

ceeding the Virtues of the molt illuftrious Gemms : Hence may
we learn, not to delpife the Products of Nature, even of the
meanelt Appearance. And let us not fay, that any Dilcovery
is ufelefs, lince we know nor what Time and Pofterity may
produce h‘up*x the _ﬁ:nglfﬂ I'tuth.  And this naturally leads
me to the dilcoveries made by Optick Glafles,

(8.) Galrleo (asis noted before

firlt, was lwprized and ftruck wich wonder, to fee fonr little
Moons dancing rouynd Jupiter, that from cheir firlt Crearion
to

is delervedly reputed the
firf€ that railed vp this Giganuck Inftrument, that venures to
climb Heaven and from thence brings down the Stars.  He s




[ 262 ]

to the lucky Moment when he firlt difcovered them,  had
never ftruck the eye of any mortal Inhabitant of chis Globe.
Were thefe then made for the Ufe of poor Man, from whole
Knowledg they were concealed for 5000,years together 2 Vain
Man! that thus prefumies to confine the Defigns of the Almigh-
ty Creator to miferable Duft and Afhes; when his infinite Power
can make Millions of ftelligent Beings, and all intelligent af-
cer different ways, to ferve and praife him: And chele perhaps

ufe of A0 initely extended beyond thefe. "Tis srue indeed, now thele
Mare Jitele Planets are difcovered, we have happily applyed themato
an advantageous purpofe” (as fhall be thew'd hereafter) Bue
this we are to efteem as a particular Benefic of Providence to
thele latter‘Generations ; and refpeéts not all the general Race
of Mankind, that lived and were bufie for o000 years together ;
and knew nothing of them. But in this {tupendous Enquiry
I ftop, as not being able to reach it with the longeft Tele/cope.
To keep therefore to our Subject : I {hall take the Hea-
vens in order, as they lic ; confidering fieft the uppermoff, and
{o defcend dowwn to our Earch, and {hall briefly declare che Dif-

whom and when ; with farcher References to thofe Authors

where each particular may be found more fully created of.
o) s rbe (9.) And Firft, forthe Fixt Stats : That whiti(h Band or
"HTT Zone, the Galaxia or milky Way, that {o irregularly incom-
pafles a great [copein the Heavens, and of which the Ancients
could give no tolerable Account, is found by the Telefcope
to be no other, than an heap of very minute Stars thickly fet
together ; which, by their great Diftance, Smalnefs and Clole-
nefs, appear. to the naked Eye, as one united whitith Cioud.
+In like manner, the Nebulofa Orionis, Prefepe Cancri, &e. are
found to be a Congeries of fmall Stars clofely fec rogether,
buc eafily diftinguithable by the Telgfcope.  The Plerades or
Jeven

wr_are the Inhabjtants of thefe diffant Worlds, and of chole agamn,
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feven Stars (tho (carce mote than fix appear) are found Ly
an ordinary Glafs to be nigh forty.  And in the fingle Con.-
(tellacion of Orion, the Telélcope difcovers more Stars ehan che
naked Eye can number ifi all the Heavens. On this Accoun

the Seed of Abrabam, that was to be made numerons as che Stars
in the Firmament, may yet (for aught we know ) admic of
Propagations through many future Generations, before it comes
up to 1s Limics, And the !mmber, which Archimedes demon-
ftrated greater than that of the Grains of Sand tompofing this
Globe of Earth, may perhaps fall fhort of the Stars in the
Heavens : For hardly any Corner of the Firmament (0 dark ;
But the Telefcope, turn'd towards it, defcries Malttudes of
glittering Spangles therein,

(1o0.) From the fixt Stars let us contraét our Profpect, and
in a vaft, long, and almoft immenfe Courfe homewards, we ™"

firlt meec with Sawrz. - By his (low Motion he takes State np-
on him, as carrying about him fomething more weighty than
ordinary. - But the fhort fight percieves nothing thereof, and
fees only a plain round Globe, as the reft of the Chorus dan-
cing round the Sun. All'his Equipage and Attendants are hid
from our View, " till furveyed more clofely by the Telelcope
And then behold a mighty Ring parallel to the Equator ,
bright as the Planers own Face, encompalffing round his Bo-
dy; very thin, and ‘feparated .in all Appearance on all fides
from his Globe : fometimes appearing broader, fometimes nar-
rower, and fometimes almolt vanithing ; then again recurn-
ing by a regular Period, and refuming by Degrees its former
Shape; whichagain by degrees it looles according to his own
Peiodical Motion.  But thisis not all his Equipage, for be-
fides this Throne of Light, this Majeftick Planeeis conftancly
arcended by a Guard of five Satellits, that follow his Morion
and dance rquad him contintally in a Circle.

{zalila:
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we {hall ind Mon(. Caffini's Tables of the Motions of all Saturns
Satellites, rogether with cheir diftances from Saturn correfpon.
dent to their Periodical Times: Of which miore hereafter.

The other four Satellites were all dilcovered by Monf. Caf- 07

fmiin the Order following, - The third and fifch were firfk feen r.cs oo

by him, 4 1671, 72 and 73. by a 17 Foot Glafs of Campani, >
and 36 Foot Glafs of Diviur, and by fuich another of Borells.

An Account whereof may be feen at large in Num. 91. of the
@hilofoph. Tranfaét. But the innermoft or firft, and the fecond
wete not feen by him till the year 1684. ac which time, ha-
ving procured Glafles of an extraordinary Icngth, as 8o, 100,

150 and 200 Feer; the *_vafl- diftance and [{malnefs of tchele
Planets could no longer conceal them from his fighe. 7id.
Philofoph. Tranfalf. Num. 181.

Thelaft ching I {hall take notice of relating to chis Planet, is, £xam
That Monl. Gallet, Provoft of S, Symphorianat Avignon,in the year &, &
1684. has advanced an Hypothefis tor folving its Appearances ; Forerie-
which, asit relates to the Telelcope, may ptoperly be herecon-
fidered. If{hall therefore briefly propole (ome of the chief diffi-
culties, that feem to actend this Theory : And that I may not
be prolix, I fhall fuppofe the Reader acquainted with what
Monl. Gallet lays down in the Journal des Scavans, An. 1684,

May 15. & June 12. and in Latin in the 4fta Lipfie, An. 1684,
Septemb. Pag. 431.

Firlt theretore, he fuppoles Saturn and che other Planets,
except the Moon, polite Globes, reflecting the Image of. the
Sun as a Conwvex Speculum.  Which feems not acall to be
founded on more than mere Conjeéture: For we have no Rea-
fon to think them different in this particular from the Moon ;
which is found of a rugged uneven Surface,

Buc fecondly, grantung thatr they (and efpecially Satwim )
may be polité Spheres, (for we will not confine the infinite Va-
ricty of the Creation;) and granting that Saturn. refleéts two

M m lorts
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forts of Liche ; one whereby his whole Body becomes vifible ;
and the other the bright Image of the Sun from his Convex
Surface; as we fee a Convex Speculum is it felf vifible, by the
Rays it refleéts diforderly from its whole Surface ; ( which
fo far partakes of a licle Roughnels ) and at the fame time
refleéts a bright and orderly Image of the Sun, from onecer-
tain part’ of this Surface to the Eye rightly pofited : Yet this
bright Image of the Sun,  which is reflected from Saturn,

(how far foever Saturn be removed) can never be projected .

by an Obje&-Glafs, in its diftinct Bafe, ¢reater than the Pro-
jection of the whole Body of Satwrn in the fame diftin&
Bale. Andyet (if I miftake not). this is the Foundation of
Monl. Gallet’s Theory. This is fo evident to any one the
leaft verfed in Dioptricks and Catoptricks , that tis needlefs to
infilt upon it any longer. We may make a convincing Expe-
riment hereof : Expofe a reflecting Convex-Speculum befgjc
the Sun, and by a Convex-Glafs projet the Image of chis
Speculum on a Paper in a dark Room : we f{hall chere fee
the Reprefentation of the Speculum it felf, and of the brigh 1-
mage of ‘the’Sun ‘on the ‘Speculum. - And indeed by the leaft
Confideration of the matter, it will be evidentto us, thar ‘tis
impoffible ic fhould be otherwife: For the litcle Image of the
Sun, refleéted from the Convex Speculum, poffefles but a ve-

ry fmall part of the Speculum’s Surface 5 and therefore cannot |

poflibly be projected, by the Object-Glafs in its diftinét Bafe,
greater” than the Projection of the Convex Speculum idfelf.
"The fame may we conceive of Satnrn, by fuppofing him a
Convex, polite, reflecting Speculum ; for thongh he fhould
then, belides ‘the Figure of his own Body, reflect the bright
Image of the Sun, from a fmall part of his Spherick Surface
on the Objet-Glafs ; yet the Object-Glafs could never project,
in its'diftinét Bafe, the Repreflentation of this Image of che
Sun greater than the Reprefentation of the whole Body of

- Saturn,
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Saturn. And, notwithftanding the Evidence hereof, Mon(, Gal-
let affirms, the Appearance of Satwrns Ring or Mnfie proceed to
from hence ; chat che Obje&-Glals projects, in s diffin& Bafe,
the reprelentation of the bright Image of the Sun, refle@ed
from Saturn's Convex polite Surface, greater than (or clearly with-
out) the Reprelencation of his Body itfelf,

Thirdly, Monf. Gallet afiirms, that the Reafon why Fupiter,
Mars, ¢re.  are not projected by an Obje&t-Glafs, in irs di-
ftint Bale, with a Ring or 4nfe, is becaufe thele Planets are
nearer to us than Satwrn: And therefore in the Projeftion of
Jupiter, the brighc Image of the Sun refle¢ted from its polite
Surface, is reprelented by the Object-Glafs in its diftin& Bafe,
equal to the Reprefentation of Fupiters whole Body; in the
Projection of Mars it is lefs, ¢ But the Diftance of thefe
Planets (evenofthe nigheft) is fo very grear; (and as it were
infinite )  in refpect of the fmall Breadth of an Object-Glafs ;
that in comparifon to this {mall breadch of an Obje&t-Glafs,
we can make no difference between the Diftance of Satwrn
and even Mercury.

Laftly, the Experiments, on which Monf. Gallet founds his
whole Hypotbefis, feems not at all to confirm, or in the leaft
wile to refpeét what he builds thereon. The Phanomenon
arifing from refle€ting the Sun-Beams by an Objeét-Glafs on
a Wall pofited obliguely, proceeds from the Object-Glals being
confiderd as a Concave Reflecting Speculum, having allo ano-
ther Surface either Plain or Convex béfides che Concave, (as
I have noted before, Chap. 4. Sec. 4. ) and yet he {uperftruts
hereon a Theory, for explaining the Appearances of Convex
Pelite Surfaces, fuch as he makes the Planets, This will be
manifeft by Tab. 40. Fig. 4. wherein, for eafe {ake, we take a Tuo Fa.
Plano-Convex Glafsa b ¢,and expolingits plain {ide a ¢ c oblique-
ly to the Suns Rays d ¢, de,d¢, fome of them fhall be reflected
by the plain Surface aec into ef, e fyef; but others of them

Mm 2 entring
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entring the Glafs run oniin ¢4, e, e, (we do not here con:
fider the Refraction they fuffer ) and fo falling on the Con-
cave Surface aidic (forfo Il call it) are refleéted by it, ac-
cording to the Laws of Spherick Catopericks : But the Reflecti-
ons of thefe immerged Rays I have not exprefled, for avoid-
ing Confufion in the Scheme. I acknowledge, the Phyfical
Caufe of this latter Reflection, from: the Surface of the Glafs

caibic, is perhaps not to be accounted for by Human Un-

ol

/

* derftanding ; buc the matter of Faét is cerrain.  One fhould

think, when the Rays are arrived at the extreme Points
i,45 1, of the hindmoft Surface of the Glafs, they fhould, wich-
cutany of them being reflected ac all, emerge from the Glafs :
But 'tis manifeft fome of them are refleffed, and that too, juft
in che fame manner, asif the Surface aibic were a Pollit:,
Opake, Concave Surface ; and not covered by the Surface
a e c. They that delire to enquire farcther into the natural Caufe
| hereof, may confult Grimaldi Phyfico-Mathefis de Lumine & Co-
| loribus, Bonon. 1665. 4.

’ Tis then by the Reflection from this Concave Sutface aibiec,

( gif—'r: me leave fotocallic ) thac the fimilicude of Saturns Anfe
are reprelented in Gallets Experiment ; - and by the Reflection
from the Plain Surface aeec, that the Similitude of his Bod
is reprefented in the faid Experiment.  And how this can be
accommodated to the Reflection, which Satwrn himfelf makes
from his own Body, and to his Appearance through a Tele-
fcope , Iconfefs I cannot apprchcni Moreover Gallet's Hy-
pothefis gives no Account of the two dark Spaces on each fide
the Globs of Saturn, between his Body and the nfe.  For
the Experiment, on which he founds his Fancy, fhews no fuch
Diftin&tion; all being inlightened therein: As will be vifible
to thofe fhall try it.
“Twere too tedious in this Place to confider particularly
Monl. Gallet’s Scheme, and his Particslar Syftem. of Saturn ;
! which
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Job. Alfons Borellus has publifh'd a Tract.of the Theoricks of
thefe Medicea Sidera (fo named by Galileo in complement to

‘his greac Patron the Duke of Tufcany) Theorice Mediceorum fi-

derum, Florent. 1666. 4°. But none have laboured more to
reduce the Obfervations of thefe lictle Planets to fomething of
Ule and Advantage to the World, than the two celebrated A-
ftronomers of the prefent Age, Caffini and Flam/leed: The for-
mer has taken great pains in Publifhing Hypotheles, Tables,
and Precepts for calculating their Appearances and Eclipfes,
( in his Ephemerides Mediceorum fiderum, 1668. Bonon.) in order
to fecling the Longitudes of Places to a grear Certainty.  And
the latcer finding the Numbers of Cafini’s Tables noc fo juft
to the prefent Time, from moft accurate Obfervations of his
own, taken by the Telefcope and Micrometer, has fixt new
Numbers, that agree about this time moft exactly to the Pheno-
wena; but wich che Liberty to himfelf of alcering thefe Num-
bers, as by future Obfervations he fhall find Occafion
For he is not {0 pofitive as to fay, that what he fettles (for 15
or 20 years) fhall be perpetual. What he has hicherto publifh-
ed of this kind may be found difperfed in the Philofoph. Tran/-
aft. wherein, he has given the World the Catalogues of thele
Satellits Eclipfes for {everal years confecutively. In Num. 154.
Pag. 404. he (hews their Ufes, and how (by their Help) the
difference of Longitude betwixt any two Places on Earth, where
they {hould be obferved, might be determined: And teaches a
Method of finding out, within what fpace on our Globe any
of them are obfervable. Thele Directions he repeats in La-
tin, Num. 165. Pag. 76o0. for the ufe of Forreiners. In Num.
177 & 178. with the Catalogue of Eclipfes for the year 1 686.
he deferibes a (mall Inftrument; and thews how by the help of i,
of the faid Catalogue, and of the Tables of fupiters Geocentrick
Places and Parallaxes, the Appearances of the Satellites at any
time in that year might be dilcovered, and delineated by Scal;
an
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and C{}Tﬁafs on PaEcr. But the Curiofities, which this ex
cellent Altronomer

ful Parc of Aftronomy, are very great and ingentous ; whicls
I hope, in time, he will impargto the World ; as with much
Freedom and Generolity, he now communicates them to his
private Friends : In the Number of which I am very proud
to reckon my felf.

Before I quit chis Article of the Satellites, I cannor omir S5
taking notice of an Oblervation, which, by mere Accident, I reev:

made {ome years ago, of a 7otal Difappearance of all the Sael-
lites. 1 had often atcended their Motions with a goed Tele-
fcope of 12 Foor; and often had them all fowr confpicuous
at a rime, very often three, frequently two, but never lefs than
one, and this but very rarely ; till 41, 1681, Novemb. 2. Hor.
10. p. m. Dublinis St. Vet. there was not one of them wifible ; Tupiter
there ftood by himfelf, in all Appearance; without his Guards ;
and a bold Lucian might have pull'd him from his Throne wich-
out Refiftance.  Some years after, I obtain'd from my learned
Friend M. Ff:l?;-l{h'r.f his Tables of the Motions of thele Satelli-

tes ; And the Poltures ot thefe Jovial Mogns, at that time,are found

by them to be as is expreffed in Tab, 40 Fig. 3. The firft, chird 74

and fourch were juf? in his Face;and were thereiore drown'd by his
Light, and the lecond was bebind his Body. The rarity of this
Appearance (at leaft to me) makes me note it fo particularly :
perhaps thofe chat are more frequently imploy'd in watching
their Motions may meet fometimes wich the like Conjunétions ;
but I believe 'tis very feldom. Hewelius, in his conftant Ac-
tendance on them, for more than a year and half, hit net
upont fuch an Appearance; as may be feen by the Hiftory of
his Oblervations ac the end of his Selenographia; Nor Cafin,
as is manifeft from his forementioned Ephemerides.

Befides thele four lictle Moons about Fupiter , the Telefcope i
difcovers other Remarkables even in his Body, As fuft: his ™

as yet unpublifhed, relating to this ufe-




[ 270 ]
Face is not all of a Colpur ; But there are in it brighter and
darker Parts; and thele are drawn athwart him, like broad
Zones or Belts almoft parallel ro the Ecliptick, as is expreffed

Tao. F3.10 P.'r:-"‘, ;..Tdb. 40. _

wpiters L he lalt thing that has been obferved in this Planet is a

ot Spot, firlt feen by our’ Ingenious Mr. Hook May 9. b. 9. p. m.

. 166%. By this Spot "tis manifelt, that Jupiter turns round his

vinte e OWR Axis 1n che {pace of lefs than 10 hours, or about ¢'. 56,

reatin A very ftrong Argument to prove, that our Earth may do fo

tenn  likewile; fince Fupiter,”who is fo confiderably bigger than the
Earth, has a Motion much more quick than ours in 24" Ke-
pler, upon the Reftauration of the Pythagorean or Copernican
Hypothefis, did conjeture, from the Motion of the Primary Pla-
nets about the Sun as their Centre, That the Sun moved about
its own Axis ; but could not evince it, till future Obfervations
by the Tele/cope dilcovered Spots in the Sun, and by them de-
monlftrated, that the Sun revolves on its own Axis, in 25+
days. upiter has four fecondary Planets moving round him,
and he himfeli in their Centre turns on his Axis: our Earth
has a fecundary Planet, the Moon, that moves round her once a
Month : is it not therefore highly probable, that the Earthalfo
revolves dinrnally on its Axis? For a farther account of this Spot
in Jupiter, 1 refer to the Philofoph. Tranfatt. N.1. P.3. N.4. P. 7.

. N.8.P.143: N.12.P.209. N. 15. P. 246. N. 82. P. 40739.

feionn  (12.) But before I leave Saturn and Jupiter, 1 cannor buc

the Mai- take notice of one admirable Property, for the Knowledge

ME o Sa- t
?.]{ whereof, we are beholden to the T Ell:‘:ﬁ:DFE'; and that is, the
sareilis; wonderful Agreement which is found in all the feveral Syftems
b orgr of our Vortex ; as well between the General Syffem of the Sun,
sebCeand Primary Planets with the particular Syffem of Saturn’s or
Fupiter's Planets, as between the particular Syftems themfelves,
in this fingle Propercy, That 'the Periodical Times of the Planets
Revolutions are in & lelquialtera Ratio of their Diftances from the

Centre

]
LLdrin.
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read more Divinity in M. Charlton's admirable Mifeum, on a
Box of beautiful Shells, of delicately painted Plants, curioufly
adorned Infects, Serpents, Birds, or Minerals ; than in large Vo-
lumes of Notional Writers. For Animals, Plants, and Mine-
rals do yield us abundant Inftances, which vifibly thew a De-
fign or End propofed ; which, as it cannot pollibly confift wich
Chance, fo neicher can it be apprehended to have been fo ab
aterno : For 'tis ablolutely unconceivable, that a thing defigned
for fome End or Purpofe, fhould not be fo defigned in time,
by fome defigning Being, But [ beg Pardon for this Digreffion,
in which I am thus ingaged before I was aware. To' return
therefore to our Subject,

(v3.) Mars offers himlelf next; who, trufting in his own
Strength, is attended by no Guards ; But the Prying Telefcope
difcovers in his Face Scars, Spots, and Ruggednefs ; as we may
find in the Philgfoph. Tranfalt. Num. 14. P. 239. &c. By thele
Spots the acute Caffini has determin’d, that he turns on his own
Axis once in 24" 40 tho others affign his Revolution per-
formed in juft half that time (a Miftake cafie enough) wid.
ibidem. The fiery Face of this Planet requires a very good Te-
lefcope to view him, and a fmall Aperture on the Object-Glals :
or elle this Glaring Lighc makes but a confufed Appearance.
But however futious his Beams are, he is beholden for them
(as all the reft of the Planets ) to the great Fountain of Light
and Heat the Sun.  For what the great diftance of Satwrn and fu-
piter, and their being fo much above the Sun (as I may fo
(peak ) ‘hinders us from fecing, wiz, their Increafe and Decreafe
in Light like our Moon, is very vifible in the Planet Mars ;
who, in his Quadratures with the Sun, and in his Perigeon,
may be feen almoft biffedted; but never cornigulaced or falcated
as the other Inferiours, 71d. Hevelii Selenograph. Cap. 4. P. 66.

(14.) Theglorious Sun doesnext prefent ; in whofe bright
Face, we canhardly expect to find dark Spots, yet fuch chere
are,

i
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Peninfulas and Continents ; other leffer Spots (almoft infinice
in number ) that refemble our Mountains, Hills and Vallies.
Of the greater Parts, thofe that are [omething obfenre, may we
reckon Seasand Lakes; and the brighter may we account Land.
For jult (o does our Earch appear, when, from a diftant Heighe
we [ook upon a Mixture DE Land and Water enlightened by
the Sun.  Of the fmaller Spots, thole that are brighteft and fhine,
are Mountains and Rocks; and the darker Parts, which are
ulually encompafled with thele brighter Verges, may we e-
fteem Fallies.

Now that fome Parts of the Moon are much higher than, M-
others, is as manifeft by the Telefcope, as that fome Parts of i Mo,
our Earch are higher Egan others. For if welook upon it a-
bout the Quarter-days, we {hall plainly fee the Edge, towards
the dark Part, broken and cra‘%gcd ; and many lictle brighe
Spots, that are clearly feparated from the reft of the enlightned
Parc. Which is anevident Proof that thele are the high Tops of
Eminencies, which receive the Suns Lighe, before che Pares fe-
low them are enlightned. Morcover the Moons Spots caft
their Shadows oppofite to the Sun, that is, to the Eaftward, whillk
the Moon is Increafing, and to the Weftward, on her Decreafe.

That thefe Mountains are very high, is manifeft from the
way of Meafuring them, delivered in Riccioli Almageft. v. Pag,
208.  And Tacquet Geom. Prac. Cap. 8. Prob. 2.

For the better diftinguifhing thefe Spots, and making them Nemes
more ufeful in the Obfervation of Lunar Eclipfes, there are /f fourr
names impoled on them by Authours: Heveliug affigns to them
the names of Places here on Earth : Grimaldus and Rucciolus give
to them the names of famous Mathematicians and Aftronomers.

By means of thefe Spots, Lunar Ecliples are now much &
more accurately obferved than formerly 5 to the grear Ad-J.
vancement of Geography and Navigation, in fetling the Lon- 7 ”

ojtudes
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For now the Immer{ions and Emerfions of

thefe Spots from the Shadow of the Earth are moft nicely de-

termined.

Moreover, by thefe Spots the Moon is difcovered to
have warions librating Motisns, from Eaft to Weff, and from
Weft to Eaft, allo from North to South, and from Soutb to
North. But hereof we cannotnow enlarge, wid. Bullialdi Aftrom,

Philolaic. Lib. 3. C

1. Lib. 4. Cap.

ap. 13. Hevelii Selenograph: Riccioli Almageft.
9. Neither is it needful to inlift on the Moons

Tranfits over, and Appulfes to, fixc Stars and Planets; which can
never be accurately obferved buc by the Telefcope. I cannot
tell whether it be worth our while to take notice in this Place,
that Monl. Ifadc Voffius has publifhed a fantaftical Conceit of
his own, for explicating the Appearance of the Moons Spots ;

in his Liber variarum Obfervationum.

(17.) And now perhaps we may be allowed to fic down,
and think awhile, whether all chefe Celeftial Bodies, chat
thus dance round our Sun, may not be inhabited. But this
Difquifiion has been already fo ingenioufly managed by fe-
veral, ( particularly by the Reverend Dr. Wilkins Bifhop of
Chefter, in his World in the Moon; and by Monl. Foutenel
his Plurality of Worlds ) that there is lictle left to be [aid on
the Subject. I fhall only add, that chere is nothing in Nature,
Morality or Religion, that contradicts the Apirmative of chis O-
pinion.  And 'us through a narrownefs of Thoughe that

fome men deny it.

They will not think on any other fort of

Creatures, than what we fee here on Earth; and prefently be-
gin to ask, how fhould Men poffibly live in Saturn’s cold Cli-
mates, or in the {corching Heat that afleéts Mercury.  But
{hall we chus confine the Great Creator to our poor Concep-
tions 2 Cannot he that has made a Man, a Whale, an Ele-
phant, a Fly, be able to create indefinite Variccies of Crea-

tures, and all endowed with different Faculties, and various

Ways
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Ways of Perception? Some adapted to one Planet, others to
others? And all thefe may be ingaged in different Ways of Life
and Thought; but {hould all be ingaged in Praifing and Ser-
ving him thac gave them all their Beings. . | i
(18.) Buc here I quic thefe remote Thoughts ; and from /)™
viewing the admimble Extent, Beauty, Order and Variety of it .
the Creation abroad, betake my felf bome to our own Globe, .
And here we f(hall not lay afide our Telefeope as ufelefs : We
may imploy it on various Occafions and divers Concerns of !
Human Life. The Merchant may#wich chis difcern afar his I
rich-laden Velflels, whofe Sides and Sails are {well'd, and look 1‘
big with imported Wealth, The Seaman may difcern his |
Friend or Foc. The wealthy Countryman may furvey his
diftant Herds, Plantations, and Labourers; and Generals may :
oblerve their wide-fpread Troops. But endlefs would it beto '
touch on all; the contriving Head will find icu/eful, and ad- |
apt it to his own particular Concerns on many Occalions, that |
cannot now be thought of. 18
(19.) And thus much {hall fuffice in {hort, concerning the 19) U/
Difcoveries made with the Telefeope,  And now I hope it will iefcopss
not be asked, Cui Bono? To what End are all chele Difco- 5.
yeries 2 What Advantage is there in them ¢ For, if the Advance-"
ment of Aftronomy have any good in ic; if the furnifhing us .
with a Contemplation from whence we may evince the Pow- |
er and Wifdem of an Almighty Creator be any Good ; If affording
an Opportunity of acmiring the vaft Extent, Order and Beau-
ty of the Creation be any Good 5 I am fure, hereby we reap
all thefe Goods in an ample manner.  Bue fuppoling that no-
thing of all thefe Advantages were at hand juft ac prefenc ,
let not the inquifitive Philofopher therefore defpond in his
Enquiries. = The confideration of the Magner (as I have nored
before) teaches us' whar Seerct Virtues may lurk in the fim-
plelt Things : And what admirable Ules Pofterity may raife
out

e



| [ 290 ]
out of them. The Torricellian Experiment was long apply’d only
to Difquifitions concerning a Facuum, before out incompara-
ble Philofopher the Honorable Mr. Boyle, one of the chief Glo-
ries of the Englifh Nation, difcovered its Uletulnefs in predict-
ing the Weather, by which s become one of the moft plea-
{anc Inftruments in the World.  Buc this [ (ay, not fo much
to encourage men in the Profecution of ufele/s Enquiries (for
doubtlefs he is beft imployed that can propofe the be2 Advan-
tages to Mankind from his Studies ) Buc to dilcourage fome
men from exclaiming againft all Labours as abfolutely nfe-
lefs , whofe immediate Ule they do not apprehend.

3

(2) of  (20.) And now that we are arrived at home, let us change

£he Micra-
feope.

our Inftrument, and take into our hands a Microfcope. And
indeed with this, our Contemplations may be endlefs ; all things
affording fuch admirable Appearances, fuch curious Contex-
ture of Parts, and fuch delicate vivid Colours; that the Con-

* trivance of the Almighty Creator is as vifible in the meaneft In-

Fontana.

‘Borellus.

Power.

Hook:

Earew.

fect or Plant, as in the greateft Leviathan or ftrongeft Oak.
“To touch upon all the Wonders this Inftrument {hews us,
would be infinite ; I (hall therefore only refer to thofe, who
have profecuted Enquiries therewith to great Exaétnels.
Francifcus Fontana i his Obfervationes Ceeleftium Terreftriumque
Rerum (wherein he challenges to himlelf the Invention of the
double Microfcope, An. 1618.) is the firft (that I can learn) who
publithed Microfcopical Obfervations of fome few Bodies. After
him Borellus at the end of his Traét, De vero Telefcopis Trventore,

An. 1650. does the lame.  Next a learned Englifbman Dr, Pow-

ery An. 1664. did the like. Buc all thefe went:no farther than,
verbal Defcription ; they want thofe curious and lively Schemes,
which the learned and ingenious Mr. Haok prelents to the

World in his Micrographia, An. 1665. a Book full of admi- -

rable Dilcoveries by the Microfcope, and other curious Enqui-
ries. The learned Dr. Grew, and the excellent Bononian Phi-
lolopher
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lofopher Marcel. Malpighius, have laboured moft (uccefsfully Matpight-
in the Auatomy of Plants by the Microfcope ; and the lacter has **
ufed it much in his Books, de Ovo incubato, de Bombyce, de V-

cerum flruitura, &e,  The Heer Lewenboeck of Delft in Hilland, vewenso.
has lately apply'd himfelf with great Diligence to the ufe of “*
Microfcopes : of which Inftrument he thinks he has a berrer

kind chan was ever yet known. ‘When I vifited this Gentle-

man act Delft, he fhew'd me feveral that indeed were very cu-
rious ; but nothing more than what I had ordinarily feen be-

fore ;_being compoled only of one fingle, very minute Glafs-
Sphere or Hemilg?mre, placed between two very thin pierced

Lamine , or Plates of Brafs, and the Objet was bronghe to
its due diftance before the Glafs by a fine Screw: But for his
beft fort, he beg’'d our Excufe in concealing them. The Ob-
fervations he has made with his Glaffes are Printed in (everal
Letters of hisin Dutch; bur for the moft ‘pare, they are to be
found difpers'd in the Philofopbical Tranfactions. ‘The laft Auchor

that has profefledly treated of Microfcopick Oblervations, is Joban.
Fran. Griendelins in his Mrm%mpbia nova Norimberg.1 687. where- Griendex-
in he has taken a greacdeal of pains in giving the gentiine Re- ™
prefentations of his Objects as magnify'd.

[ have been often delighted with the curious Appearance of S+

many Objects feen thmu%h the Microfcope.  Bur none ever };';'5_":::
furprifed me more , than che vifible Circulation of the Blood in Newrs.
Water:Newts ( Lacerta aquatica ) to be feen as plainly as Wa-

ter running in a River, and proportionably much more rapid.

Of this I have formerly given the Account ac large to the Roy-

al Society. And’tis publifh’d in che Philofophical Tranfact. Nums

177. P. 1216,

(21.) 1 fhall conclude all, with two remaining Ufes of =7
the Telefcope.  The fiult is, To view nigh Objetis therewuh.  The olen:
moft appofite Telefcope for our Purpofe, is that confifting of T .
a Corvex Objek-Glafs and Convex Eye-Glafs.  But what is deli-

_ Qo MBS vered
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may be made to appear full as bige as the natural Face, or

bigger if we pleale. And by this means, the leaft Errors of

the Painter may be eafily dilcovered , ywhich cannot be done
fo well by a fingle Convex-Glafs; as will be manifeft to thofe
who {hall ory and compare both Ways., And this naturally
leads me to the laft Ule of the Telefcope I {hall here meni-
on; and 'tis-as it were the Converfe of this T have juft {poke
of. 'Tis,

(22.) To Meafure the Diftance of an Object at one Station by
a Telefcope.

This is the great Defideratum in Praftical Geomerry; and al-
ways reputed mpoffible. Whatever Actempts have been made
towards it have been always found to refult at 1aff 0 a dow-
ble Station, tho fome way or ether difguifed by che Congri-
vance. This is Evidcntl)' {hewn by Tacquet ( Geom. Praét.
Lib. 1. ad Finem Cap. 5.) concerning the Method propofed by
Clavius. And may be {hewn of any other, thatI have ever
yet heard of. ;

. Towards the latter end of theyear 1665. (as we may find
Num. 7. P. 123. Philofoph.Tranfdt.) Monl. Auzout did propofe
to Mr. Huok, toexchange with him a Secret he had in Opticks,
for another which Mr, Flwk had, Monl. Auzout's was, Loco-
rum Diftantias ex unica ftatione,  abfque ullo Tnftrumento Mathe-
matico metiri. And therein he declares the Inftrument, he ules
for this Purpole, to be a great Tele/cope, with fome neceffary
Tables. Adding withal, - “Thac tho the Praftice do not al-
“ thEI:]‘IEl’ anlwer the Theory of his Invention, becaule that the
« Length of the Telelcope admits of fome Latitude; yet one
“ comes near enonugh, and perhaps as juit, as by moft of the
“ Ways ordinarily ufed witch Inftruments.  But tho Mr. Fook
difcovered the Secrer which Monl. Auzout defired from him,
(which is that I mention at the End of Chap: IV.) yet Monf. 4u-

zout never (that Tknow ) publifhed any thing farcher of this
B Ua 3 Invention

(22.)Mes.
_f'-lrnr; Dh=
Rances by
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Which laft Analogy is che Rule I give for finding the Di-
ftance of an Object by a Telefcope, thus exprefled in Words,

As the Difference between the Refpetive Focus and Solar
Foeus :
To the Solar Focus ::

So the Refpeétive Focus:
To the Diftance of the 0bjett from the Objeit-Glafs.

It now remains to f[hew how to obtain exadtly the three
ficlk Terms of this Analogy; That thereby we may find the
fourth requited. _ And fielt for the Solar Focal Length of an Ob-
je&-GIaE, ‘tis thewa beforgin Chap: 1V. Sec. 3." how to pro-
cure it exaétly. - Secendly for the Re/pective Focus, or diftin&
Balc of any nizh Obje&t we look at, I propofe the Way to
obtain it thus :

As the Micrometer is contrived to open and clofe in the Focus
of the Object Glals, and the Indices give the exa&t Meafure
of this Opening : So may we adapt an Inftrument, which may
advance ox withdraw the curious Point of a {lender Needle to or
from the Obje& Glals. And an Index ( after che manner of
the Migometer ) roay fhew how much the {lender Poine is
withdrawn from the Object-Glafs. . Then looking through the
Telefcope ar the Objet, whole Diltance we meafure, let
us withdraw the Needle, till by moving the Eye before the
Eye-Glafs, we perceive the NccgﬁE, as it were, fixt upon the
Object : (as is taught Chap. V. Sec. 4.) Then s the Needle
in the Refpective Foous. And by oblerving the Index afore-
mentioned, we -have the Meafure of this Refpeétive Focus
from the Objet-Glafs : And conlequently the Difference be-
tween ic and the Solar Focus. With which we are to work
according to the Rule, and we obtain what was required, wiz.
the Diftance of the Objeét. Thus {uppofe, in the foregoing
Example, the Glafles Focus be = 36 Inches, and the Re-

» fpe-ﬂ:ivc:
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But if we believe the faid Monl. duzont, by this Way, (if chis
Way which I propofe be his, as I know not whether it be or
not ) ane comes near enough to Exatuefs, and perbaps. as Juft as
by moft of the Methods ordinarily ufed. However, tho the Pra-
&ice, through fome accidental Difficulties, do not (o exaél
anfwer the Theory : Yet it cannot be deny'd, that the Theo-
ry is true.  And perhaps farther Improyements may: bring it
to Perfeétion.

Caapr VIL
An Optick Problem of Double Vifion.

N Tab. 41. Fig. 1, AB are the two Eyes, C the nigher Tib. 41

Objeét, D the farther Objeét; If both Eyes open are fixe ©
upon C, the Object D fhall feem double, and then thutting
t}?:lcft Eye A, the left Jmage of D difappears; and fhutting
the Right Eye B, the right Image of D difappears.

But if both Eyes open are fixed on D, then C fhall [eem
double, and if the l:?c Eye A be {huc, the right Image of C
vanifhes, if the Right Eye B be fhue, the lefc Imageof C
vanifhes. ' .

This is the Declaration of the Phanomenon, which any one
may experiment by placing two Candles, D 3 Foot, and C
1 Foot diftant from che Eyes, and then ftanding fo thar the
Nofe and two Objects may lie in ornear a right Line, he fix-
ing his Eyes on cicher Object, alternately open and fhut them.
I choole two Candles, and at that Diftance and Polture, becaule
the Expéfiment thereby Wwill be mofé fenfibly evident; tho
it hold in any two Objects at whatever Daftance, cill the
Diftance be {o great, thac the Interval berween the two

Eyes,
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Eyes bears no fenfible proportion thereto , that is, till
the Angle ACB (and much more ADB ) is fo very fmall,
that the Lines AC, BC, may be taken to runas it were
Parallel. ' :

This being declated, T explicate the Realon of this Appear-
ance, as follows.

In the firflt Caf¢, both Eyes being fixed on C, if the Right
Eye B be fhut, the Object D will appear to the left hand of
C; then fhutting the Left Eye A, and o ening the Right Eye
B, and looking at C, D will appear to the Right Hand of C;
therefore opening both A and B, and looking fledfaftly on C,
the Object D will appear on both fides C, that is, thh to
the Right and Left Hand of C, and therefore double. And
’tis manifeft, the Right Eye B receives the Right Image of D,
and the Left Eye A the Left Image of D; therefore in chis
Cale, to the Right Eye being fhus, the Right Image of D
difappears, and to the’ Lefc Eye being {hut, the Left Image
of D dilappears.

But in the fecond Cafe, fixing both Eyes on D, C feems
double, for the Left Eye A -being thut, C appears to B on
the Lefc Hand of D; then the Right Eye being fhut, the
Left Eye A fees C on the Righc Hand of D; fo that in this
Cale, the Right Eye receives the Left Image of C, and the
Left Eye the Right Image of C, and conlequently the open-
ing or fhutting of either, .does in this Cafe make the contrary
Image of C difappear. And why C fhould feem double, is
plain in chis Cafe; for the Right Eye fees it-on the Leff
Hand of D, and che Left Eye on the Right Hand of Dy fo
that both Eyes fee it on both Hands of D, and therefore
double. But then in the firlt Cafe, the Object D, and not
the Object C, fcems double. And in the fecond Cafe, the
Object C, and not the Object D, feems double. For in
Vifion, thereis a Difierence between looking and feeing ; what-
ever
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ever Obje@ T lwk at with both Eyes appears fiugle, and all
others more remote or nigher, that I /ee, appear double ; for v pon
the Object, Ilook at, the Oprick Axes do concur, but not (o on
thofe'I only fee. And this is the Reafon thac at any time I
can make all the Objects about me feem confufed, only by
turning the Optick Axes {o, chat they may concur in che free
Air ; as if chere were a certain viﬁ{dc Object there before
them, tho really there be none.

And that the Concurrence of the Axes Oprici in a fingle
Point or Objeét is fufficient to make thac Object feem buc
onc befides the Proof of the foregoing Experiments, I {hall
endeavour to evincey; or at leaft to explicate, by an other
known Affeétion of Vifion; the Explanation whereof is al-
lowed by all men as fatsfadory, ‘tis this, in Tub. 41. Fio. 2.
the Image 4 b of the Object AB is painted on the Rfﬁn? in-
verted, and yer the Eye (or rather the Soul by means of
the Eye) fees the Object erect and in its natural Pofture;
Becaufe the Mind rtakes .no notice of what happens to the
Rays in the Eye by Refraction or Decuffation, but in its di-
rection rowards the Object; it follows ftreighe alongft the
Rays as they by their Impulfle and in their plain Courfe lead
it, and confequently following the Rays a 4, it is directed ftraic
to the upper part of the Objec ; and alfo following the Rays
bB, it is direted to the lower part of the Obje&, and fo of
the reft : for (uppofe the Ball of the Eye taken out of its Sock-

et, or Cavity in the Skull, and a Man receives in the Socket.

an impulle by a Stick coming in the pofture of B &, and hic-
ting him on the upper part of the Cavity, furely he would
never look for the Original of this Blow at 4, but would
be certainly directed to hunt back as it were alongft the Stick
b B towards the Place from whence the Stroak comes. So
the mind does hunt back by means of each Pencil of Rays
('Which are as it were a Scick giving the Retma a cerain

Pp Impulfe)
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Impulfe ) to the Point from whence it comes , and is thereby
directed fraic therero.  To apply this to what Liatend, I fay
then, that the Mind or vifive Faculey. (if Imay have leave to
ufe that Word for a thing we all underftand and cannor bet-
ter exprefs) rakes no notice that there are two Axes Optici, or two
Picres made by thole Axes Optici on each Retina, but follow-
ing back , and hunting counter alongft thele Axés, it is direét-
r:dg to, and determined in one fingle Point, and therefore it fees
L as one. "

And [eeing this Speculation does naturally lead me to the
Confideration of an Opinion, firft as I think ftarted by the

celebrated Gaffendus, and fince embraced by many, wiz, thar

we fce but with one Eye at once one and che {ame Point
of an Obje&, otiante alio, ( as they term it) whilft the other
is idle and does nothing. I fhall not think it improper to
{ubjoyn to my former Dilcourfe fomething relating to that
Opinion, confining my felf only to what may {fomething il-
luﬁrate my former Explanations, for to enumerate all the
Experiments that prove we fee with two Eyes, would {well
this far beyond the limits I defign ic. = Therefore to the
Matter. v 13 :

Againft our feeing with two Eyes at once one and the

fame Point of an Object, it is commonly objedted, that if it

were fo, every Object would feem in two places ac once,
vide Gaflendi Epift. 4. de Magnjt. Solis bumilis & [ublimis, <
Taqueti Opt. lib. 1, Prop. 2. Thus in Tab. 41. Fig, 3. If
the Eyes A, B, look at the Object C, and both fec it at 2
time, A would fee it on the oppofite Wall fuppofe ac E, and
B at D.

I am fo far from thinking this an Objection, that I affert firft,
that we do fee all Objects in two places, and that this is not
taken notice of by us upon thefe Accounts. Firft, the com-
mon Objects of our fight are large, and the Axes of our Eyes

directed
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directed to but one Phyfical Point thereof at a time, and then

we cannot be expected to fee fuch in two places ac once : for
when Lread on a flar broad Book, where EE the oppofite Wall
for afingle fmall Letter to be feen on at'two places, the Let-
tersthemlielves are fixt to the Surface that determines the Sight.
What I Inftance in Letters on a Book may be accommodated
to moft other Objeds. Secondly, Thete are few Objects dil-

ofed ficly for fhewing us chac” we fee them in two places ,
Eor cither their Bulk hinders the Experiment from appearing fo

lainly, or their diftance from "each other ot from the Eyes.
I_,["hird y> The Wall D E and the Parts thereof are {een {o con-

. fufedly by the Eyes A, B, when fixed on C, thatwe cannor

fa clearly obferve this Experiment ; and chis happens to all Ob-
jects more remote or nigher to us than C, when the Eyes are
fixed on C, fhill fuppofing that it (elf be but in a moderace
Diftance from us, that is, in fuch a Diftance from us, as
may bear fome confiderable Proportion to the Diftance of che
two Eyes from each other. Fourthly, the chief Reafon why
we do not perceive {o plainly the Objeét C to cover both D
and E is, becaule, though D be coverd by C from the Eye
B, yerit is not covered from the Eye A, and therefore we
think it not covered at all.  Alfo though E be covered by C
from the Eye A, yet it is not covered from the Eye B, and
confequently becaufe we fee E, tho but with one Eye B, we
jmagine it not covered ac all, {o that both the Points D and
E being open to both the Eyes A and B, wig. the Point D to
the Eye A, and the Point E to the Eye B, we think neither
of them covered, whereas really they are both ohlcurd, each
to its proper Eye, as will be evident by winking. And from
hence is manifeft che falficy of Taguets Aflertion in }Ear: torecited
Place , wiz. that opening both Eyes A and B ( Fig. 3.) and
Jooking at C, it (hall appear only to cover E ( he imagining
that moft - Men fee generally wich cheir left Eye ) whereas 1
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fay it fhallappear to oblcure neicher E nor D, tho to each Eve
refpediively it cover each. Fifthly, whereas the Bulk of OE-
jefts ( as | have noted) does hinder the Experiment from
being fo fenfibly evident if by any Experiment T can fhew
how a large Objeét may be doubled; Ithink stwill be fuf-
1.41F. > ficiently P%“in' Therefore in Tab. 41. Fig. 4. lec A, B, be
the two Eyes , before which at a conyenient Diftance
lace the two Candles C, D, then take a large piece of Pa-
per EFGHK, in whofe middle at K there is a fmall
Hole. This Paper fo place between the Eyes and Candles,
that the Eye A may through the Hole K fee the Candle
D ; and at the fame time the Eye B may fee through the
Hole K the Candle C; the due Diftance of the Paper that
is requifite for this. will be found by Tryals, and winking
alternately with the Eyes. When all things ‘ate in this Po-
ﬂ:urc, open both E}’ES A and B, and diret them to look
at either of the Candles, I fay the Hole K fhall feem dou-
ble; and what is proved of the Point K is true ‘of all other
Points in the Paper, fo the whole Paper appears double; but
no Points thereof are fo evidently doubled as the Point K,
becaufe they want the Advantage of Lights behind them to
render the Experiment more {enfible. - And upon this Occafi-
on I cannot but hint to all Perfons that are defirous to make
Experiments about Vifion, that chey always imFlny the moft
luminous and vigorous Objects they can poffibly, for miany
Experiments will be evident by them, that will not fenfibly
fucceed with others. )

Bue I affert {econdly, that unlels we faw with both Eyes,
the two firft mentioned Experiments would not fueceed, and
they may be reckoned amongft the greateft Arguments that

can be produced for it.  For fuppofe in Fig.'1. A and B
to look ftedfaftly on C, I fay they fee Cin two Places at
once, for they fee it both on the Right hand and Left h::u‘n:lf
of

I R T —




[ 293 ]

of D. For'tis the ame thing to fee" C betwween ewo DY,
as to fee it at two Places at once. And this Tll declare more
fully Tab,s41. Fis. 5. fuppoﬁng the two Eyes A and B fixed on 141 5.5
the Object C, I fay C appears on the oppolite Wall X Z in two
Places, viz. at E and F (tho meither E nor F are obfcurd
thereby for the foregoing Reafon ) for let us fuppofe the
Object D of the ﬁrﬁ: Figure to be placed duly on chis Wall ;
{hutting A, the Objeét C f(hall appear to B on the left hand
of D by the Angle D BE : then fhutting B, the Object C
fhall appear to A on the right hand of D, by the Angle
D A F; wherefore to both open at a time and looking at
it, it fhall appear on both fides of D, to A on the right
fide, to B on the lefe fide , and this happens by doubling
of D; fo thac from hence this Paradoxical Corollary arilbs::
Thar an Objeét may be feen in two Places, and yer not Jeen
dowble. .
They that afferc that we fee but with one Eye, whilft
the other is idle and does nothing, aflert likewsfe cthae all
vilual Spirits recede from the idle Eye, and only (upply the
Eye that fees; but I fee no Reafon why the Eyes A, B;
looking at C, either of them fhould be faid deftiruce of Spi-
rits in refpeét of C, which they fee fingle, and yer both re-
lenifhed wich Spirits in refpect of D, which they {ee Dou-
le. The Images of C and D both are painted on the Re-
timaof A as well as of B, and therefore A ind B both be-
ing replenifhed with Spirits to lee D, (‘even by the Con-
ceffion of our Adverfaries) why not to fee C:allo, at which
they ftedfaftly look 2 ‘

To conclude, I propofe it to the learned and ingenious
Dr. Briggs, or to any other of the Philuf"(:phicalSpirirs of this
Age 1 explain the fmego;ng Phznomena by the Doétor’s
Theory of Vifion. Andas a Conclufion to the whole fhall
only add one Experiment that Demonflrates we fee with

both
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ARPENDIX.

Hilft this Book was in the Prefs my Affairs were fuch,

that I could not attend the Pernfal and Correlion thereof,

but therein bave made ufe of my Friend Mr. E. Halley,who was willmg

to do me that Service: He, after the fir[t Part bereof was ﬁuiﬁm;ﬂ

Jent me a Propofition of bis own, which I took to be of that Confequence

i Dioptricks, that I importuned bim to permit it to be fubjoyned by

way of Appendix to my Treatife, it being of that Extent as to compre-

bend the whole Dattrine of the Foci of Spherical Glaffes of all Sorts,

expofed either t0 Diverging, Converging, or Parallel Rays. It is
as follows.

-_—

ProrosiTionN.
T O find the Focus of any Parcel of Rays Diverging from ,

or Convergig to a given Point in the 4xis of a Spherical
Lens, and inclined thereto under the fame Angle; the ratio of
the Sines in Refraétion being-known.
' Let G L Tab. 42. be the Lens, P any Point in its Surface,V the 74 &
Palethereof, C the Center of the Sphere whereof it is a Segment,
Q the Object or Poing in the Axis,to or from which the Rays do
proceed, OP a given Ray: and let the ratio of Refraction be
as r to s; make CRto CO as s to » for the immerfion of
a Ray, or asr to s for the Emerfion, (that is, as the Sines of
the Angles in the Medium which the Ray enters, to their cor-
rélponding Sines in the Medium ouc of which it comes ) and
laying CR from C towards O, the Point R fhall be the fame
for ‘all the Rays of the Point O. Then draw the Radius PC
if need be continued, and witch the Centre R and Diftance O P
fiveep a touch of an Axch interfetting P Cin Q the Linr:b QR
eing
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cing drawn (hall be parallel to the refracted Ray, and PF being
made parallel thereto fholl interfedt the Axis in the PointF,
which is the Focus fought Or makeitas CQ: CP:: CR: CF
and CF fhall 'be the Diftance of the Focus from the Centre of
the Sphere.
Demonftration.

Let fall the Perpendiculars P x on the Axis, Cyon the given
Ray and Cz on the refracted Ray. By the Conftruétion P F
and QR are parallel, whence the ArQR C and PF C are fi-
mular,and CRto QR as CF to P, thatis, CR to OP as
CFtoPF. Now CF:PF::Cx:Pxob fimilia Triang. whence
CR:0OP:€6z:Px,andCR:(z: OP:P x Again CR ista
CO as the Sines of Refraétion, by conftruction, that is as s to r
orrtos; andas CRto (3, [0CO=_2or L CR to~ or<
Cz,and fo PO'to Px:Butas POto Px,fo CO to (y. Ergo Cy
—~ or - Cz, thatis, Cy to Cz is as the Sines of Refraction,
~ but Cy isthe Sine of the Angle of Incidence, and Cz of the

refracted Angle. Ergo conftat Propofitio.

The feveral Cafes of Rays Diverging or Converging as they
enter the curve Surface of a Convex or Concave Lens, are for the
Readers Eafe delineated in the firft four Figures of Tab. 42. as
arein Fig. § and 6. thereof, and in Fig. 1, 2. of Tab. 43. the
like Cafes of emerging Rays. All u.'hicﬁarg drawn with the fame
Letters to their relpective Points, only in fome the Point F fal-
ling far diftant, is to be underftood in the Interfection of the
Line P F wich the Axis.

This thus demonftrated in the moft difficule Cafes, willgive
all the Rules for the Foci of Rays parallel to the Axisas likewife
for the principle Focus, where the Rays neareft the Axis do unite,
all which Rules I{hall collect in thefe following Corollaries.

Cor. 1. IFOP be equal to CR, then the Points Q and C are
coincident, and the Rays O P after Refraction run on parallel
to the Axis, _ | Cor. 2.
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Cor. 2. If the Point Q_fall on thg fame fide the Axis as is the
Point P, then the Beams after Refraction do tend on, either
diverging or mnvcrEing as before : But if Q fall on the other
fide the Axis, asin Fig. 1. the diverging Rays are made to con-
verge bya Convex, or the converging to diverge by a Con-
cave Glals,

Cor. 3. If OP doexceed CR, the Focus is in all Cafes on
the fame fide of the Glafs as is the Centre of the Sphere C. But
contrarywife if O P be lefs than CR,the Focus falls on the other
fide of the Glafs beyond the Vertex V.

Cor. 4. An Obje& may be fo placed, that the Rays next
the Axisof a Convcx-Giafsy {hall have an imaginary Focus, trans-
mitting diverging Rays, when the more remote Parts thereof
fhall make them converge to a real Focus.

Cor. 5. 1f OV the Diftance of cthe Object from the Pole or
Vertex of the Glafs, be takeninftead of OP, then will C Q
be the difference of O V and CR, and as thac difference to
CR, fo the Radius CV to CF the Diftance of the princi-
pal Focus from the Centre of the Sphere whereof the Glals is a
Segment : orelfe as CQ OP or RQ:: fo PC to VF the
focal diftance from the Pole of the Glafs. Whence follows a ge-
neral Rule for the Foci of all Glaffes, only according to Corol. 3.
if OV do exceed CR, the Focus is on the fame fide of the
Glals as is the Centre of the Sphere.  Butif CR be the great-
er, then the Focus is on the oppolfite fide of the Glafs, whence
it will be determined whether the Focus be real or imaginary.

Cor. 6. What has hitherto been faid of one Surface of a Lens
is ealily appﬁcablc to the other; taking F the Focus of the firft
Surface as an Object, and ufing itas O in the Figures for emer-
ging Rays, whereby the Focus of both Surfaces will be deter-
mined, as inTab. 43. Fig. 3. wherel have givenan Example.

Cor. 7. Hitherto we have confidered only ebligue Rays either
Diverging or Gmwerging ; it now remains to add fomething con-
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cerning Rays parallel to the dxis : In this Cafe the Point O muft
be confidered%s infinitely diftant, and confequentdy OP, O C,
and CR are all infinite; and O P and O C are in this Cafe
to be accounted as always equal, (fince they differ but by a Part
of the Radius of the Sphere GP V L, which is no part of ei-
ther of them,) wherefore the ratio of C R to O P will be al-
ways the fame, viz. as's to » for immerging Rays, and as
r to s for thole that emerge. And by this Propofition CF is
to P F in the fame ratio. It remains therefore to thew on the
Bafe CP, to find all the Triangles CPF wherein CF is to
P F in the ratio given by the degree of Refraction. This Pro-
blem has been very fully confidered by the celebrated Dr. Wallis
in his late Treatife of Algebra, pag. 258. to which Irefer; but
1 muft here repeac the Conftruction thereof, Tab. 4. Fig. 4, 5.
Lec GPVL be a Lens, VC or PC the Radius of its
Sphere, and let it be recrircd to find all the Points £, £, fuch
as Cf, may be to P f in the given ratio of sto » for immergin
Rays, or as r to s for the emerging. Divide CVin K, an
continue CV to F, that CK may be to VK, and CF to
VF in the propofed ratio: Then divide KF equally in the
Point 4, and with that Center fweep the Circle FK F ; this Cir-
cle being drawn gives readily all the Foci of the Parallel Rays
OP, OP. For having continued CP till it interfect the Circle
in F, PF fhall be always equal to 7f the Diftance of
the Focus of each refpective Parcel of Rays OP, from the Ver-
tex or Pole of the Lens. 4 :
To demonitrate this, draw the pricke line 'V F, and by what
is delivered by Dr, Wallis in the aforecited Place, V F and CF,
will be alwayes in the fame propofed ratio. Again#f being
made equal to PF, CF and Cf will be likewile equal, asare
CP, VC; and the Angles PCf, V CF being ad verticem
are alio equal : Wherefore P f will be equal to V'F, and con-
fequently Cf to P f in the fame ratio as CF to V. F, whence
. | AT S and

Bt T

o




[ 299 ]

and ,b}' what foregoes, the Points- £, f are the feveral ref; pective
Foci of the feveral Parcels of Rays, OP, OP. Q.E.D.

That CF is to PF in the ratio of the Refraction, in
the cafe of parallel Rays, will be yet more evident, if it be
confiderd, that the Angle ac C is equal to the Angle of In-
cidence, and the Angle at P to the refracted Angle; where-
fore P F the fide oppofite to the Angle at C, is as the Sine
of the Angle of Incidence, and CF oppofite to the Angle
at P, is as the Sine of the refpeive refracted Angle ; whence
in all Calfes of parallel Rays, CF is to PF intﬁt‘ fame con-
ftant ratio of Refra&ion.

If ic {hall be defired to effe& in Numbers what we have
here done by Lines, it will be moft eafie to adapt a Calculus
to the foregoing Geometrical Conftruction.  For if in the Tri-
angle PO C there be given the Radius CP equal to Uniry,
C O the diftance of the Object from the Centre of the Sphere,
and the Perpendicular P x equal to the Sine of the Angle P C O,
the fide PO = QR will beequalco v CO ¢ - CP -+ 2CO
inYCP?— Px7”Thenas QR or POto Px:: fo CR to
the Sine of the Angle CQR, and the Complement to 180 &
of the fum of the Angles CPO and CQR is the Angle
CRQ=CEFP; and as Px toP O fo theSine of the Angle
CRQto CQ; andasCQ to CP fo CR to CF, which
is the diftance of the refpective Focus of all the Rays PO
from the Centre of the Sphere C.

But the Foci of Rays parallel to the Axis may be more rea-
dily computed , following the Footfteps of the Conftruction
delivered in Coroll 7. (Tab. 43. Fig. 4, 5.) for thereby icwill
appear, that the Radius of the Circle KF, wiz. aF, isequal co
——— CP,and Ca= " CP,for emerging Rays, as in Fiz.4;

but for immerging Rays, asin Fig.§, Ca will be found to
be —~~ CP: and fuppofing the diftance of the Ray from the

Qq 2 Axis
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Axis =P x, in the Cafe of parallel Rays Emerging, the di-
ftance of the Focus will be found, PF = === +/CP7—Pxr-

+V;£§CPE—”£.:-‘P::‘?:_CP: that is, 7 to's being as 3
02, PF=2 VCP#—Px%. +v £CP7_2Px1_CP.
And for immerging Rays, the Focal diftance is found by a like

Rule, PF=-*- v CP+ —Px?+4v L CP7—_1_Px?

+CP : thatis 7 and s being as 3 to 2 as before, P F is equal to
“YCPIr—Px?+4 95 CP+_+Px? 4 CP. Thele Canons
are (o eafily deduced from the Conftruétions, that I fhall not
need to trouble the Reader with their Demonftration; only I
{hall add cwo Tables which I computed from them, wich liccle
more work than a continual Addition; which may by way
of Example, ferve to inftruét and exercife the young Student
in this part of Mathematicks. :

Suppofe C P the Radius of the Sphere of Glafs 2 Inches,
and the ratio of Refraction as 3 to 2; at each renth of an
Inch diftance from the Axis, the Foci ate as follows.

For Emerging Rays. For Immerging Rays.

Px] PF Px| PF

v 11,9600 ++ §78c0._2 V 2,5600 4+ $: 7600 +
v 12,9276 + 573762 v2,5536 +/ §5,7536 + 2
v 12,8304 +v 563042 v 2,5344 + 5,7344 + 2
v 12,6684 ++/ 5,4684—12 v 2,5014 + 57024 + 2
W 12,4416 ++/ 52416—2 v 2.4576 ++/ 56576 +
o 12,1 500 4/ 4,9500—2 v 24000 4/ §.6000 +
v 11,7536 + :: 4.5936—2 v 2,3396 4y 55296 +
W IL3T o 40T 2—2 2 +
V10,8854 4 3,0864—2 o :.:‘;Si Ij ;.‘;;:44+ 2
o | 10,3356 +4/3,0356—2 W 2.0416 ++/ 5.2416 4 2
1o | o §.,7200 + . 3,5200—2 W 19200 4+ f1200 4 2

ﬂ.c‘:lhl D e W B = 0O

S0 00~) A B W B = O

.‘ BIF
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Bat ic is to be Noted, thae thefe Foci for Immerging Rays,
muft not be taken for the Foci of a Plano-Convex, when .
the Convex Side is towards the Object, for the plane Side
by its Refraction, does contra@ the Focal length by abous
a Semidiameter of the Sphere ; Thefe {uppofe the Body of
Glals continued, as in the Firft Propofition of this Treatife,
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