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PREFACE

(To this Seconp EpiTION)

By Dr. DESAGULIERS.

g T is almoft twenty Years, fince
& Dr. BRowx e defired me to
look over his Tranflation of this
Treatife of Catoptrics and Di-
oprrics, and his own large Sup-
plement : 1 found the Tranflation to agree
with the Original, and the 4ddenda very
proper for fuch Perfons as apply themfelves
to Optics ; and accordingly allowed him to
mention my Approbation of the Work.

Now the Book being out of Print, and a
great Demand made for it, the Doctor was
requefted, by Mr. Curcr, to publith a new
Editon of it: But as he lives at Lyun in
Norfolk, he could not, as he wrote him Word,
fix any certain T'ime for the Publication ; he
therefore has defired me to do it for him, al-

(a3} lowing
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lowing me to make fuch Emendations and
Additions as I fhould think fit. I find no
Occafion for Emendations, except a few Er-
rors of the Prefs, and in the Plates, which I
have corrected : But I have made fome Ad-
ditions in his Introdution and his Supple-
ment ; and have, by way of Appendix,
given a full Defcription of the two Sorts of
Refletting TerLEscores, at prefent {o
much in Vogue, and fo juftly valued ; which

I have explained by feveral Figures in a
fourth Plate.

The Reader will find who have been the
Inventors and Imitators of thefe Telefcopes,
by Sir Isaac New ron’s and Dr. Ja MEs
GrecorYs* LETTERS, written near
fixty Years ago; fo much of which I have
tranfcribed from the Originals (now in the
Poffeflion of Wrrrraym Jones, Efg;)as
relates to thefe Matters: And the Public are
wholly indebted for the Ufe of them to that
excellent Mathematician and ingenious Me-
chanic Jou~n Haprey, Efq; Vice-
Prefident of the Royal Society.

As it may be expected that I thould give
fome Account of our Author, T have here
fubjoined what ANTHoONY 2 WooD fays
of him (in his Fafti Oxon. Vol. II. Page
2% ) S

* Uncle to onr Author, who wrote the Optica promota,
and publithed it in 1663.

¢ Davip
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“ Davip Grecory, M. A. of the Uni-
verfity of Edinburgh, was admirtted to the
Reétory of Brightwell, near Wallingford
in Berkfbire, 1691. 'The fame Year he
accumulated the Degrees in Phyfic, and
became a Mafter-Commoner of Baliol-
College.

“ This Gentleman, who was born at
Aberdeen, and moftly educated there,
hath extant, Exercitatio Geometrica de
Dimenfrore Figurarum ; five, Speci-
men Methodi generalis dimetiendi quaf-
dam Figuras. Edenb. 1684. qu. At
which time he was Mathematic Profefior
there.

“ His Uncle, Mr. JAMes GREGORY,
printed at Padua, in the Year 1667, a
Book entituled, »era Circuli & Hyper-
bole Quadratura.

“ In the Philofophical Tranfatiions,
NC. 207, Fan. 1693, is, Solutio proble-
matica Florentini de veliform: quadya-
bili, by our Author Davip GREGORY,
then Fellow of the Royal Society.

“ In the Philofophical Tranfattions, N°.
214, is, An Epiftle from Dr. GREQE?RY
10
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“to Sir RopBRT SouTHWELL, af.
“ certaining fome Mathematical Inven-

“ tions to their AutHoRrs, Dated Noo. 15,
Cc

© 1694.

“ He publithed alfo, CAToPTRICE
“& Diovrrica Spherice Elementa.
“ Oxon. 1695. 8vo.” A Tranflation of
which being what is here undertaken. And
thereunto are added,

I. A Method for finding the Foci of all
Specula, as well as Lens's, univerfally.
As alfo for Maguifying or Leffening a
given Objett by a given Speculum or
Lens, in any afligned Proportion, ¢e.

I11. A Solution of thofe Problems which
- Dr. GrREG o RY has left undemon-

ftrated.

III. A particular Account of M1cRoOSCOPES
and TeLEscorEs, from Mr. Huyc e Ns.
With an Introdutiion, thewing the Dif-
coveries made by CaTorTR1CSs and
DiorTR1cs. By Dr. BRowNE.
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ALETTER from Dr. BROWNE
to Mr. CURLL.

§ IR, |
: Lynn, Fuly 6, 1734.
"~ Received yours: Grecory was the Child
of my Youth; you was fo good as to take
it off my Hands, and undertook to bring
it up and maintain it at your own Charge: So
that it is now more properly yours than mine.
As to a new Edition of it, I cannot engage to
do it by any particular Time, becaufe our
leifure Hours are fo very uncertain: So that
if you could get the fame thing done by the
Gentlemen you mention (Dr. DesacuLiers, or
Mr. Jo nEes) which muft be worth your while,
they are fo much more capable of doing it than
my felf, that, with the Recommendation of their
Names, Iapprehend the Work would meet with
a much more favourable Reception from the
Public ; and fecure, in confequence, a larger
Share of what you may expeét from it your felf.
Very fure I am, that your publithing only a
corre& Edition of the felf-fame Work, without
Alterations and Augmentations, will never an-
fwer in any refpett. But judge for your felf;
and whatever it i1s you undertake, I heartily with
Succefs; only, if you will take my Advice, don’t
grudge the compleating it on the beft Terms you
can, by either of the Gentlemen you named.
Iam

Yoar old Friend, and
Humble Servant,

W. BRowNE.
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ASecond LETTER from Dr. BRowNE
to Mr. CURLL.

Dear SIR,
| Lynn, Now. z, 1734

A M glad you have put Dr. GREG ORY

into fo much better Hands than mine.

I have nothing to add; nor would I

by any means, by any thing of mine, dimi-

nith the Value of an Edition, which will

be much more efteemed, in being republifh-
ed by Dr. DESAGULIERS.

I am,
(With Service to Him)
His and your bumble Servant,

W. BROWNE.

Dr. BrRownse’s Two LETTERS
to Mr. Curvrr, thew that every thing
has been done in Concert with That Gen-
tleman.

J. T.DESAGULIERS.
Channel-Row,

Nowv, 21, 1734-



INTRODUCTION;
She-w'mg the .ﬂfﬁ;veﬁes made b}i‘*‘l

Catortrics and Dr1oPTRICS.

= -

By Dr. BROWNE.

i T is a great Encouragement
a8 for thofe who would take
& the Pains to perfect. them-
vél {clves in any Science, to be
firft informed of what Ser-
vice it will be to underftand

. it: And fince there ‘is no
Part of Learnmg of {o real and gencral Be-
nefit to Mankind, as this of Caraprries and
Dicprrics, it is but Jultice both to the
Subjeét and Reader, to give {fome Account
of the many wonderful Difcoverics which
we owe entirely to this Science.

[ b} The




i1 INTRODUCTION.

"The Sight of Man is of it felf confined
to very narrow Views; and though it takes
in a great part of the Creation at once, yet
all is reprefented in Miniature and imper-
fe¢tly. 'The naked Eye fees only fo much
of external Objells as is {ufficient to move
the principal Paflions, and give notice of
what more immediately concerns the Safety
and Happinefs of the Animal. 'What is more
than this, was left as a Subject for our Cu-
riofity, upon which we might exercife thofc
Faculties which are beftowed by our boun-
tiful Creator for this very End, of fearch-
ing into the aftonithing Mechanifm of all
his Works, and from thence enlarging our
Idea of his Greatnefs. Qbjells placed at
a great Diftance, whether upon the Surface
of our Earth, or in the Heavens, are feen
under fo fmall an Angle, that their Parts
are not to be diftinguifhed one from ano-
ther ; and by this means thefe diftant charmi-
ing Scenes of Nature were hid from us,
which the Study of Caroprrics and Diop-
trics has fince laid open to our View. This
noble Part of Knowledge teaches us how,
by a due Pofition of Glaffes ground into
certain Figures, we may enlarge the Dia-
meters of the heavenly Bodies, and all fuch
Olbjeits to which we are allowed no nearer
Approachy in what Proportion we pleafe,

and
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and view them as perfeétly and diftinétly as
if we could fummon them before us, and
command them to the End of our Telefcope.
This has brought us into a perfet Acquain-+
tance with thofe furprizing Parts of the Cre-
ation, which are far feparate from this Globe
of ours, and with which we are allowed no
Commerce but Looking, We can now per-
ceive the Sun to be a vaft Globe of Fire,
and by the different Phafes of all the Pla-
nets, that be is the Fountain of all their
Light. " 'The Surfaces of moft of them ap-
pear like fo mary Maps of Land and Water,
and there are few now but allow both them
and the fixed Srars fome nobler Ufe than to
twinkle upon us o'Nights. By fixing upon
fome remarkaile Spots on their Surfaces,
and obferving how they fhift their Pofition,
and in what time they again return to the
fame Place, we determine the Motion of
thefe Bodies round their A4xesr, and the
Time in which that Revolution is perform-
ed. Sevcral fecondary Planets, or Satel-
lites, which were too fmall for the naked
Eye, are now difcerned to move round Fu-
piter and Saturn, as the Moon round our
Earth; and about the laft ot them is {een
the particular Phenomenon of an Annulus,
or Ring. Nor is the Difcovery of thefe
Satellites merely fpeculative; but of prodi-
(53] gious
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gious Ufe and Advantage; for their Fclipfes
have determined the Felocity of Light, as
Romer has fhewn,* and are fo frequent, as
to be the moit cenﬂant Appearance the
Heavens afiord us at prefent, for the Solu-
tion of the great and valuable Problem of
theLﬂﬁgﬂﬂde. The Diftances, Magupitudes,
and Motions of all the hfaver]y Bodies, and
even the Irregularities of the Moon; have
by this means been fo nicely nbﬁ,rved and
by the Power of Numbers reduced within
fome few Tables for common and eafy Ufe,

that their Places for any determinate Inftant
of Time to come are now to be prediied as
eafily, and almoft as exac‘}tlyj as we could
wifh.

'T'he nice Prediéiion Dr. H ALLEY gave
of the late Solar Eclipfe, total at London,
(a rare Sight in our Part of the Glsbe) is
fuch an Inftance of the great Perfection to
which we are arrived in thefe Matters, as
has amazed thofe unthinking Gentlemen,
who were only to be rowzed out of their
Security in Ignorance by the Apprehenfions
of Doeomfday. 'The prodigions Diftances

* Since that Time the Felocity of Light has been more
exaltly determined by the Obfervations of the Reverend and
Learned Mr. BRADLEY, Savilian Pi nﬁﬁr gi".rfﬂrma#{p at
Oxford ; avho fbeavs, that Tight comes from: the Sun fo us in
g Minuies and 13 Sﬁ'ﬁ:’f?ﬁi"“

of
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of the fixed Stars beyond that of any of
our Planets, is, befides their little or no

amnal Parallax, plainly de‘ucible from

the Telefcope ,* for the longeft that ever

was made, and which perhaps reprefents
their apparent Diameters one or two hun-

dred times larger than the Truth, has been

fo far from magnifying them, that, by cut-

ting off thofe irregular Rays which hinder

us from diftinguithing the true Termination

of their Orbs; it makes them appear fome-

thing leflencd ; befides that Mr. Huycens

has given a Method of even computing

thefe Diftances by means of the Telefcope.

It is now reckoned no abfurd Notion to
conceive thefe fixed Stars as {o many Suns,
probably at as great Diftances one from an-
other as they are from us, and every one to
have their Syffem of inhabited Planets cir-
cling round it : And perhaps the Number of
thofe which we fee, counted by HevEe L1us
to be 1888, may bear little or no Proportion

* The curious Obfervations of the Learned Profeffor BRADLEY
abovementioned fbeww, that the fixed Stars are much farther
Sfrom us than awas imagined even by thofe who fuppofed that
Light muft be fix Months in coming from them to the Earth :
Whereas by Mr. BR ADLEY's Obferevations they muff be 40,000
times fartber from us than the Sun ; and confequently Light
will be above fix Years coming fiom the fixed Stars to the
Earth. Whence it folloaws, that if it fould pleaje Gop ta
annibilate one of the fixed Stars, ave fbould continue to fee it fix

Years after it awas cut.  See Philof. Tranfact. No. 406,
to
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to thofe others that may be difperfed thro’
the vaft Regions of the Urizerfe, at fuch
Ditances from our little Ba//; that no Af-
filtance can evcr help us to a Sight of them.
A 'Notion that gives furely the moft juft
and noble Sentiments that the Mind of Man
can entertain of an Almighty Author ! That
the milky Way in the Heavens, which we
behold in a ‘clear Star-light Night, is no-
thing elfe but ‘a continued Clufter of fuch
Sixed Stars, is a Truth of which we are
aflured by the Telefcope.  And to the fame
Help it is we owe all we know of thofe
heavenly Bodies called Comets; their Di-
ftance, Magnitude, and Motion round the
Sun in {uch eccentrical Orbits, as come
{fome of them very near to right Lines. To
what a furprizing Height this cometical Aftro-
nomy has been carried by the prefent Age,
notwithftanding the Obfervations we have:
been able to make upon thefe Bodies are fo
few, and thofe made by our Predeceflors fo
imperfeét, may be feen in the Writings of
thofe incomparable Aftronomers, Sir lsaac
Newrton, Dr. GREcory, and Dr. Harrey.
That in every clear Morning and Evening
we fee the Sun for fome time before he rifes,
and after he fets, is a Paradox only to be
yariddled by Disptrics : And if we would
know the true Place of any heavenly Body

- clevated
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elevated not many Degrees above the /ori-
zom, the fame Scicice tells us, that here fee-
is not believing, but that we muft cor-
rect our Eye-fight by a Table of Refrattions.
It is true, the Ratio of Refraét.ion of the
Atmofpbere very near the HHorizon does not
obferve a conftant Rule, becaufe there hap-
pens a very great Variety in the Accimula-
tion of Vapours abour thofe Parts: But then
this Variation depends pretty regularly upon
the Pofition of the Sun above or below the
Horizon, and the different State of the
W eather ; and if in the Morning or Even-
ing we f{ee the lower Parts of ‘a diftant
Tower or Mountain through a Telefcape
fixed in Polition, we fhall find the upper
Parts of the fame Tower or. Moustain . in;
the fame Place, if our Obfervations be made
nearer Noon, and juft at Nunn the fame.
Object will be. feen lowett of a! 1, as the ace
curate Mr. Hux 5 s has obferved : And
this Difference is greater in cold and moift,
than in hot and dry Weather ; and though
not in a Proportion always certaw, yet con=
ftant enough for phyfical Purpofes,  The
Crepufeulum or ‘Twilight is determined fium
the Rays of the Sun below the Forzzon,
firft reiracted at their Encrance into the
Earth’s Atmofphere, and then reflected from
that Part of it ncar our Horizon, or rather
ﬁ'mn
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from the contiguous Surface of the Aither,

as from a concave Speculum : And the Height
of the Atmofphere has been attempted fromy
this Theorem by VAre N1Us, but the Air
being a Medium of different Denfity, and
confequently of diffcrent Refraction at dif-
ferent Diftances from the Earth, refraéts the
Rays of the Sun into Curves, and makes
that Solution lefs exat. In fhort, with-

out the Afliftance of Telefcopes, Aftronomy
could have come to nothing, and our Ob-

fervations of the Heavens had gone little
further than foretelling a fine Morning from

the Setting of the Sun, ora Shower of Rain
fomn the Coutle of the Clowds:- . ThelbTns .
ftances are fufhcient to fhew that all the
noble Difcoveries of the Heavens, of which
the prefent Age may fo juftly boaft of, are
derwed from the Knowledge of C’amprrm
and Dioptrics ; and whatever Improve-~

ments are herecafter to be made, can be ex-

pected from no other Fountain.

Ithall now defeend to a Profpec no lefs
amazing, which the {ame Science opens to
us in the minute Parts of the Creation. The
Difficulty which hindered the naked Eye
from examining the {malleft Particles and
{ubtle Texture of thofe Bodies that are al-
ways under our Command, was, that when'
fuch Objelis . are brought near enou-:rh the

Eye
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E ¢ to have their Jeaft Parts {ubtend a fen-
ﬁbfc Angle, they become without the Li-
mits of 5 ftinct Vifion. For as long as the
Pupil of the Eye can, by the circular Fibres
of the Uvea, be contradied in proportion as
the Oljet? is brought nearer, the Cores of
Rays frnm cach Point may till be looked
upon as Cylinders, and will confequently
be brought to a Point in the Focus of the
Eye, which is at the Retina, and ftill make
diftintt Vifion : But this Contraction of the
Aperture of the Pupi/ holding no nearer
than about four Inches from the Eye, if the
Objett is brought nearer than this, the en-
crr:aff:d Magmtudc is of no further Service ,
becaufe the Rays from each Point muft be
now confidered as diverging, and will con-
{fequently after Refraction at the Eye be made
to converge to a Focus beyond the Retina,
(which is the Place of the Focus of pﬁr.-:fflff
R ays) and fo make confufed Vifion, and the
- nearer the Objett approaches, the farther is
its Image projected beyond the Focus of the
Eye, and becomes {o much the more confu-
fed. Dioptrics teach us to remedy this
Inconveniency two ways, the firlt is, by
looking through an Hb/e pricked in a thin
Plate, {uppofe of Lead, whofc Aperture
muft be fo much the {maller as the O2yel7 is
nearer , for this {upplies the Place of a far-

[c] ther
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ther Contra&ion of the Pupil : But becaufe
this leflening the Aperzure excludes a great
many Rays from each Peint, and fo dimi-
nithes the Brightnefs of the Iimage, and that
in a duplicate Ratio of the Diameter of
the leflened Aperture, the fame Science has
alfo pointed out to us the more curious In-
vention of the Microfcope. By means of this
we difcern the admirable Range of the cou-
flituent Particles of all fuch Bodies as come
within our nearer View and Acquaintance.
The Cuticula, or outward Skin of the hu-
man Body, is found to be compofed of feve-
ral Strata of Scales, lying one over ano-
ther in different Numbers, according to its
different Thicknefs in different Places: Be-
tween thefe Scales the miliary Glands. di-
{perfed over the Surface of the whole Body
are feen to {end out their excretory Duls,
through which we perfpire ; and about one
of thefe Scales the Microfcope reckons near
soo fuch Dutis, and that one Grain.of
Sand will cover 250 fuch Scales: So that
one Grain of Sand will cover. 125,000 Ordg
fices of thefe excretory Duils. A Difcoves

ry that muft make us blefs our felves, and
ftand aftonifhed at the Zufiuity of the Crea-
zor, when the Creature is fo much beyond
our Comprehenfion !  The inquifitive Mr.

LewenHOEK has obliged the World with

a pro-
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a prodigious Number of fuch furprizing
Truths, which the curions Reader will find
among his Writings. 'The extreme Ducti-
lity and Minutenefs of the Particles of Go/d
is no lefs wonderful ; for a Piece of Silver
gilt with Leaf-Gold, and drawn into the
fineft gilt Wire, whofe Diameter 1s ;;; of
an Inch, and the Thicknefs of the Skin of
Gold (as Dr. Harvey has, from the fpeci-
fick Gravities of the two Metals, computed
it) not above ;= of an Inch, difcovers
not the leaft Particle of Silver through the
Pores of this Skin of Gold, though viewed
by the Microfcope. The Particles of the
Duft which flies like Smoke our of the Fun-
gus pulverulentus, ot Puff-Ball,when burft,
are difcerned to be perfeét Spherules of an
Orange-colour, fomething tranfparent, and
their Diameters not above 4 of that of an
Hair: So that a Tube of an Hair’s Breadth
would contain 125,000 fuch Spherules, The
Circulation of the Blood, that noble Difco-
very of our Immortal HarRvEY, is now
made vifible in the tranfparent Parts of Ani-
mals, fuch as the Fins and Thails of Fifhes,
and the Fect of Frogs; and the dnaffomofes
of the Arteries and Veins put out of Qie-
{tion, It is no lefs inftructive and curious
to behold the different Organization of the
lefler Species of Animals, as the regular

lc2] Armour
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Armour of the Flea, the jagged Probofcis
of the ick, and the Priftles of the Mize ;
and in a Lﬁf{ﬁ? as he ftirs his Legs, you fee
the Motion of the Mufcles of h;s Body,
whofe Tendons feem all to be united in a
longifh dark Spot in the middle of his
Breaft, and the like Motion is obfervable in
the Mufeles of the feveral Articulations of
the Legs, and in thofe of the Head, as he
ftirs his Horns, there alfo appears a great
Variety of Branchings of Blood- Veflels, and
the Pullc regularly beating in feveral Arte-
ries, and even the paﬂﬁszkm Motion of the
Ifzrfﬁz;:a.r, continued from the Stomach all
the way to the Arus, which is alfo to be
{ecen in the Flea, and feveral forts of tranf-
parent Maggots and Caterpillers. Befides
thefe, the Microfcope has prefented us with
an infinite Variety of little Animals, with
which the naked Eye can have no Acquain-
tance. They are obfervable in different
Shapes and Sizes about the green Weeds
%mminﬂ in Water, in feveral aromatic In-
ufions, and in the ftanding Water in the
Hollow of the Cabbage and | Teazle, but in
fuch Numbers in that which drains from an
Hcrfe-*Dunchﬂ ‘that they appear fometimes
as thick as Bees in a Swarm, or Ants on an
Hillock, and muft be diluted with fair
“W ater to feparate their different Speciés.
The
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The Animalcula in the Semen virile are, of
all the Subjets, moft worthy our Notice
and Admiration, becaufe from this little
fhapelefs Creature we have Reafon to be-
lieve that the glorious Frame of Man him-
felf arifes , and this the rather, becaufe in
the Seeds of Plants and Trees the Microfcope
difcovers the future Plant and Tree already
formed, and the Semen mafculinum of other
Animals, as Bucks, ¢5c. are found to be
furnithed with its Awimalenda : Where it is
to be remarked, that fometimes the Vifcidity
of the Semen hinders the Succefs of Obfer=
vations of this kind, and muft in fuch Cafes
be diluted with a little warm Water. This
Theory of Generation is handfomely and at
large explained in the Philofophical Tranf-
attions by Dr. GarpeN.  The Ufe of Mi-
crofcopes has found that loathfome, catching
Diftemper the ITzch to be occafioned by the
Depredations made upon the Skin by a cer-
tain Species of voracious Animalcula, which
are defcribed in the Philofopbical Tranfac-
tions by a Foreigner in a Letter to Dr. MeAD;
and indeed feems to promife the finithing
Hand to the Science of Medicine : For if we
can once, by a fufficient Number of Expe-
riments, determine the different Change of
the Texture of the Blood in every different
Diftemper from that which it enjoys in its

natural
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natural and healthful State, and by mixing
the fmalleft Particles of feveral Medicines
with it, find out thofe which will again re-
duce it to that natural State, there feems
to be nothing more wanting to the praéfic
Part ; and if the true mechanic Theory of
all thefe different Changes be ever to be
known whilft we live in this Cloud of Flefh,
I'm fure we muft have the Data for it from
the Microfcope.  'The Method of eftimating
the Magnitude of microfcopical Objetis feen
by a fingle Lens only, being fo eafy that
any one who knows ever fo little of plane
Trigonometry will eafily hit of it himfelf, is
not mentioned in this Book ; befides that
it is already given by Dr. KercL in his Phy-
fical Leﬁgﬁrﬂ; where he fhews that an
Animalculum placed at the Diftance of % of
an Inch before a fingle Lens, and feen
through it under an Angle of one Minute in
Length, 1s neatly —.'s55 of an Inch long; and
if its Figure were cubical, the Magnitude of

it would be ;s Zsssses of a cubick
Inch. From whence he concludes with a

great deal of Reafon, that what fome philo-
fophical People dream of Angels, may very
well be applied to thefe Aunimalcuia, that
when they have a mind to be merry, feveral
thoufand Couples of them may lead up a

Country-Dance upon the Point of a Needle.
I am
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[ am fenfible I need fay no more in Re-
commendation of the Subjeét: And for fo
much of the Book as is Dr. GREGorY’s, the
very Name of the Man gives it {ufficient
Reputation. But I am confcious that Part
which I have attempted to add ftands in
need of fome Name to recommend it with
which the World is much better acquainted
than with mine: And for that Reafon I have
obtained the Favour of making ufe of thofe
- of Dr.Desacuriers and Mr. JoNEs;
Gentlemen againft who{e Judgment in thefe
Matters their Approbation of the following
Papers is the only poffible Objeétion ; and
whofe Names can never fail of meeting with
that Efteem which they deferve, when fixed
to any thing of their own, however they
may happen to be treated for appearing in
this Place to recommend what is mine,

W. BRow NE.
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PREFACE

=T HESE Elements of Ca-
e toptrics and Dioptrics,
which aweve eleven Tears
ago read publickly in Lec-
= tures, in the Univerfity of
dmborough (1684) I have compofed for
the Ufe of young Students, in [uch a manner,
that nothing but EucCL1D's Geometry is
vequived towards the underflanding them.
For though I bave likewife demonfrated
from higher Principles, why Spheres and
Conoids obferve the fame Laws, both
refleéting and vefralimg Light 5 yet thofe
who are f[olicitons only about the Proper-
ties of Plane and Spevical Surfaces, may,
without the leaft Inconveniency, pafs over
all that. Thefe laft ave what we have
more efpesially confidered, as alfo fuch
Optical Infleuments as ave made by a
a Combina-




FERET ACTE:
Combination of them 5 that is, whofe
Eﬁf?.r avife cither from a ﬁngfa Lens or
Speculum, or from [everal combined toge-
they. I have, as KEP LER did be-
fore me, made ufe of fome Poftulata,
that come mot quite up to Geometvical

Srrszuqﬁ, but yet ave of grear Service
in vefolvimg Queftions in Natural Philo /o p}y
which would otherwife be extremely intri-
cate. If thefe Elements be found capa-
ble of nflrutting fuch as are lefs conver-
fant in Optics, T fhall have: m] Eﬂd

Oxon. 1695

INTRO0-
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a=well HO S E Queftions concern-
{34 ing the Nature of Lucip
Bopi1es, and of LrcuT,
which ufually coft Philofo-
phical Writers fo much Pains
) and Trouble, we have, after
the Example of Mathematicians, omitted.
For if they, who by their Inventions, have
fo much improved this Science, had employ-
ed all their Time in enquiring into the
abfolute Nature of its Objet, and the
moft hidden Caufes of its Phenomena,
not contented with deducing after 2 Geome-
trical Manner from thofe more fimple and
cafily obferved Properties of Light, others
lefs obvious ; Optics had fallen much fhort
of that Perfeétion to which they are now
arrived. Therefore whether Light be the
Action of the lucid Body driving on thofe
Bodies that lie next it, which likewife drive
on others next to them, and {o on of the
reft, none of them in the mean time fin-
gly moving any confiderable Space ; or
whether it confifts, whichis much more
likely, of Corpufcles projected with a very
great Velocity from the lucid Body thro’
the circumambient Spaces ; or whether it
be of a quite different Nature; and fuch as

d 2 may
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may hereafter, or perhaps never, be per-
feétly difcovered ; yet we may ea{' ly be al-
lowed to aflume this Property. of rtB, which
is fimple enongh, and confirmed by Expe-
riments, That from every lucid Point, Rays
are every way propagated in an Orb and,

in a Medium that is homogeneal, are dif-
fufed in right Lines (fuch being the fhorz-
¢ft) after the {ame uniform Tenour.

But if thofe Rays meet with a Medium
differently affeCted, whofe Parts either
firike them back, or diffufe them more or
lefs than the Parts of the former Medium
did, they will then fufter an Juflexion, by
. general Name, I would, with other
Authors, underftand their Reflexion, as
well as RefraGion. For Light ﬁrlkm‘?
upon a Surface, thdt abfolutely denies it
Entrance, but yet hinders not its being dif-
fufed after the fame manner as before, will
all of it return back the ealieft way it can
tind, diffuling itfelf fill as at firt ; chis
is called Rqﬁex:m of Light, and the Sci-
ence which treats of the Laws it obferves,
according to the different Incidence of Rays
upon Bodies of different Figures, is called
Catoptrics, But if the Medium, upon
which the Light firikes, allows indeed a
Paflage to its Rays, but then fo as that
they muft be either more or lefs diffufed
than before, every Ray will be infle¢ted

from
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from the right Line, in which it was bes
fore difpofed to proceed, and this Inflexi=
on is called Refrattion 5 and the Science
which demonftrates the Laws and Effets
of it, is called Dioprrics.

The Radiant is that, from every Point
of which Rays are propagated.

Parallel Rays, are fuch as are equi-di-
{tant from one another. '

Diverging Rays, are fuch, as if pros
duced both ways, meet on the Side contra-
ry to that towards which they move.

Converging Rays, are fuch as, if pro-
duced, meet on the fame Side towards
which they move.

It mult be obferved, that this Parallelifm;
Divergency, and Convergency; is to be un-
derftood of Rays proceeding all from the
fame Point.

The Focus is that Point, in which Rays
proceeding from the fame Point of the Ra-
diant, being produced, do meet ; whence
the Focus of parallel Rays is looked upon
as infinitely diftant.

The
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- 'The Angle of Incidence, is that which
1s made by the incident Ray, and a right
Line perpendicnlar to the inflecting Surfat:e
at the Point of Incidence.

. The_Angle of Reflexion, is that which
is made by the refle¢ted Ray, and the fame
Perpendlcular

The Aﬂgz’e r:?f Refratiion, is that which
is made by the refraéted Ray, and the
fame Perpendlcular produced.

The two following Propofitions - we
have aflumed for Axioms, becaufe they a-
gre¢c both * with Geometrical Reafoning
and Experiments.

PR TO M

1. A Ray of Light falling perpendi-
cularly upon an inflecting Surface, either
proceeds dire&tly forward, or is reflected
back upon itfelf. For fince the Directi-
on of the Ray to the infle¢ting Surface 1s,
of all that can be drawn from the radiant
Point, either the leaff, if the infleting
Suzfau: be a Plane, or perhaps, where this
Circumflance is wanting, the greatef, and
in both Cafes a determinate, and only one
of .its kind; the Ray will ftill perift in

the
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the fame Dire&ion, either proceeding for-
ward, or returning backward. For there
are innumerable right Lines inclined to
this only one in any given Angle, no one
of which can confequently claim to its felf
the Dire&tion of the Ray with greater Ju-
ftice than the reft.

2. If a Plane be fuppofed, produced
thro’ the incident Ray, and a right Line
perpendicular to the infle¢ting Surface at
the Point of Incidence, the infleted Ray
will likewife be found inthe fame Plane ;
or, which is the fame thing, every Inflexi-
on is made in a Surface that is perpendi-
cular to the inflecting Surface. And this

Surface fhall] according to ALHAZEN,

be called the Plane of Inflexion. TFor
fince this Plane is cither the /leaft or great-
¢/t of all that can be produced thro’ the
radiant Point; to the infleting Surface,
and confequently an only one, the Propofi-
tion is demonftrated after the fame manner as
the former: And indeed if we more clofe-
ly confider it, we fhall find the former to
be only a particular Cafe of this latter.

=H P
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ELEMENTS

CATOPTRICS

Prigy. konwFhtor ok

F @ Ray of Light be refletted from a

plane Surface, rﬁf Angle of Reflettion
will be equal to the Augle of Iucidence.
[Plate 1. Fig 1.

Tho' the Demonfiration of this Theo-
rem belongs more properly to Phyfics,
and a Mathematician might very well take
it for granted, as fi ufﬁcwmly proved by Ex-
periments; yet in Compliance to Cuftom,
we fhall here give a Demonftration of n‘
and That fuch a one, as thall have no De-
pendance upon any Party of Philofophers
whatever,

B Let
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Let AB fignify a Ray proceeding from
the Radiant Point A, and falling upon the
plane refle¢ting Surface, G C at B. . 1 fay
its refleéted Ray BE will be fuch, that
the Angle of Refle¢tion PBE (B P being
fuppofed perpendicular to G C) will be
equal to the Angle of Incidence P B A.

From the Radiant Point A, let fall A C
perpendicular to the Surface GC. All the
Rays comprehended between AB and AC,
and which poflefs, in the reflecting Plane,
the Right Line BC (the common Settion
of the Plane of Infle¢tion with the réfletting
Plane) would, if the Medium G C de
were penetrable to Lzght and homogeneous
with the former EBCD, be diffufed in
the {fame conftant Tenour; that is, at the
Diftance Be beyond G C, they would be
diffufed into de, ABe and A Cd being
fuppofed Right Lines. And fince, by Sup-
pofition, the plane refleCting Surface B C,
neither encreafes nor diminifhes the Dif-
fufion’ of thofe Rays (for if it were other-
wife, which no Experiments yet give us
any reafon to fufpeét; it is plain the Angle
of Refleétion as well as of Refraétion
would, for the fame Reafons, become un-
equal to the Angle of Incidence: For the
due infle€ting of which Rays, CArTEs1US,
has contrived {fuch Conoids as are proper,
(Geom. lib. 2)but only ftrikes them back upon
the fame Medium in which they were be-

forc 3
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fore ; that is, upon a Medium where the
Rays are difperfed or diffufed after the
fame manner as at firft; it is plain, that af-
ter they are reflected from the Surface G C,
the Rays will be difperfed after the fame
manper, as they would have been, if ithey
had never met with the Surface C G, bur,
(that being removed,) had ftill remained in
the fame Medium. In which cafe,  when
the Diftance is increaled by the Excefs Be,
the Rays would be difperfed thro’ the
Space ¢d.. Wherefore it is plain, that at
the Diftance B E equal to Be, they will
be difpers’d thro’ the Right Line D E, e-
qual to the Right Line de. But the Ray
A C is refleted upon it felf, wherefore
DE is equal to de, and the Figure B C
DE every way fimilar and equal to the
Figure BC de; and indeed is the very
fame refleted, or revolved half way about
the fixed Right Line BC. Therefore
if from the equal Angles EBC, ¢BC, the
right Angles PBC, ABC be taken a-
way, the Angles EBP, ¢ Bp will remain
equal. But ABP is equal toeBp, there-
fore the Angle of Incidence PB A, is e-

qual to the Angle of RefleGion P B E.
% E. D,

B 2 ScHo-
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ScHoriUuM,

In laying down this Law of Refle&ion,
whereby the Angles ABP, EBP, are
made equal, great Refpeét is had to the
Maximum and Minimum. For the Sum of
the Right Lines A B, BE is a Minimum;
that is, lefs than the Sum of any others
drawn from the fame Points A and E, to
any other Point of the Plane G C: "and fo
vice wverfa. TFor it is requifite that the
‘Courfe which the Ray (refle¢ted from the
Plane G C) takes from A to E, thould be
the fhorteft of all. Becaufe Narure ever atis
by the moft eafy and expeditious Methods.

But if the Reflection be from a curve
Surface, the aforementioned Sum of Rays
(or perhaps their Difference) is fometimes
a Maximum. For Mathematicians know
how near the Relation is between a
Maximum and a Minimum, between the
Sum and the Difference, and how eafy
the Tranfition is from one to the other.

oRoL %

Hence the Angles EBG, A BC (which
are likewife by fome call'd the Angles of
Incidence and Refleétion) are alfo equal:
for they are the Complements of the former
to right Angles, -

_CU'R QL.
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Coror. 3.

- If the Refle€ted Ray be looked upon as
an Incident Ray, the Incident Ray will

vice verfa, be its Refle¢ted Ray.

Coro1 3.

~ If the Angles PB E, PBA; or the
Angles GBE, CBA be equal, BE will
be the Reflected Ray belonging to A D.

Pro? Il. " Prassil

HE Focus of Rays falling upon a
plane Speculum being given, to find
?

e Focus of thofe Rays after their Reflec-
tion from the Surface of the Speculum.
[Plate 1. Fig.2.] . |

From the given Focus A, draw the
Right Liner A C perpendicular to the
plane Speculum C¥, which produee to a,
that C 2z may be equal to CA; « will be
the Focus required. Let A D be an inci-
dent Ray, jon 2 D, and produce it.

Becaufe in the Triangles ACD, 2 CD
the Sides A C, 2 C, are equal, and the Angles
ACD, aCD al{oequal, becaufe both right,
-and the Side C D s common to both, there-
fore the Angle AD Cis equal to 2 D C; but
aDC isequal to EDF; therefore ADC,
oy EDF
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EDF are equal.  And confequently D E,
by Corol 3. Prop. L is the Ray reflected
from the plane Speculum CF, belonging
to AD. The fame may be thown of any
other Ray, proceeding from the Point - A,
and falling vpon the Specu/um. TFrom
whence it 1s plain, that thé Rays diverging
from A, .after their Reflection from the
“%'lﬂnc':SFEEﬂfﬁfﬁ. CF, will divcrge from the

oint ¢ thar is, thofe Rays, whofe Focus
before RefleCtion was A, will after their

G HB LT UM, 4

' Since the Eye in any Pofition, as at O, -
will receive the Rays thus reflected, after
the fame manner, as if they really had
proceeded from the Point ¢, it is plain the
Image muft appear in that Place: Becaufe
the Rays diverging from the Point @,  af-
fe& the Eye after the {ame manner, :as if
that. were the primary Radiant,

3 (1 & &8 o hatng

.. From this Prop. and Cool. 2. Prop. 1
it follows, that the Rays ED, O B con-
verging towards the Fugus a,, will after
their RefleGtion from the Speculum C.F,
«converge towards the Fogus A: and that
fuch a Pofition of the Plane CF, may, be
: ki cafily
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cafily afligned, asfhall make the Angle
O B A equal to any given 'Angle; which
is done by taking O BF equal to half the
Complement of the given Angle to two

right ones,

CoroOL, 2.

It a plane Speculum, the Image of any ra=
diant Point is feen in that Place where the
Refle¢ted Ray O B which paflcs thro” the
Centre of the Eye, meets with the perpen-
dicular A C, let fall from the radiant Point
upon the Speculum. Whence, tho’ every
part ofthe Speculum, except B, were covered
or taken away, the Image would neverthe-
lefs be vifible: and if the Specaluin at B'be
covered, tho' all the reft be 6pen, the Image
will not be feen at all,

Coror j.

The Images of Objeé&s that are inclined
to the Plane of the Speculum, are inclined
to the plane of the Speculum after the fame
manner as the Objects themfelves; and there-
fore in a plane Horizontal Speculum, vertical
Objeéts appear inverted. =

This and what follows will be eafily un-
derftood, if the Obje&t be conceived as
made up of f{everal radiant Points; and
the Image of every one be attended to:
For of all thefe together the Image of the
Object confifts. Coror,
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CEIJROLi' G

A radiant Plane and its Image made by
a plane Speculum, are equal and fimilar
Figures, but not fimilarly placed. They
differ as the Right Hand from the Left,
or as a Figure erigraven upon a Copper
Plate, does from the Impreflion of it taken
upon Paper. For they will fic if they come
together. | :

CoROL. § |

Becaufe the Right Line ¢ B is equal to
‘AB, a0 will be equal to AB and BO
together; thatis, the Diftance of the Image
from the Eye, is equal to the Incident
and refleéted Ray taken both together.

(GO.R0 T, 0

‘Whatfoever has been faid of the Image
of any Obje& or primary Radiant, holds
true alfo of the Image of another Image.
From whence arifes that Multiplication of
Images, made by two or more plane Specu/a
duly pofited; in which it is principally to
be obferved, that the Diftance of any Image
from the Eye, is equal to a Ray propagated
from the primary Radiant, thro’all the in-

termediate Reflections to the Eye.
Lk M-
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L E MM A.

A Ray of Light is infle¢ted by a curve-
Surface after the fame Manner, asit wou'd
be by a plane Surface, touch-

ing the Curve in the Pointof  Fu. 3.
Incidenec,

Let P Q be any curve Surface, (for here,
in the Figure, aslikewife in all Cafes here-
after, the common Sections of the infleéting
Surface, and the touching Plane, with the
Plane of Inflection, are ufed for the inflecting
Surface; and the touching Plane themfelves :
becaufe every Infleétion is perform’d in the
Plane of Inflettion, as is demonftrated in
Axiom 2.  And for the fame Reafon in the
Room of a {olid Figure, we make ufe of a
plane one defcribed m the Plane of Infieti-
on ; which {aves us a great many Words)
upon which the Ray A B falls at B.
Now fince the Ray is of a Thicknefs
not confiderable, the Particle, in the Curve
Surface B, ‘upon which it falls, will be ex-
tremely fmall. But the Inclination or Di-
rection of the Curve Surfacc at B, 1s the
{fame with the Inclination of the Plane
D E touching it in that Point : Wherefore
the Inflettion which depends upon the Di-
rection, is likewife the fame, whether it
be conceiv’d, as occafion’'d by the Particle
B in the Curve Surface P B Q, or in the

- &> plane
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plane one D B E. For as to the Inflection
of the Ray A B, it matters not how the reft
of the Surface is bent, if the Inclination of
the fmall Particle B, upon which it falls,
does but remain the fame.

It wou'd be eafy to demonfirate the fume
Thing, as the Antients did, from hence,
that the Angle of Contat D B P, or E
B Q, is lefs than any rectilineal one ; and
that a Plane may be found {o inclined to
the Plane D B E, that the Difference be-
tween the Inflettions that are made by
them both, fhall be lefs than any given In-
fleGtion. For from hence it will follow,
that the InfleGtion of thc Ray A B, made
at the Particle B of the Curve Surface, is
no way different from that which is made at
the Particle B of the plane Surface D B E,
touching the Curve Surface in B.

. ¥
Propr. LIL. Pron B

O fiud the Focus of Parallel Rays
R falling upon a given Spherical Spe-
culum, (or t0 find the Image of a vaflly
diftant radiant Poiut) with refpett to
an Eye placed iy the Axis of the Specu-
lum, “ewbich is parallel to the incident
Rays.

Thro’
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Thro' A the Centre of the Speculum,
draw the right Line A B parallel to the
incident Rays, meeting the Specu/um in B.
Biffe& A Bin C, 1 fay C is the Focus re-
quired.

In this, as well as in all the following
Propofitions, we {uppofe the Point D to
be extremely near the Point B. And this
1s neceflary, in order that the refleGted
Ray belonging to the incident one E D,
may meet with the Eye, which, by Sup-
pofition, is placed in A B, or ‘the fame
produced : For the refle¢ied Rays belong-
ing to thofe that fall more remote from
the Point B, do, after their diverging from
their Focus, pafs beyond the Pupil of the
Eye ; and confequentiy contribute nothing
towards feeing the Image. Befides, of
thofe Rays that enter the Pupil of the
Eye, they that fall molft di!‘Effll} near-
eft the Middle of the Pupil ; (that is, that
are refleted from thofe Points that are
neareft to the Point B,) conduce more to-
wards feeing the Image, than thofe that en-
ter the Eye near the Extremes of the Pu-
pil : Becaufe thofe that fall moft direttly,
and clofe to one another, move the Senfe
more forcibly, than thofe that fall more
oblique and {catterd. For which Rea-
fons, we need have refpect only to thofe
that fall neéareft to the Pertex B, which

holds good in all the Propofitions following.
C 2 Let
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Let E D be one of the pa-
Fig.y.  rallel incident Rays. Draw
A D, CD, and produce them.
Becaufe the Point D almoft coincides with
B; C D will be nearly equal to C B: But
by Conftruétion, C A is equal to CB;
therefore C A, C D are équal ; and there-
fore the Angle C A D, CD A are like-
wife equal. But the Angle C AD isequal
to ED A, which is the Angle of Inc1—-
dence ; for the richt Line A D is perpen-
dicular to the Surface of the Sphere. Whence
the Angle CD A is equal to the Angle of
Incidence of the Ray E D. Therefore, by
Corol. 3. Theor. 1. D C is the reflected Ray
belongmg to the incident one E D, More-
over. the Angles at the Pertex, E D A,
Do, and CDA, NDo bemg equa]
the refleéted Ray N D, belonging to the
Ray ¢ D-parallel to B A, and falling up-
on the convex Surface, will, if produced
backward, go to C. And what is demon-
ftrated of any one Ray E D taken at
pleafure, is true of all the reft in the fame
Circumftances. 'Wherefore, fuch Rays as -
are parallel to A B, and which, when re-
fle¢ted, conduce to Vifion, if they fall
upon a Concave Sphere, are, after Re-
flection, colleéted in C : and from thence
‘again dwcrgm make the image to be
feen in that Place by an Eye placed in
the Axis. The refleted Ray belonging

{o
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to the very Axis it felf does alfo, as it were,
diverge from the Point C, in the Middle
between B and A : For the fame Thing
happens to it, as to any other Ray re-
fle¢ted from B D, that cuts the right Line
A B in a Point equally diftant from the
Centre A, and the Point of Incidence. But
Rays that fall upon the Convex Side, do
after Reflection, diverge from C, and make
the Image appear in the Point C, (or which
is all one, in a Point whofe Diftance from
C islefs than any given one) to an Eye
placed in A B produced. 9, F£. D,

CoRroL.

Hence, and from Corol. 2. Lbeor. 1. it
follows, that Rays diverging from C, and
refleéted from the Concave Surface, or
converging towards ‘C, and refleted from
the Convex Surface, will be parallel to the
right Line A B, joining the Centre of the
Sphere, and the Point C.

Scuorivm Fig.s.

If with the Vertex B, the 4xis BG, and

a Parameter equal to the right Line F B,
a Parabola be defcribed, it will be the Zeaff
of all that can be circumf{cribed about the
given Circle F B; or the Circle F B will
te the greateft of all that can be infcrib;d
with-
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within that Parabola, by Coro/, 1. Prap.
XX. lib. 1. Viucentii Viviani de Maxi-
mis €3 Minimis. And this Circle and Para-
bola will, at the Point B, bace the [ame
Degree of Curoity, (to ufe KEEPLER's
Words, in Cap. VII. Prop. XX. Parali-
pom. in Vitellionem) and are there moft
intimately united. For as the Contaét of
Lines is' equivalent to two Interfeétions,
and is really no way different from two In-
terfections infinitely near to one another,
4s Mathematicians know: very well, and
for the fame Reafon Surfaces that mutual-
ly touch one another, have the fame Pow-
er ininfle¢ting Raysthat fall upon the Place
of Contaét, and in producing other Phyfical
Effeéts, as is'thewn in the foregoing Lem-
‘sna : So this more intimate Union; and
“which is equivalent to four Interfections,
and confequently the moft intimate that
can be between 'the Circle and conick
Seétion, (as the Contact between this laft
and a right Line is of all' the moft in-
timate) this, I fay, will, in Phyfical Effeé&s,
that depend upon Surfaces generated by
the Revolutions of thefe Lines, produce
a farther Equipollency. For as Rays that
are parallel to' G B, are by the concave
Parabolick Conoid B D, reflected exattly
to its Focus C, which is diftant from the
Vertex B, by a fourth Part of the Parame-

ter of the ‘generating Parabola ; fo the
fame
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fame Rays reflected from the concave Sphere,
are collected very nearly in the {fame Point;
and the fame Speculation holds in feveral
other Phyfical Matters.

P ar.dV.. P RreB 1. 1H.

' l 'H E Yocus of Diverging Rays being

given, whofe Diftance from a given
concave Spherical Speculum, is greater than
the fourth part of its Diameter ; To find
the Focus of thfe [ame Rays after their
Reflettion from the forementioned Specu-
lum, with refpeit to an Eye placed in its
Axis. . Fig, 6.

Through A the Centreof the Sphere, and
the given Focus E, draw a right Line,
meeting the Spherical Surface in the Pertex
B; this I call ke Axis of Radiation ; and
fuppofe the Eye tobe placed init fome where
or other. In this right Line take the Point
C fuch, that BC may beto CA, asBE
isto E A.-1 {ay Cis the Focus required.

Let any Ray proceeding from E, fall
upon the Concave Surface of the Sphere at
the Point D, near enough the Ferzex B,
(for we have nothing to do with thofe that
. fall more remote, becaufe after Refleétion
they affe¢t not the Eye placed in E B, as
has before been thown) in which Cafe ED
will be nearly equal to EB, and may in

Phyfical
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Phyfical Matters be taken for it, Draw
AD, CD. After the fame manner CD
isequal to € B; and from whence by Con-
firuction CD willbe to CA, as D E to
E A. And inverting the Proportion, CD
isto DE; as CA to E A. Wherefore by
Euc. Elem. VI. 3. the Angles A D E,
AD C are equal ; but AD E is the Angle
of Incidence of the Ray E D, and confe-
quently D C (by Corel. 3. Theor. 1.) is
the Ray E D refle¢ted from the concave
SpecuJum. And fince the Ray ED is ta-
ken at Pleafure, it is plain the Focus of
all the Rays diverging from E, after Re-
flection, will be in C, with Rf:f et to an
Eye placed in the Axis E B, 9. E. D.

COROT.

Hence likewife will be given the Focus
C, of Rays ¢ D converging, in the foremen-
tioned Circumftances, towards the given
Focus E, and reflected from a given eonvex
Sphcrical Speculum.

ScHOLIUM. ng. 7:

Rays diverging from E, arc reflected
from the Concave Sphere B D converging
to C, for this reafon ; becaufe the Circle
BD deferibed on the Centre A (by whofe .
Rotation the Sphere is generated) has the
{fame Degree of Curvity with an Elipfis,
defcribed upon any Foes € and E (found

as



The Elem=nts of Catoptrics. 25

-as in the faregwg Prop.) through B, and
genesating an oblong Spheroid, by whlch
as is commonly known, Rays dwergmg
from one of the Foci, are from the concave
Surface refleted, converging towards the
other of them.

Draw the lefler Sems-axm H K, join the
right Lines CK, E K, each of which are
equal to the Sﬂm-.«:zmr B H. From the
Centre H upon CK, let fall the perpendi-
cular HI.

Itis plain I K is half the Latus Rettum
belunﬂmg to the Axis B G, becaufe it is 4
Third proportional to the nght Lines CK
and H K. ( Which is alfo true, if from H
the Point of Interfection of the greater 4x-
i5, with the right Line KH bifcé‘tmg the
An le comprehended by the right Lines
drawn from the Foci to any Pomt of. the
Curve, a right Line be lct fall perpendicu-
lar upon either of the forefzid right Lines. )
And confequently C L is half the difference
between the greater 4xis and its Latus
Reilum ; and is alfo a Third proportional
to the right Lines, K C, CH, that is, to
the greater Semi-axis, and half the diftance
of the Foci. Again, (by the Conftruction
in the preceediug Prop.) B Cis to CA,
as BEto EA; from whence by changiug
and inverting the Proportion, B E will be
to BC (EG) as AE to AC. Therefore

BE4+EG. BE—BC:: AE 4+ AC.
D A



AE-—A(_. that is] ‘EG is to Q. B} asCE
©0AE < AC: ‘And takmg thie halves of
them, B H is'to HE, as HC'to H A:
That i H A“fs @*Third | proportional to
the greater Semi-a¥is, and half the Dif-
tance, of the Foei ; whenccmit is equial to
half 'the difference between tﬁe greater Ax-
isiand its ‘Latsis - Rectum. Whefeforé
A BUis' half the “Barus Reftdm. - And
cdnﬁ:quenrky the Cirele BD i’ (by Corol.
1. Prop. XX. lib. 1. Vine. VEWM) the
rbateﬁ of ‘all that can touch the‘iElhpf §
G on the'itifide at B - Wherefore (as is
ﬁmwﬁ in the Seholisim of “the preceeding
?E"r b 1 thl m "B*haﬁ.rf: the fameﬁuﬁrwty
with’ Thc forementioned ‘Eilipfis.” From
whehiee it ‘comes to pafs,  that a’ Sphere
thence generated, ‘perfornis the fame Thing
i reflecting véry rearly, which a Sphcrmd
gcncfatcd by th; Eilrphs dcc& rxa&iy

il

St Ll

01 TR e
: PROP V P!{OBI. IV.

HE Focu* of a’z-zergzﬁg Rays 55':?:5
giveil, whofe Diftance from a given
Concave Speculumy, 7s /efs than the Fourth
Part of the Diaineter of the Speculum ; To
[find tbeir Focus after Rqﬁ'ﬁﬁi‘wm from 1he
forementioned Spccu’lum With r.e_@?fff 10 4n

Eye placed in thé Axis.  Fig. 8
’I‘hmugh
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Through A, the Centre of the Sphere,
and the given Focus, E, draw a right
Line, mceting the Spherical Surface in B.
In this take the Point € fuch, that.'B C
may be to C A; as BEto EA. I fay C
is the Foous required. . A
. Let E D be any one of the incident
Rays, draw A D, CD, and produce them;
draw likewife the right Line, E R, pa-
rallel to the right Line CD.

Since the Arch BD is extremely fmall,
ED, EB, and CD, CB will be equal.
Wherefore ED isto EA, asCDto CA;
that is, becaufe (D C, E R are parallel) as
ER to EA ; therclore the right Lines,
ER, ED, and confequently the Angles,
ER D, EDR are equal. But E DR.is
the Angle of Incidence of the Ray ED,
and ER D is equal to its alternate ND A,
wherefore (by Corol. 3. Theor. 1.y DN
-is the refle¢ted Ray belonging to the inci-
dent'one ED,  And fince E D i1s taken at
pleafure, it is plain that all thé Rays pro-
ceeding from E, after they are refleéted
from the Concave Spherical Surface, will,
if they be produced backwards, meet in C,
or will have their Focus in C. 9, E. D.

D2 Coro1.
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Cororl.

Hence, and from Corol. 2. Theor. 1.
may be found the Focus E, of the Rays
N D, converging towards a given Focus C,
and refleéted from a given concave {pherical
Surface B D.

- y = .

PrRoP.. VI."PRGOGH.V

HE Focus of Diverging Rays being
iven; To find their Focus after
Refleztion from a given Convex fpherical
Speculum, with relgeﬁ‘ to an Eye placed in
the Axis. Fig. 9.

Thro’ A, the Centre of the Sphere, and
the given Focus E, draw a right Line
meeting the {pherical Surface in B : In this
take the Point C in fuch manner, that AC
maybetoCB,as AE o EB. Ifay C is
the Focus required,

Let ED be any incident Ray proceeding
from E,draw CD and produce it. Tothis
thro’' E; draw E R parallel, meeting the
right Line A D, produced in R. The Arch
BD being evanefcent, for the Reafons al-
ready given, CD will be equal to CBé

. an
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and ED to EB; and therefore AC is to
CD, as AE to ED, but becanfe of the
equi-angular Triangles ACD, AER,AC
is to CD,as AE to ER. Therefore A E
isto ED,as A Eto ER. Wherefore ER
is equal to E D. Therefore the Angle
ERDjor its equal NDR, is equal to the
Angle EDR, thatis, to the Angle of In-
cidence of the Ray ED. From whence it
follows, that DN is the refleéted Ray of
the incident ED. And fince ED is taken
any how, it is plain, all the Rays diver-
ging from the Focus E, and enuing the
Eye, whofe Pofition is given, will, after
their RefleGtion from the convex {pherical
Surface B D, diverge from the Focus C.

CoRrol.

Hence may be found the Fucus E, to-
wards which the Rays N D (converging
before Reflection towards a given Fucus
C, whofe Diftance from the Speculum is
lefs than the Fourth Part of its Diame-
ter,) do, after their Reflection from a gi-
ven convex Speculim, converge.

ScroLIUM. Fig. 10.

It had been eafy to have explained and

demonfirated thefe two laft Propofitions,
and
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and their Corollaries, in the fame Words,
and with different Figures, but this would
have bred Confufion to Beginners. How-
ever, one Scholium will ferve for both, to
fhow that the Circle B D has thefame De-
oree of Curvity, with the Hyperbola de-
fcribed ‘upon the Foci C and 'E; through
the Point B, by the Rotation of which
Curve round its 4xis, isgenerated the Sur-
face of an Hyperbolick Conoid, performing
cexactly the propofed Reflection:

Draw: the “{fecond Diameter XK M. /To
the joined right Line BK, ere& K L per-
pendicular, meeting the Axis. G B in L,
and HL will be a Third proportional tothe
right Lines, BH 2nd HK, and confequent-
ly equal to half the /atus Retium belong-
ing to the Axis BG. And fince, from the
Nature of the Foci, the Reétangle GCB
is equal to.the Square of the right Line
K H; adding to both the Square of BH ;
the Squares of the right Lines BK and HC
will be equal: Wherefore B K, H C are
equal.. And becaufe of the Re&tangular
Triangle BKL, BL, or the Sum of half
the Tranfverfe Ax/is, and half the Zatus
Rettum, is a third proportional to the right
Lines HB, BK; or to theright Lines H B,
H C; That is; to half the 'Tranfverfe 4x-
is, and half the Diftance of the Foci.
. Again (by the Conftruétion in the 770
prececeding Prop.) BCistoCA, as BE

to
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toEA. Wherefore BEisto EG,as AE
to A C. Therefore BE—EG. B E 4
EG:: AE—AC. AE+ AC, thatis,
BGisto CEjas CEto AE--AC. And
taking the halves of thém, BH 1s to CH,
asCH isto HA: Thdtys, HA is a third
proportional to-half the Tranfverfe Axis,
and half ‘the Diftance of the Fyesi There-
fore H A is equal to BL, or 'to the Sum
of half the Tranfverfe Ax7s, and half the
latus Rettum. -~ 'Wherefare A/B is half the
fatus ReGtum, and confequently the Cir-
cle BID is. (by Corel. 1. Prop. 20. /ib. 1.
Fiue. Viviaui) the greateft of all that can
touch the Hyperbola B G on the infide at
B.: Therefore, as has been thown already,
it"is equally cturve in B with the Hyperbo-
la. And hence it is, that the Surface of
the: Sphere, generated by the Circle, per-
forms cery nearly the fame Thing in reflect-
ing, which the Surface of the Hyperbolick
Conoid does exaltly: That is; it changes
the Focus of the Rays E, into C; or 'the
Focus C into E, as has been fhown in
Prop. V. and VL

Pror.
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Pror. VIL #ProB VI

H E Focus of Rays falling upon a
given [pherical Speculum leing gi-

ven s Do find theFocus of the [ame Rays
after Rqﬁe&wu, with re(peit to an Epe
“(even any where out of the Axis) givenin

Pofition. TFig. 2.

Hitherto we have fuppofed the Eye pla-
eed in the Axis of Radiation; that is, in a
right Line drawn through the radiant Point,
and the Center of the refletting Sphere,
both becaufe moft optical Inftruments are
made after this Manner, and becaufe the
Image feen by the Eye fo placed, 15 much
more lively and d[[hnét than any other, be-
caufe it is formed by Rays leaft fcattercd
and moft exactly refleCted, and wupon this
Account cha’ 'nges to it fclf alone the Ti-
tle of an Imaze.

But that it may appear that the Method
before ufed in’ conftruéting Phyfical Pro-
blems, and demonftrating them when con-
firuted, is more univerfal, and fufficient
to determine the Image, feen by the Eye,
however placed : Let the refleéting Sphere
be fignified by its greateft Circle BD whofe
Plane pafles thmuah the radiant Pmnt E,»
and O the Center of the Eyc. Itisrequi-
red to find the Image of the Point E made

by
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made by the refleted Rays, with refpe&
to an Eye placed at O.

[t is plain in the firft Place, that the
Image will be found fomewhete in the
refleéted Ray paffing thro' O. To find
that - Ray,  this Problem muft be {olved,
by which having two Points E and O, and
(in the fame Plane) the refle¢ting Circle gi-
ven; itis required to find fuch a Point m
~ the Circumference of the Circle, that a
Ray falling upon it from either of the gi-
ven Points fhall be reflected to the other
of them. And this is Prop. XXXIX. Lik.
V. Optice Albazeni, to which he has pre-
mifed 7 or 8 Lemmata, and is now com-
monly called Albazen’s Problem. 'I'he Pro~
blem is in its Nature [6/id, and not to be
conftruéted univerfally without the Inter-
{feGtion of a Conick Secétion with the
given Circle. The Conftruction of  this
Problem has been publifhed by feveral e
minent Geometers, Barrow; Slufius, &o
but moft elegantly by the moit noble C. Huy-
gens in the Philofophical Tranfattions,
No. ¢8. We proceed therefore to deter-
mine exaétly the Point it {felf C, where the
Image isfeen in the right Line O B, (drawn
as thofe famous Men have direéted ).

. Produce E By O B, till they agzin mect
the Circle in P and R. Bife& the Right
LinesBRy BP inS and A, and divide
S$P in C fo; that S Cmay be to C B, as
: E AE



34 The Elements of Catoptrics.

A E to E B. I fay the Image by the Eye
in O will be feen in C ; and not in the
Meeting of the reflected Ray DN with
the right Line E Q, joining the radiant
Point and the Centre of the Sphere, as
Euclid in Theor. 17. and 18. Campﬂ i,
and others would-have it,

Let the Ray E D fall upon the Point D,
very near the Point' B : For only thofe
Rays, that fall after this Manner, do, after
their Reflection, enter the Pupil of the Eye
placed at-O.. 'Thofe that fall at a greater
Diftance, after Reflection, - pafs befide the
Eye, and conduce nothing at all to Vifion.
Wherefore in inveftigating the Poimnt C,
where the Image is formed, D muft be
fuppofed to ceincide with B: In which
Cafe ED=E BjiCD & CBs AD=A B,
and SD=SB. Moreover, becaule OB is
the refleéted Ray of E B, the AnglesABQ,
S BQ will be equal ; and the Point D ap-
proaching near to B, and at laft coinciding
with it, the Angles ADQ, S$D Q coinci-
ding with the former ABQ; and SBQ (at
lealt being very little different from them)
will in that Cafe be likewife equal. But
farther, the Point D approachmc to B, the
ultimate Angles, or the {fmall and - evanef-
‘cent ones, DA B; DQB, DSB will alfo
‘be equal : For the Circle drawn through
Q, and the coinciding Points D and. B;
that is, defcribed on the /Diameter BQ,
md &1 ] , and
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and coafequently touching the Circle BP
QR on the infide, pafles through the mid-
dle Points of the right Lines B P BR.
howfoever drawn from the Point B: And
confequently the ‘Angles D A B, D QB;
DS B, in this Cafe, are in the fame Seg-
ment of the Circle paffing through the
Points D, B, S, Qand A. Thefe Things
-being laid down, which  follow from the
Coincidence of the Point D with B ; fince,
by Conftruction, AE 1sto EB, as SC to
‘CB, AE will be to D E, as SC to CD.
And fince in Triangles, the Sides are as
the Sines of the Angles fubtended by them ;
the Sine of the Angle ADO, or MDA,
‘will be to the Sine of the Angle DA B
as the Sine of the Angle CDS is to the
Sine of the Angle DSB becaufe there-
fore the Confequents are equa] the Ante-
cedents will likewife be equal ; and confe-
quently the Angles to which they relate,
namely AD M and CD S, are equal. But
‘1t ‘has becn fhewn before, - that the Angles
ADQ, SDQare cqual : Therefore the
Angles QD M, QDC, and thofe oppo-
fed tothem at the Fartex LDE, LDN
are equal. © Wherefore N/D is the refleéi-
ed Ray of 'the Incident one ED. And
the fame may be fhewn of the other Rays,
that meet with the Eye ac O ; namely, that
their refle¢ted Rays will diverge from the

Point C. " Wherefore to the Eye receiving
3 thefe
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thefe Rays only, the Image of the radiant
Point E, made by Reflection, will appear
at- C. . 0, B, H

CoRorag,

Hence it follows, that Rays converging
towards the Point C, will, after their Re-
fleétion from a convex fpherical Speculum,
converge towards E, and there form the
Image, for an Eye placed in the right Line
B E, any where beyond E, As likewife
that the Image of the radiant Point C, made
by RefleCtion from a concave fpherical
Speculum, will, to an Eye placed in the
right Line E B produced, as in A,- appear
in E, ¥ B

i CoRrom.i2

But if the radiant Point E be vaftly dif-
tant, then the Razio of the right Iine A E
to E B becomes a Ratio of Equality, and’
by Conftruction S Cis equal to CB: That
is, the Image of the vaftly diftant radiant
Point fituated in A B produced, made by a
convex or concave Speculum, with refpect
to an Eye placed any where in B R, or the
fame produced, will be in the middie Point
of the right Line B S.

The Eye being placed in the 4x/s of Ra-

-diation; that is, the right Lines B A and
o TR BS
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B S coinciding with the right Line BQ,
this fame Conftruétion ferves, and degene-
rates into the Conftrudtions of ‘the four pre-
ceding Propofitions. |

But the fpherical Surface being changed
into a plane one, then this Conftruéion
will be changed into that of Prob. I.  For
becaufe the right Lines A E, SC are in
that Cafe infinite, but their Difference re-
mains {till finite, the Ratio of them will be
a Ratio of Equality : Therefore E B and
B C, which are proportional to them, are e-
qual. From whence it is plain, that this
one Conftruétion of this Prob. VI. con-
tains all the former ones, as being more {im-
ple ; which is frequent in Geometry,

ScHoLIUM.

The fore-mentioned Properties do there-
fore belong to the Circle BDR, becaufe it
has the fame Curvity at the Point B, with
a conick Section defcribed through B upon
the Foci C and E ; which, as is known, re-
flets the Rays diverging exactly from C.
The Equality of Curvity in the forefaid
Cafe is from thence manifeft: T hat the Seg-
ment of the Diameter of the Se¢tion (pro-
duced if need be) cut by the equicurve
Circle, is equal to the Latus Retlum of
that Diameter : And wice verfa.

Pror.
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Pror. VII. Tureor. IL

HE Image of aradiant Plane Sur-
face made by a Spberical Speculum,
i5 alfo a Plane Surface. TFig. 12, 13.

Hitherto we have determined the Image
of any radiant Point with refpect toan Eye,
placed, either in the fame Axis of the
Specnulum with the radiant Point, or out
of it. From whence it is eafy to determine
the Images of radiant Bodies, becaufe made
‘up of radiant Points. But to the more eafy
Determination of it, as likewife to many
other Things belonging to Praétice, the
T beorem before us will not a little conduce::
In which we make ufe of that Image of any
Point, which is feen by-an Eye placed in
the fame 4x7s with the radiant, Point,  Fer
we fpeak not here of thofe Images, that are
feen by the Eyc in any other Pofition (which
yet may be determined by the Help of the
preceding Prop.) becaufe they are only fe-
condary and lefs confiderable ; efpecially
fince fuch an Image of a right Line has
been already f{ufficiently coniidered by the
famous Barrew, in Letl. Opt. XVI1. and
« XVIL.
~ Let any fpherical Specuium be fignified
by its greateft Circle B D, whofe Centre

is
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is A ; and the radiant Plane by theright Line
FE. From A upon FE, fuppoefe AE
drawn perpendicular, meeting the Specu-
ln 1n the Fertex B. Find, by fome one
of the preceding Prop. applicable to the
Cafe, the Focus C of thofe Rays after
Refle¢tion, whofe Focus before Incidence
~was E ; through this draw the Plane C'T’
parallel to ¥ E.. 1 fay that the Image of
the Plane F E made by the Spem!um, will
be placed in the Plane C T.

From any Point F of the radiant Plane,
to A the Center of the Speculum, {uppofe
the Ray F A produced, meeting the Specu-
Jum in D, and the Plane CT inT. The
refle¢ted Ray of the incident onc E D, is,
by Conftruction, CD; but let B H be
fuppofed the refleted Ray of F B, meet-
ing the Ray ¥ D .in H.

Becaufe the Angle F A E is, by Suppo-
fition, {mall, the Arch D B will be alfo
fmall, and almoft degenerate into a {mall
right Line. And the Circumference of  a
Circle defcribed on the Diameter B F, will
pals through the Points D and E; becaufe
of the I'lght AnglesFE B, F D B. Whence
the Angles BF D BED, in the fame Seg-
ment, are equal, And fince the Angles op-
-pnﬁ:d at theVertex A are equal, or the
fame, F B A, ED A will be likewife equal :
Therefore the Angles ABH, AD C, that
are by Prop. 1. equal to thefe, are like-

wife
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wife equal. Whence the Triangles A BH,
A D C are ecquiangular, and conﬁ:quent-
I fimilar. Whereforc A B isto AH, as
A Dto ACj;and fince AB is equ-al to
AD, AH will be equal to A C. But be-
cauft of the Smallnefs of the Angle CAT;
AT is reckoned equal to A C; therefore
A H is to be reckoned equal to 'AT. But
H is the Image of the Point-F in the radi-
ant Plane ; whence its Pofition is in the
Plane CT. The fame may after the like
manner be thewn of any other Point in the
Plane F E : From whence the Pmpuﬁtmn
is manifeft.

But if the Obje&t expofed to the Specu-
Jum be vaftly diftant, the Images of each of
the radiant Points wfili, by Prop. 1L be
in the middle Points of the Semidiameters of
the Speculum tending towards them : That
is, the Image of a diftant Obje&t will form
a fpherical Surface, concentrical with the
Speculum.  But becaufe the radiant Body,
by Suppofition, is feen under a very fmall
Anglc fo fmall a Portion of the (pheri-
cal Surface as is pofleffed by its Image,
fearce differs from the plane Surface to
which A B is perpendicular. ‘Wherefore
the Propofition holds in all Cafes: For the
Demonftration takes Place in any other
Cafe, as well as’ in thefe two exprefled in
the Eiﬂnres -

CoROLs
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Coxox.

If the Angle EAF be too great, the
~ right Line A H will be fenfibly lefs than
AT : whence the Image of an Objet feen
under too large an Angic, from the Center
of the Speculum, made by a concave Spe-
culum, will be fenfibly concave; and that
which is made by a convex Speculum wiill
appear COnvex.

ScHoLll M

Concerning the Images of radiant Sur-
faces, made by fpherical Surfaces, it will
not be improper to take notice of fome few
Things. 1. If the Obje& expofed to the
.concave Specu/um be diftant from it more
than by its Semidiametet; the Image-of it,
CT, will be diftant from the Speculum
more than by a fourth part of its Diametér,
but lefs than by its Semidiameter ; that is,
it will appear hanging in the Air between
the Objeét and Specu/um, and likewife in-
verted ; that is, the upper Parts will ap-
pear undermoft, and the right on the left.
If the Obje&t recedes from the Speculum,
the Image will approach to the Speculum ;
but if the Objet appreaches to the Specu-
lum, the Image will recede from it; till
meeting at laft with the Objeét, it will co-
mcide with it in the Center. After the
1 {ame
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fame manner the Image of the Radiant C'T
will be F E, whofe Properties are evident
by what has been juft now faid. But if
the Diftance B E be {fo far encredfed that
the Obje¢t be valtly diftant, the Diftance
of the Image C'T from the Speculum will
be equal to a fourth part of its Diameter.
But if the Sun be the radiant Body, in the
room of its Image will be excited a Burning
(if the Speculum be confiderably larger than
the Image of the Sun) becaufe of the Sun’s
Rays being clofer compacted in that Place.
But if a lucid Body be placed in the Mid-
dle, betwixt the Flertex and Center of the
Speculum, its Image made by the Speculum
at a vaft Diftance will enlighten Objeéts
vaftly diftant.

2. If CB, the Diftance of the Radiant
C T from the concave Speculum B, be lefs
than a fourth part of its Diameter, its
Image will be EF (by Prop. 1V and VIII)
placed beyond the Speculum, and ere&t as
in a plane Speculum, and which approaches
to the Speculum as the Objeét approaches
to it; and {o on the contrary. After the
{fame manner the Image of the Radiant F E,
made by a convex Speculum, will be C'T,
whofe Properties, from what has been faid,
are eafily dete¢ted : For as the Radiant ap-
proaches to the Speculum, the Image like-
wife approaches to it ; but when that re-

cedes to a Diftance even infinite, the Image
will
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will ftop at the middle Point between the
Speculum and its Center,

3. Suppofe the Rays of each Point of the
Radiant were fo infle¢ted as to be about
forming the Image CT, but are hindered
from it by the Intervention of the convex
Speculum BD. From what has been faid
above, it is plain that thefe Rays, after
Reflexion from the Speculum, will make
the Image F E; whofe Properties, Situa-
tion, and Figure, with refpect to the Objeét
CT (if it may be called an Obje&) are
eafily found by the foregoing Rules.

In the preceding, and all other Cafes, the
Ratio of the Image to the Objet is given,
becaufe they appear under the fame or equal
Angles from the Center of the Speculum.
But this will be more plain by the fol-
lowing Theorem.

Beorp 1X. LaeoRr. 1.

HE Radiant and its Image made
by the Speculum, are feen from the
Vertex of the Speculum under equal Angles.

Fig. 14, 15.

From A, the Center of the Speculum,
upon the Radiant HF, let fall the Perpen-
dicular A E (which, by Prop. VIIL wlijll

| e
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be likewife perpendicular to the Image f5)
meeting the Speculum in the Vérfex B.
oin the right Lines BF, BH, Bf, B h.
fay the Angles HBF, b B j‘; are equal.
| ]ozn Ff; this will pafs thmugh the Center
A, becaufe by Suppofition the Image of
any Point is placccf in the Axis of Radia-
tion. After the fame manner the Points
I A and b are placed in the fame right
Line. From the Nature of the Image,
BEistoEA asBCtoCA: therefore
BE is to BC, as E A4 toCA. But be-
caufe of the equiangular Triangles, 4 E F,
ACYE, BA KO CH 5 L'F 0'Qf
Wherefore B E is to EF as B C to Cf.
And fince the Angles EEF BCSf are
right, the Angles EBF C’fi'f will be
cqual. After “the Tune tanner E R H,
CBbare equal: Whence HBF, b Bf
are equal, - 9, B, D.

L
Cororx,

The radiant Line FE H, and its Image

f Ch, are to one another as their Diftances
from the Vertexy, B E, BC. Andif the
Radiant be a Surface, it will be to its Image
in a duplicate Propartinn of thofe fame
Diftances. From whence, if the Diftance
of the Radiant and its Image from the
Speculum be giveny the Proportion of the
Image to the Radiant is alfo given, In like

W manner,
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manner, if the Image of the Radiant €
made by (everal Specula be given, we fhall
have the Proportion of the primary Radiant
to the laft Image. It follows farther, that
the Line F H, and its Image {2, will be
cut in the fame Proportion by the right
Line B E, joining the Pertex and Center ;
or that F E is to EH, as § C 1o Ch.

YROD X. "PROSB, VII.

O fiud fuch a Pofition of the radiant
: I Body, that its Image made by the
Speculum may be equal to any given Figure
Similar to the Radiant : Or, which comes
to the fame thing, that the Radiant and
its Iinage made by the Speculum may be in
a given Ratie. Fig. 16.

Let the Speculum B D be given, whofe
Semidiameter is £ 4 ; and let the given
Ratiobe B A4to AM. 1f the Radiant be
a Line, bifect BM in E, and by fome of
the preceding Propofitions, find the Focus
C, correfponding to the Focus E. 1 fay,
C is the Place of the radiant Line ; becaufe,
from the Relation of the Points € and E,
BCistoC4, asBE to EA; BC will
beto BCH+ C4, ass BEtoBE+ E A:
that is, becaufe BE is equal to E M, Es’Cl‘

wil
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will be to B4, as B E to AM; and in-
verting the Proportion, B C is to B E, as
BAto AM. But (by Corol. Prop.1X) BC
is to B E, asthe radiant Line placed in C,
to which B is perpendicular, is to its
Image in £ : Therefore the radiant Line in
C 1s to its Image made by the given Specu~
lum BD at E, as BA to 4 M; that is,
in the given Rariv. 9, E. D.

But if the Radiant be a Surface, in the
room of 4 M in the preceding Conftrucion
you muft take a right Line, to which B 4
1s in a Rario {fubduplicate of that which it
bears to 4 M.

L eH R
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ELEMENTS

DIOPTRICS.

ReRE Pl Atoptrics being finithed, we

l""_‘,ﬁ.—"’*\"l proceed to Dioptrics; by the
: ;& 9l Affiftance of which we are ftill
preds ! furnithed with more Inftru-
— ments, and fuch as are fitter
for Ufe, and admitted to a nearer View
of the Secrets of Nature. For Glafs is ca-
fier brought to a due Figure than Metal,
and preferves it longer : Nor does a Lens
fuffer fo much Lofs in its Polith, from any
Injuries of the Air, as a Speculum does.
And it is difficult to make a Speculum that
fhall refle¢t fuch ftrong and clofe Rays as

a Glafs Lens tran{mits.
But, befides thefe phyfical Ditficultics,
the Caufes of which are not to be fought
from
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from Dioptrics, a Lens is preferable in
Praétice to a Speculum, for the following
Reafon : Becaufe a Fault in a Speculum pro-
duces an Error in the reflected Ray fix
times greater than an equal Fault in a Lexs,
when the Ray pafles out of Air into Glals;
and four times greater, when the Ray patles
out of Glafs into Air: For, by Theor. 1.
the Error of Incidence produces an Error
twice as great in the reflected Ray, but near
thrice lefs in a refracted Ray out of Air in-
to Glafs ; and twice lefs in a refrated Ray
out of Glafs into Air; as will appear at
Schol. 2. Prop. XL

In Dioptrics, as before in Catoptrics, we
fuppofe the Eye placed in the Axis of Ra--
diation ; becaufe this Pofition, where only
Leunfes are ufed, is eafieft obtained : But
where Specula and Lenfes are mixed toge-
ther, that 4dxis (by Corol. 1. Proeb. 1.) may
be inclined in any given Angle, :

Pror. XI THEOR. IV.

Ray of Light, at a plane Swface of

a Mcdium of djfferent Denfiry, is fo
vefratled, that the Media remaining the
Jame, the right Sine of the Angle of Inuci-
dence will, in all Iuclinations, bear the
fame Proportion to the right Sine of the
vefracied Augle. Fig. 17.
AR It
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It is fufficient for a Mathematician to
have proved this Theorem by Experiment ;
fo that from this laid down he may demon-
ftrate the Properties of a given Figure in
refracting, or inveftigate a Figure whofe
Laws of refraéting are given: Yet, for the
fame Reafons that induced us to demonftrate
a like Catoptrical Lbeorem, we fhall give
the Demonftration of this.

For this Purpofe, different Perfons have
ufed different; and quite contrary, Poffu-
lata. Cartes taking up the {ame Theorem
(though in other Cafes he affirms the Pros
pagation of Light to be inftantaneous) wounid
have it in his Digpirics, that a Ray of
Light is carried with a greater Celerity
through a denfer Medium, as Water or
Glals, than through one lefs denfe, as Air.
This appeared too grofs to Barrezw, Fer-
mat, and others, who went into a con-
trary and more probable Opinion. More-
over, Barrow and Maignanus believed,
that fome certain Thicknefs of the Ray of
Light, however {mall (which Cartes neg-
leéted as inconfiderable) was neceffary to
demonftrate this Theorem. We have fol-
lowed the Method of Geometers, and com-
pofed a Demonftration far enough from any
Sett, and depending only upon a very fim-
ple Property of Light, which we affumed

in the beginning.
Let
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Let the Light flowing from the Point A,
and comprehended in the Plane of Inflec-
tion between A B and A D, fall upon the
right Line B D, the common Seéion of
the Plane of InfleCtion with the plane Sur-
face of the Medium B CED of different
Denfity. (We may juftly confider this by
it felf ; becaule the Rays which compofe it;
and their refracted Rays, are, diftinétly
from the other circumfufed Light; contain-
ed within the forementioned Plane by Ax.
2.) Let one of the extreme Rays A D be
perpendicular to the right Line BD, whofe
refra¢ted Ray D E (whatfoever be the Den-
fity of the Medium B E) will confequently
go diretly on in the fame right Line with
AD: But let the other A B, containing a
certain Angle with A D, meet the right
Line BD, which feparates the Media, in
B; through B draw K B F parallel to A E.
Let the aforefard Light, contained betwixt
the right Lines A B, A D, be fuppofed to
be propagated in the Medium D G, betwixt
the right Lines D E and BG continued 7%
infmitum : That 1s, let BG be the refraét-
ed Ray of A B, whether the Light pafles
out of a rarer Medinm into one more denfe,
as in Fig. 17. or out of a denfer one into a
rarer, asin Fig. 18. Ifay, the Sine of the
Angle ABK will, in any Inelination of the
Ray, have the fame Proportion to the Sine
of the Angle GBF.

On
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On the Center B, and with any Diftance
B G, defcribe an Arch of a Circle m eeting
the Ray BG in G ; from which let fall G N
perpendicular to A N, interfecting the righe
Line KF in F.
* The Light which proceeding from A is
diffufed into the right Line B D, will, if
B G be put for the Length of the refracted
Ray, be diffufed within the new Medium
DG into the right Line G N : For the
Spaces into which the forementioned Light
is diffufed, muft be computed by thefe
right Lines parallel to the right Line B D,
becaufe at BD it lofes its former Degree
of Diffufion, and after that enjoys a new
one. The right Line B D which divides
the Medja remaining the fame, {uppofe the
Medium DG, in which A B is refratted
into BG, were taken away, and another
Medium D C of a different Denfity fubfti-
tuted in its Place, in which the Ray A B
is refratted into BC, FEx. gr. meeting
the Cirele in C, through which draw the
right Line CE parallel to BD, meeting
AN in E, and KF in M. The right
L.ine C E will be the Space into which the
Light is diffufed within the Medium D C,
the Length of the refracted Ray B C conti-
nuing ftill the fame. If from the right
Lines G N, CE, into which the Light is
diftufed, you take away the right Lines
FN, ME, which depend not at all upon
G 2 the
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the Facilities of the Media, that is, their
Readinefs in diffufing Light (for the
Length and Pofition of the Ray AB re-
maining the fame, the forementioned right
Lines F N, M E remain the fame and inya-
riable, howfoever the Facilities of the
Media D G, D C are augmented, diminifh-
ed, or even annihilated) there will remain
GF, CM for the genuine Effects of the
Media D G, D C refpeétively. Therefore
fince all Things that refpeét the Refraéiion
of the Ray A B from the Medium D K,
to Media of different Denfities D G and
D C, excepting only the Denfities of thofe
Media, are made the fame (namely, the
Medizm D K, out of which the Light
paffes the fame, the Angle of Incidence
A BK of the Ray AB the fame, and the
Iength of the refraed Ray within the
{econd Medinm D G, or D C the fame)
the forementioned right Lines GF, CM
will have the fame Proportion with the
Facilities of the Media D G, D C which
produced them : For all Effets are propor-
tional to their Caufes.

Now if the Medium D C, in which the
Ray A B 1s refraéted into B C, be the fame
with the Medium D K, in which Cafe the
refracted Ray B C (if it may be called {o)
of the Ray A B will be in a dire& Line
with the incident one AB; G F will be
yet to C M as the Facility of the Mﬁdfﬂgi

D
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D G to the Facility of the Medium D C,
that is, by Conftruétion, to the Facility of
the Medjum D K. Moreover, CM is the
Sine of the Angle CBM, or the Angle
A BK, which is the Angle of Incidence of
the Ray AB; and GF is, to the fame Ra-
dius, the Sine of the Angle G BF, that is,
of the refradted Angle of the fame Ray:
Wherefore the Sine of the Angle of Inci-
dence is to the Sine of the Angle of Refrac-
tion, whatfoever be the Inclination of the
Ray AB to the refracting Plane (for th!
Angle DAB, to which ABK is equal, i
taken at Pleafure) as the Facility of the
Medium D K to the Facility of the Medium
DG, infle¢ting the Ray AB into BG. But
the Media being fuppofed the fame, the
Denfities of the Media, and their Facili-
ties arifing from thence, and confequently
the Ratio of thefe will remain the fame :
Therefore in every Inclination of the Ray
the Ratio of the Sine of the Angle of Inci-
dence to the Sine of the Angle of Refrac-
tion remains the fame. 0, E. D.

This T heorem is thus thortly demonfira-
ted in the Geometric Phrafe, The Pofi-
tion of the incident Ray remaining the fame,
the refratted Ray remains the fame, what-
foever be the Length of the incident Ray
A B : Therefore no refpeét is to be had to
its Length, or the right Line A B is to be
taken for nn::uthinﬂr Therefore the right

Line
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Line F N, which bears a certain Propor-
tion to A B, vanifhes at the fame time :
Whence the right Line G N, into which
the Light is diffufed at a given Diftance
B G within the Medium D G, is changed
into the only and determinate right Line
G F ; which is confequently appointed by
Nature for the Meafure of the Facility of
the Medium D G, to which it owes its Rife.

But if in the Paflage of a Ray from a

i{ﬂenfﬁr Medium into a rarer (Fig. 18.) its
nclination be fuch, that G F, which is to
C M in the Proportion of the Facilities of
the given Media, thould exceed the Semi-
diameter B G ; then the refraéted Ray of
A B will be nothing (after the manner of
an impoflible Cafe 1n a Geometrical Pro-
blem.) But that which fhould have been
the refracted Ray will not enter the rarer
Medium D G, but will be refle¢ted from
its Surface, according to the Law of 7 beor.
I. in which Cafe the Law of this prefent
T beorem (as being more univerfal) does ne-
verthelefs take place.

The converfe of this Propofition is fuffi-
ciently manifeft ; namely, that the refracted
Ray of any Incident is truly affigned, when
the Angle of Incidence is to the Angle
comprehended by the afligned right Line,
and another drawn perpendicular to the
refracting Surface, in the Proportion of the

Faci-
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Facilities of the given Media, which is
the Meafure of the Refration between
them: For the refratted Ray of the Inci-
dent propofed can be no other than that af~
figned.

The Invention of the preceding 7 beorem,
which is the principal one in f?)zaprr:c.r,
is commonly attributed to Cartefins, tho’
it was known to J/illebrord Snellius, who
was dead ten Years before Carzes’s fD;'ﬂp-
trics were publithed: For Poffius, in his
Treatife De Natura & Proprietate Lucis,
publifbed at gdmfferdam in the Year 1662,
Page 36, tells us, that it appeared from
Snellins’s Papers, which himfelf had feen,
that he had found out, that the Propcrr-
tion between the Secants of the Angles,
which are the Complements of the Angle
of Incidence, and the Angle of Refration
to right ones, is conftantly the {fame: But
it is known that the Secants of Angles are
reciprocally, as the Sines of their Comple-
ments to right ones; becaufe the Semidia-
meter is a mean Geomecric Proportional
between them.

Since we have happened to {peak of Se-
cants, it is worth the taking notice how
near the inquifitive KEP LER was towards
finding out this 7lecrem; who, at Prop.
V.and VL. Paralipom. in Vér.ef!mu.em, lays
down thefe Secants for the refpcctive Mea-
fure of Refractions.

Coror
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C &R OL. B

If B G be the refracted Ray of the Inci-=
dent A B, every thing elfe remaining the
fame, B A will be the refra¢ted Ray of the
Incident G B: For the Facilities of the
Media, by which the Sines of the Angles
are governed; remain the {ame.

CoRrRoO1L. 2

From the Demonftratien of this 7 heo-
rem it follows, that if the Ratis of A to
B meafure the Refraétion between the
Media A and B, and the Rat7o of A to C
the Refraction between the Media A and
C ; the Ratio of B-to C will be the Mea-
fure of the Refrattion between the Media
B and C. Which is alfo manifeft, by fup-
pofing the Thicknefs of the common Ae-
dium A, between the parallel Planes of the
other two, to vanifh: For by this means,
the Angles remaining the fame, that Part
of the Ray, propagated through the three
Media, which is in the Medium A, va-
nifhes.

CORGI. 3.
Hence it likewife follows, that if the

Pofition of the Ray A B remaining the
fame,



The Elements of Dioptrics. 57

fame, the Pofition of the infle¢ting right
Line B D be changed by an Angle, fuppofe
E, the Pofition of the refracted Ray B G
will alfo be changed by an Angle ¢, which
is to E as the Difference of 1 and R to I ;
(the Ratio of the Quantities I and R being
fuppofed the fame with the Razio of the
Sine of the Angle of Incidence to the Sine
of the Angle of Refrattion; and the Angles
fo fmall, that they may be looked upon to
have the fame Proportion with their Sines)
and the Angles ¢ and E are fituated on the
fame Sides of the right Lines B G "and
B D refpetively, when I exceeds R ;
but on contrary Sides when R exceeds I,
After the fame manner, from this Propofi-
tion, may we judge of the Change the
Angle G BF will undergo, when the
Angle A B K is changed by any other
Caufe whatever. |

SCHOLIUM I.

~ The aforefaid Law of Refraltion is con-
firmed from the Wifdom of Nature, al-
ways a&ing by the moft eafy and expe-
ditious Methods ;- which we before found
in' Catoptrics 1o be a legitimate Axiom ;
namely, to the Light proceeding from A
to G, fuch a Point of Incidence B is af-
figned, that it may perform its Journey

A B G in the /eaff Time pofiible.  Which
H Point
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Point of Incidence may be found by the
Help of any Method (Fermat's for In-
ftance) which determines a Maximum €

Minimum, but moft eafily after the Manner
following.

PRros

WO Poiuts being given in Media of
different Deﬁﬁiﬂ, and the plane
Surface dividing the Media, whofe Denfs-
ties are likewife given, being given in Poft-
tion: To find fuch a Point in the forefaid
Surface, that a moveable Body proceeding
from one of the given Points, through the
Point fought tothe otber of them, may take
up the lealt Time énits Fourney. Plate 11,
Fig. I. :

Let the given Points be A and G, and
let M N be the Surface dividing the Media
of different Denfities, or rather the common
Section of the Plane of Inflexion continued
through A and G, with the forefaid Sur-
face dividing the Media : For (by Ax. 2.)
the Point fought will be found in that.
Let the right Lines I and R exprefs the
Velocities of Light in the Media DK, CF
refpectively.

Becaufe the Velocity of a moving Body
being given, the Time is as the Space run ;
and the Space being given, the Time is

as
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as the Velocity reciprocally ; if neither be-
ing given, the Time will be in a com-

und Proportion of the Velocity recipro-
cally, and the Space dire¢tly. Therefore
the Time in which the right Line A B is
run will be exprefled by RxAB, and the
Time in which B G is run, by IxBG ; and
confequently the Time in which the whole
Journey ABG is performed, which is made
up of both of them, will be exprefled by
the Quantity RxAB+IxBG; which muft
be the Minimum.

From the Pofition of the Points A and
G, and of the right Line M N being
given, the right Lines A D, G C; and
D C, which we fhall call 2, ¢, and & re-
fpectively, are given in Magnitude. Call
CBx. Whence BD=4— x, AB =
= Vd*—dx+x*+a*, and BG =V ¢'-+-x,
Therefore R*xvd'—2dx--x4-a*+1% v o' x*
muft be a Minimum.

Now this is ( as Mathematicians
know very well) when the Fluxion of
R Xy g2 dx-|- 52+ a* L 1% v/ g*—x"=0. But
by the Method of that moft celebrated Geo-
meter Sir Ifaac Newton, for finding the
Fluxions of as many Fluents as are involved
21 any given Equation (to which alfo the
famous Leibnit's Differential Calculus re-
lates) which you may fee at Cap. XCV.

Vol, 11, Operum Matbhemar. Wallifii, The
H 2 Fluxion
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Fluxion of Rxv d*— 2dx-A-s*4-a>FI¥ v ¢* 4«
is Rx — 2d4x 4 200x  IX 2.

e -
oV d—2dx+x"k @ 2V +x°
making this equal to nothing, we have
Ixx RXd—x

Vet Vd—2dx-xi+ g
And f{ubftituting, in the room of their Va-
lours, the right Lines themftlves exprefled

Therefore

—

IXCB RxBD.
in the Scheme, it becomes w=—— = —
BG AB

And if BG=AB, then IxCB=Rx*BD, or
B-D. BCs=l B ¢
Therefore if the right Line D C be di-
vided in B, fo that D B may be to BC in
the given Ratio of 1 to R, the Light will
perform its Journey from A to G (or
backward from G to A) in the fhorteft or
leaft Time poflible, by going along A B G.
But DB and B C are the Sines of the
Angles BAD and BG C; that is, of the
Angles ABK, GBF; namely, of the An-
gle of Incidence, and the Angle of Refrac-
tion. Wherefore, that the Time of the
Paflage from A to G (or from G to A)
may be the /eaff, the Ray muft fo fall,
that the Siue of the Angle of Incidence may
be to the Sine of the Angle of Refraétion
in the Ratio of I to R; that is, in the
Ratio of the Velocities of Light in the fnre&
4 {ai
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faid Media, or (as is fhewn before in the
Demonftration of Prop. XI1.) in the Ratio
of the Facilities of the {fame Media, upon
which the Pelocities of the Body moving
throuigh them depend.

* Siuce there are in the Plane dividing the
Media an infinite Number of fuch Points
(two of which are in the right Line M N)
that the Light, in pafling from A to G (or
from G w0 A) through any of them, fhall
take up any given Time exceeding the /eaft ;
there can be no Reafon affigned, why it
fhould pafs through one of thofe Points
rather than another : Therefore it will pafs
through none but the only and determinate
one GF its kind, B.

ScHoLIUM 2.

When a Ray of Light pailes out of Air
into Glafs, we obferve the Sine of the An-
gle of Incidence to be to the Sine of the
Angle of Refraétion, as 3 to 2 in round
Numbers: And in pafling out of Air into
Water, Iis to R (which Symbols we fhall
ufe for the future, to exprefs the Rarid of
the Sine of the Angle of Incidence to the
Sine of the Angle of Refraction, which is
the Mecafure of Refraétion) as 4 to 3. And
on the contrary, in the Paflage of a Ray
out of Glafs into Air, I will be toR as 2
to 3, by Corg/. 1. From whence the Rea-
fon is plain, why a Ray in Glafs, ftriking

. upon
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upon a Surface of Air, more obliquely than
in an Angle of Incidence of about 42 De-
grees, does not enter the Air, but is re-
flected from its Surface: For the right
Line G F, which is fefquialteral of the
Sine of 429, exceeds the Radius ; in which
Cafe the Light fhall be refleGted, as has
been obferved above.

Moreover, becaufe in the Paflage of a
Ray out of Air into Glafs, I is fefquialteral
or 1} of R, and in its Paffage out of Air
into Water, I is 13 of R; in its Paflage
out of Water into Glafs (by Corol. 2.) I
will be 15 of R. |

And from Corol. 3 it follows, that the
Error of the refratted Ray is but {ubtriple
of the Error of the Surface of Glafs by
which it was occafioned, and on the {fame
Side with it, when the Ray paffes out of
Air into Glafs ; but fubduple of it, and
on the contrary Side, when the Ray pafies
out of Glafs into Air.

PRt AXIE T o Rl

LE T BD be a Surface dividing Media
of different Denfities ; upon which
let a Ray fall proceeding from E, and be
vefratled into DN, the Surface dividing

the Media remaining the [ame, but the
Media

r
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Media being tranfpofed ; I fay the refratied
Ray DC of the Ray M D being placed in
the fame right Line with E D, will be in
the fame right Line with the former re-

fratied Ray ND. Fig. 2.

Draw the right Line A D O perpendi-
cular to the Surface BD in D.

Since D N is the refraéted Ray of E D,
(by the foregoing) the Sine of the Angle
EDA will be to the Sine of the Angle
N DO in the Ratio of 1 to R; and if the
Media be wanfpofed, the Ratio of 1 to
R will be the Meafure of the Refra&ion
out of the Medium BD M into the Me-
dium BD E: That is, fuppofing MD to
be the incident Ray, its refracted Ray will
be fuch, that the Sine of the Angle MDO
fhall be to the Sine of the Angle AD C, as
Ito R: That is, by what has been juft
now thewn, as the Sine of the Angle ADE
to the Sine of the Angle ND O. There-
fore fince the Angles EDA, M DO are
equal, and confequently their Sines, the
Sines of the Angles ADC, ND O will be
likewile equal, and confequently the An-
gles themfelves. "Wherefore ND and DC
lie in the fame right Line, 9, E. D.

Coror,

If Rays diverging from E, after Re-
fraltion at the Surface B D, diverge

from
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from the Point C, the Media being
tranfpofed, and the Surface dividing the
Media remaining the fame, Rays con-
verging towards E will, after their Re-
fraction at B D, converge towards the
Point C. ‘

Therefore all that can be demonftrated
of Rays diverging, may equally be applied
to converging ones. Wherefore for the
future we thall only fpeak of Rays diver-
ging, leaving thofe converging to be deter-
mined by this T beorem.

Prop. XIII. Pros. VIIL

Rom the Focus of diverging Rays be-

ing given, to find the Focus of the
fame Rays after their Refrattion, at a
plane Surface of a Mcdium of different
Denfiry, with refpeit to an Eye placed
in the Axis. Fig. 3, 4. |

Through E, the given Focus of diverging
Rays, draw the right Line EB perpendicu-
lar to the plane Surface B D of a Medium,
either denfer or rarer ; in this take the Point
C fuch, that CB may be to EB, as I to
R. Ifay C is the Focus fought.

Let fall any Ray E D. Threugh D
draw A O parallel to EB. Join C D, and
produce it to F, e
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If the Ray ED be near esough to the
right Line E B (for we fpeak here only of
thofe Rays that fall near the 4xis, fince
thefe only do, after Refraction, affeét the
Eye placed, bj( Suppofition, in the Axis of
Radiation produced ; thofe that fall more.
obliquely pafitng by the Pupil of ‘the Eye,
and conducing nothing at all towards dif-
cerning the Point E, as we have before
obferved in Catoptrics) ED will be nearly
equal to EB, and CD to CB. Where-
fore CD isto ED, asltoR: But CD .
is to E D, as the Sine of the Angle BE D,
or its equal ED A, to the Sine of the An-
gle BCD, orits equal ODF : Therefore
the Sine of the Angle E DA is to the
- Sine of the Angle ODF, as I to R. But
the Angle E DA is the Angle of Incidence
of the Ray E D: Therefore O DF is the
refpective Angle of Refraction; that is,
D F is the refratted Ray of the Incident
ED. And the fame may be thewn of any
other Ray diverging from E; whence C
is the Focus required. 0. E. I.

CoROE I,

From hence, and from Corel. 5. Prap.
XI. it follows, that the fame Things be-
ing fuppofed as before, Rays in the Me-
dium B D O converging towards C, will,
after Refradtion, converge towards E.

I And
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And if the Media were tranfpofed, it
follows from hence, and from Pf‘ﬂp XIL
that Rays in the Medium BD O conver-
ging towards E, will, after Refration,
converge towards the Point C; and
parallel Rays will, after Refraétion, at a
plane Surface of any Medium, {till remain
parallel.

CorRoOL. 2.

If BDA be Water, and BDO Air, CB
will be to EB, as 3 to 4: From whence
it happens, that Water ap {:ears a fourth
part lefs deep than it rea g But if
BDA be Glaﬁ, E B will be 13 of the
right Line C B.

ScuroLiuMm

What is demonflrated of any incident
Ray, namely, that its refratted Ray D C
produced backwards, till it meets with
EB, is to the Incident E D as I o R, is
alfo true of the perpendicular Incident
E B: For its refratted Ray B C produced °
backwards, though as to its Poﬁtmn it be
the (ame with the Incident, yet as to its
Length it is te it in the very fame R a#io of
I o R. And becaufe this Ray paffing
through the Center of the Eye, and the
athcrs that are neareft it are the only ones

that
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that affect the Senfe ; from thence it is that,
with refpe¢t to the Eye, C is the Focus
of the Rays diverging from E, and refraé-
ed at BD., This Confideration extends
likewife to what follows.

Pror. XIV. Pros. IX.

O find the Focus of parallel Rays

falling upon a [pherical Surface of
a Medium of different Denfity, after Re-
frattion, Plaw II. Fig s, 6.

Let the fpherical Surface, whofe Center
is A, be exprefled by the Circumference of
the Circle BD ; through A draw the 4xis
A B parallel to the incident Rays, meeting
the Circle in the Pertex B ; in which take
the Point C fuch, that B C may be to
AC, asItoR. 1fay Cis the Focus re-
quired.

Let any Ray fall at D; draw the right
Lines AD, CD, and proguce them. The
Sine of the Angle BAD, or its equal ED
O, is to the Sine of the Angle CDA (or
its Complement to two right ones) as C D
o AC, or (the Arch D B vanithing, for
Reafons before often mentioned) as C B

to A C; that is, by Conftruction, as II{U
1 2 -
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R: But EDO is the Angle of Incidence
of the Ray E D ; therefore D C is its re-
fracted Ray. After the fame manner it
may be demonfirated, that any other of the
parallel Rays will, after Refraétion, pafs
through C: Therefore C 1s their Focus.
iy e B

CoRDpDLLARTES.

Hence, and from Corol. 1. Prop. XL
and Corol. Prop. XII. it follows;

1. That Rays in Air parallel to the Axi7s,
after Refraction at a Spherico-convex Sur-
face of Glafs, converge to a Point whofe
Diftance from the Pertex is equal to three
Semidiameters of the Sphere.

2. That Rays in Glafs, diverging from a
Point diftant from a Splerico-concaze Sur-
face of Air by three Semidiameters, do,
after Refraction, become parallel to a right
Line drawn through the radiant Point and
“the Center of the Sphere.

3. That Rays in Glafs parallel to the
Axis, after Refration at a convex fpherical
Surface of Air,gdiverge from a Point whofe
Diftance from the Pertex is equal to the
Diameter of the Sphere.

4. That Rays in Air, converging to-
wards a Point diftant beyond a concave
Glafs by the Diameter of the Sphere, after
Refraction at the concave Surface of Glafs,

' : become
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become parallel to a right Line drawn
through the Center of the Sphere and the
forementioned Point.

s. That Rays in Air parallel to the 4xis,
after Refraction at a concave Surface of
Glafs, diverge from a Point at three Semi-
diameters Diftance from the Perzex.

6. That Rays in Glafs, converging to a
Point three Semidiameters diftant beyond a
Spherico-convex Surface of Air, after Re-
fraction, become parallel to a right Line
drawn through the Center of the Sphere
and the forementioned Point,

7. That Rays in Glafs parallel to the
Axis; after Refraction at a Spherico-con-
cave Surface of Air, converge to a Point
diftant from the Ferzex by a Diameter of
the Sphere.

8. That Rays in Air, diverging from a
Point at a Diameter’s Diftance from a Sphere
of Glafs, after Refraétion at a convex Sur-
face of Glafs, become parallel to a right Line
drawn through the forementioned Point
‘and the Center of the Sphere.

Scuorium. Platell. Fig. 7.

The generating Circle of the Sphere BD
has the fame Degree of Curvity with an
Ellipfis palling through B; by whofe Ro-
‘tation a Sphervid being made of a denfer
Medium, colleéts Rays in the ambient

' Medium
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Medium parallel to the right Line A B, ex-
actly at C: For we all know, that B G,
the greater Axis of that E/fipfis, ought to
be to E C, the Diftance of the Foci, as I
to R. Suppofing then the fame Conftruc-
tion with that at Schol. Prop. 1V. BGis
to ECasKCtoHC; thatis, as HC to
CL; thatis, as KC4+HCto HCHCL,
orto HCHCK~LK ; thatis, as BCto
B C —half the Latus Reltum, belonging
to the 4xis B G (for LK bas, at Schal.
Prop. IV. been fhewn equal to half the
tforementioned Latus Reclum) But by the
Conftruétion of this Prop. the Situation of
the Point C is fuch, that BC isto A C as
Ito R; thatis, as BG to E C: Therefore
BCis to AC, as BC to B C ~ half the
Latus Rettum, belonging to the greater
Axis : Wherefore A C is equal to B C —
half the forementioned Larus Rettum ;
and confequently A B is equal to half the
Larus Retfum.. Wheretore the Circle
B D is equally curve in B with the E/lipfis
BKG (by Corel. 1. Prop. XX. Lib. 1.
Vinc. Viviani de Maximis & Minimis.)
‘Whence it is, that a Sphere generated by
the forementioned Circle performs in re-
fralting very nearly the fame thing which
an oblong 8phervid, generated by the Ro-
tation of an Ellipfis, does exaétly; name-
ly, -that Rays in a rarer ambient Medium,
parallel to the right Line B G, after Refrac-

~ tion
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tion at its Surface, may converge to the
Point C.

After the fame manner, by the Help of
Schol. Prop. V1. it may be fhewn, that the
Circle B D is at the Zertex cqually curve
with an Hyperbola pafiing through B, and
generating a Conoid ; which being of a
rarer Medium, does fo refrac Rays in a
denfer ambient Medium parallel to the right
Line A B, that they fhall afterwards diverge
from the Point C: Or, which returns tu
the fame thing (by Proep. XIIL.) being of a
denfer Medium, does fo refrat Rays in
that fime denfer Medjum, parallel to the
right Line A B, at their Entrance into the
rarer ambient Medium, that they fhall af-
terwards converge to the Point C,

Pror». XV."Pres X.

' I 'HE Focus of Rays diverging and

falling upon a given fpherical Sur-
face of different Denfity, to find the Focus
of the fame Rays after Refratiion. Plate
Il. Fig. 8,9,10,11,12,13,14,15.

Let the fpherical Surface be exprefled
by the Circumference of its greateft Circle
B D. Through the given Focus and the

Center
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Center of the Sphere draw the right Line
F A meeting the Circumference in & ; in
which take the Point C {uch, that the Ra-
tio compounded of the Ratio of E 4 to
4C, and of CB to B E, may be equal to
the Ratioof TtoR. 1 fay C is the Focus
required.

We {ball make one Demonttraticn ferve
for all the eight principal Cafes of this
Prop. cxprcﬂ"ed by fo many feveral Fi-
oures; the four firlt of which, fuppofe I
greatcr than R, the others lcfs and which
differ from one anuther, acmrding as the
given Focus is {ituated on this or that Side
of the Focus of parallel Rays; or according
as the refracing Surface is convex or con-~
cave. |

Let fall any Ray at pleafure, E D pro-
ceeding from E. Join 4D, DC; and
through C draw a right Line parallel to
4D, mf:ctmg the right Line £ D in H,

The Point D almoft coinciding with B,
CD and CB, as likewife E D and E’E‘,
are almoft equal. Wherefore the Rat/o of
{to R isequal to the Ratio of E A to
AC, and the Ratio of CT) to ED toge-
ther; that is (becaufe of 4D and C H
parallel) to the Ratio of CD to E D, and
the Ratio of ED to D H together, or to
the Ratio of CD to DH: But CD is to
D H as the Sine of the Angle D HC, or

its Complement to two right ones; 4D H,
or
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or ED O, is to the Sine of the Angle
D C H, or of the Angle ADC, or in {ome
Cafes its Complement to two right ones.
Moreover, the Angle E DO is the Angle
of Incidence of the Ray E D : Therefore
as I to R, fo the Sine of the Angle of In-
cidence of the Ray £ D to the Sine of the
Angle ADC. Wherefore (by Prop. X1.)
D C is the refraéted Ray belonging to the
incident one E D ; and {ince £ D is taken
at Pleafure, ’'tis plain the Focus of all the
%ays proceeding from B will be €. 0,
3

If the Media propofed were Air and
Glafs, and the Ray pafled out of Air into
Glafs (as in the four firft Figures) the
Focus C will be very eafily found’; namely;
if the third part of the right Line E 4 be
to AB, as ECto BC : For trebling the
Antecedents, E 4 is to AL (or 4AD) as
3ECw BC (or DC): But E 4 is-to
A D, as the Sine of the Angle £EDO to
the Sine of the Angle DEA4; and 3 EC
is to D C as thrice the Sine of the Angle
EDC (or HDC) wo the Sine of the
Angle D E 4: Wherefore the Sine of the
Angle EDO is triple of the Sine of the
Angle HDC, and confequently (in thefc
very fmall Angles, which have the fame
Ratio with their Sines) 11 of the Sine of
the Angle 4D C. Therefore D C (or
D e lying in the fame right Line with it)
K 1S
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is the refracted Ray of D paffing out of
Air into Glafs.

“When the Ray pafles out of Glafs into
Air (as in the four laft Figures)-the Focus
will be found from the fame Principles,
by taking the Point € fuch, that half the
right Line £ 4 may be to AB, as EC to
BC. | "

Coror 1,

From this Prop. and X1I. and Corol. 1.
Prop.. X1. it will be eafy, from the given
Focus of Rays converging, and falling upon
a fpherical Surface of a Medium of diffe-
rent Denfity, to find their Focus after Re-
fraction. S -

CoROL. 2.

~ Hence, from the Foci E and ‘C, and
the Pertex PB being given, we may find
A the Center of the Sphere, and thence
the refracting Sphere it felf ; by taking
“the Point 4 {uch, that E 4 may beto AC
in a Ratio compounded of the Rativ's of
BE to BC,and I to R: Or, from the
Foci and Center being given may be found
the Vertex. 'The like Problem concern-
ing fpherical Specu/a, may ( by the
Correfpondent Prop. in Catoptrics ) be

folved with equal Eafe, and more elegant
Geo-
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Geometrical Cﬂnﬂru&wns from thence
d;duccd .

£ oRONII3

The Geometrical Conftru&ion of this
Prob. X. is eafily deduced from what has
been premiled, Plate 11. Fig. 16, Every
thing elfe remaining as before, through B
and A draw the right Lines B ,Q, A N pa-
rallel, meeting the. right Line £ N drawn
from E'as you pleafe in Fand N: Make
AN to J.M as Z to R. Join the right
Line FM,-and produce it till it meets thc
Axis BA in C. This will be the Focus
required. -

oin CN mt‘f‘:tlﬂg the right Line B F
in. O ; to this, through F, draw parallel
the right Line F i, intﬁrf::&ing the right
Line EAinH. ...

ForEA4 EB::(EN. EF: : EC:
EH: : EC—EA EH-EB: :) AC.
P H. G permutando EA. AC: : E B.
BH. Therefore CB. BE,+EA AC: :
(CB.EB, +HEB.BH::BC: BH::
BOPF:: AN. AM::) 1 R. Whence
@ is the Focus required.

. 'This fame Conftruction will ferve (only
changing the Order of the Points E, B, 4,
Cy’Mand N ) if R exceed Z, or if the Rays
converge, or are pﬂraIlcl ;in which Cafe
it.mll be changed into that of Prob. IX,

K 2 Or
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Or if the Concavity of the refraéting Sur-
face look towards the Focus E, or it BD
be plane, in which Cafe it changes into
that of Prob. VIII. For when the right
Line AMN (divided as above) is infi-
nitely diftant from BQ, the right Line
F M will be the fame in Pofition with a
right Lin¢ joining the Point I with a Point
dividing B E, after the fame manner as
A M is divided in N, {uppofing B E to be
homologous to A M ; becaufe the Tangents
of Angles are reciprocally as the Tangents
of their Complements to a right Angle.

After the famc manner, if of the four
Points A, B, C, and E, any other three be
given, Ex.gr. E, B, and C, the fourth A
will be determined ; that is, the fpherical
Surface pafiing through the given Point,
and changing the Focus E into C, will be
determined ; ¢ cice verfa.

ScHoLIU M.

Since there is no Spheroid or Conoid ge-
nerated by the Rotation of a conic Seétion
round its 4xis, and confifting of a Medium
of different Denfity from the ambijent Me-
Jiwm, which can exaétly change a given
Focus of Rays into another given one by
Refraction at a fingle Surface ; it follows,
that this Property of performing the Thing
propoied pretry nearly, does _therc_fnrelbe-

long
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long to a fpherical Surface; becaufe the
greateft Circle of that Sphere has the fame
Degree of Curvity with Cartes’s Curee,
(Lib. 1. Geometrie) by whofe Rotation
are made Surfaces, which, {eparating Me-
dia of different Denfity, anfwer the Pro-
blem exactly. But if the Condition of that
equicurve Circle, and of the given Focz
lying on the fame Side of the Center, be
fuch, that the Semidiameter of the Circle
be a Middle proportional between the Di-
ftances of the Fuci from the Center of the
Circle; and one of thefe Diftances be to
the Semidiameter in a Ratio, meafuring
the Refraétion between the given Media,
that Curve of Cartes is changed into the
Circumference of a Circle. 1n this Situa-
tion of the Focus a Sphere of given Denfity,
generated by the Rotation of a Circle, will
fo refraét Rays proceeding from one of the
Foci, that they thall all afterwards diverge
precifely from the other of them.

Pror. XV Pros. XI.

N E Focus of a given Lens being
\_J given, to find the other.

A Lens is a tranfparent Body, of a dif-
ferent Denfity from the ambient Medium,

and
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and terminated by two Surfaces, either
{pherical, or plane and fphcrmal A right
Line perpendicular to both its Surfaces- is
called. the Axis of the Lens. . 'The Points
wherc the Axis interfects. cach Surface are
called the Pertices, either the Fertex. of
Tucidence, or the Pertex of Enwmer fjon, ac~
cording as it lies in that Surface upon which
the Rays firlt fall, or out of which they
again cmerge. . The Thicknefs is the Di=
{tance between the Fertices., -

. The Terms being thus explamed h
Focus requmed may, by means of a Calcu=
lation (which in Pratice is to be prefer-
red to the niceft Conftruétions) gmunded
upon the foregoing Propofitions, be eafily
determined, and Canons (which, bﬁcaufc
of their Dlﬂicuhy to be remcmbered are
here omitted) eftablithed, - by ma:kin_g- the
Calculation general.  As if from the Focus
before Incidence being given, it were re-
quired to find the .Eamr after Emerfion :
Firft, the Focus of the Rays, after their
Refiaction at that Surface of the Lens up-
on which they firk fall, muft be found ;
and this is done by, P:mp XIIL if the Sur-
face of the Eens be plane but if it be
{pherical, and the R s parallel, by Prop.
KIV and by ??‘ﬂp V.. if they be cﬁncﬁ-
ging or convergide.,  And havmg thus °g

the Foous of:the Rays; after Refra&mn at
this fuft Surfage, -that-is, ‘while. tbe}r are

_paffing
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paffing through the Lens, which is likewife
called the Focus of Traﬂﬁtm:, after the
{fame manner their Focns, after Refradtion
at the fecond Surface of the Lens, or ra-
ther at the Surface of the ambient Madmm
contiguous to this fecond ' Surface, “will ‘b
found; that is, their Focus after Emerﬁoﬁ
frdm the Lens. T AT

If there were more than one Lcﬂ.r, we
&fuft proceed after the fame’ manner with
t:very onc of them,

“By the like Method, from the Focus
made by the Help of one or more given
Lenfes being given, the Focus, before Ln-
cidence ' is found, or from the" optical Ma-
chine, being' given, the D1ﬁance of the Ob-
)e& IS dcternnntﬂ " :—

COR L (544 995 o

If the Geometrical Conftru&tion of this
Problem be defired, it s eafily ‘deduced
from Corol. 3. of the foregoing Prop.” by
afluming the Conftruétion there given for
one Surface of a2 Lens, and repeating it-for
the other, Fig. 17. For the right Lines
EN, BF, AN, and F M, -being drawn
accurdmﬂ to the Directions of that Corof.
'tis plam the right Line FM will tend
towards the Focus of Tranfition of thofe
Rays, whofe Focus before Incidence was E.

If therefore this meets with the parallel
right
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right Lines, drawn through &, the Center
of the hindmoft Surface, and 4, the Perzex
of Emerfion, in # and f, and & # be taken
to am, as I to R at the Egrefs out of the
Lens ; (that is, as R to I at the Ingrefs
into the Lens) the joined right Line m f
will meet the 4xis B b in e, the Focus re-
gtclircd, after Refraction at both the Sur-

es of the Leus: For the right Line m f
is in the {fame Condition, with refpeét to
the Emerfion of the Rays from the Leus,
in which' M F was with relpect to their Im-
merfion. |

In like manner, if of the fix Points, A,
B, E, a, b, ¢, any other five be given, the
fixth may be determined: For Example ;
From the two Foci, the Thicknefs of the
Lens, and one Surface being given, the
other Surface may be difcovered.

This is the Conftruttion which Barrow
received from a Friend, and placed, with-
out any Demonftration, at the End of Lel7,

XIV.

YRer. XVIIL EHEEOR: Vi

X F a plave radiant Surface [ends out
Rays upon any plane or [pherical re-
fraiting Surface, the Rays proceeding from

evEry
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every Point of the radiant Surface will,
after ‘RefraGtion, bave their rffpeﬂzﬁre
Foci zery wnearly in ove and the [ame
Plane, parallel to the vadiant ?Jam’
'Plate 1L Fig. 18.

.’ Tiec. an»y refra&mg Surface be cxprcffcd
by BD, whofe Center is A, and a plane
radiant ~ Surface by the ncrht Line B F.
From A upcn E F let fall the Perpendicu=
lar AE meeting BD in B. FindC, the
Foous of thofe Rays after Refraétion, whofe
Focus before Incidence was E ; through
which draw the Plane C'T parallel to the
Plane FE. 1 fay, the Foci of Rays pro-
ceeding from every Point of the Plane E F
(or the principal Image of the Plane’ E F,
which is made vp of the Images of. every
one of thofc Points, with rvz;f'pe& toan Eye
placed in the Axis of Radiation: For we
take no Notice here of the fecondary Image
feen by-an: Eye in any given Situation,
which Barrozw has confidered in his three
laft Iett.) will all be pofited very nearly
in the Plane CT. From the Point F,
taken at Pleafure in the radiant Plane; to
the Center A, draw the right Line F A,
meeting the refracting Surface at D,
and the Plane CT in T. D C will be
the refrated Ray of the Incident ED ;
and fuppofe the refradted Ray of the Inci-

dent FB to be BH, meeting the right
L, Line
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Line DT in H. Becaufe the Angle EAF
is fuppofed but fmall; the Arch ED is to
be looked upon as a right Line; and a
Circle deferibed on the Dmmetcr B F will
pafs through the Points D and E, becaufe
of the Angles BEF, BDF bem right.
Whence the Angles E BF, DBF- (namely
the Angles of Incidence Of the Rays/F B
and E D) contained in the fame Segment,
are equal; and confequently the Angles
of Refration, ABH, AD C, will alfo be
equal. Therefore, by reafon of the An-
gles at A equal, the Triangles B A H,
DAC are equiangular ; and BA is to
AH, as DAt0AC ; and fince BA is
equal to DA, AH will be likewife equal
to A C: But becaufe the Angle EAF, or
TAC, isvery fmall; AT is very nearly
equal to A C; and therefore AHCAE
may be looked upon as equal; that is,
the Focus of the radiant Point F is {ituated
very nearly in the Plane C'T. And fince
I is taken any how, the fame will hold
true of all the Points of the Plane EF ;
namely, that their Foci will be in the Plane
CT. Which is demonitrated after the |
fame manner in any other Cafe whatever.

9. E, D.
CoRrRoOL

‘Hence it follows, that the Image of
the radiant Plane E F, to which the A’x;é;_
o
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of the Lens is perpendicular, is alfo a Plane
rallel to the former Plane : For the
mage conftituted in the Plane CT may
be confidered as a plane Surface fending
out Rays upon the fecond Surface of the
Lens. But if the Angle EAF be too
%eat, fo as that AT fhall much exceed
AC, and can by no means be looked upen
as equal to it ; in that Cafe 'tis eafy, after
the manner of Corol. Prop. VIIIL. to deter-
mine whether the Image of the Plane E F
will be convex or concave : For Example ;
It will be concave towards A, if B D, the
refraéting Surface, be of a denfer Medium,
and convex, or of a rarer Medium, and
concave ; ¢ vice verfa.

. Propr. XVIIL. Tueor. VII.

: l 'H E Image appears from the Vertex

- of Emerfion under an Angle equal to
that under which the Objett appears from
the Verwex of Incidence. Plate I1. Fig. 19.

Let G B, the Axis of the Lens, be {up-
pofed produced, and ftanding perpendicu-
larly on the radiant Pline FEH at E,
which (by Corol. of the foregoing Prop.) is
alfo perpendicular to its Image fCA.  Join
\ L2 the
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the right Lines BF, BH, Gf, G .

fay, the Angles' F B H, fG b are equal.
Out of the mnumerablc Rays proceeding
from the Point F, and after ReF aCtion at
the Lens, again umtr:d at f, the lmage of
this Point, choofe two, one of which, F B,
meets the Lens at the Pertex of Incidence
B, and being there refratted, tends to ¢,
the Focus of Tranfition of th&t Point; and
being again refradted at I, is directed to-
wards f: The other, F D - being firlt re-
fracted in D, tends ﬁralght on to ¢,  till it
emerges out ‘of the Lens at the Vertex of
Emerfion ; where being again refraéted, it
proceeds towards &

DG B is the Angle of Incidence of the
Ray DG, and C Gf' its Angle of Refrac-
tion ; and LBG 1s the Angle of Incidence
of the Ray L. B, which (by Cord/, 1. T beor.
IV.) would be refracted into B F, and
EBT is its Angle of Refraction. Becaufe
the right Lines ¢ B, ¢ G (B G, the Thick-
nefs of the Lens, being negleéted) become
equal, the Sines of the Angles D G B,
I.B G, which are proportional to thefe,
and confequently the Angles themfelves,
DGB, LBG, and therefore their Angles
of Refradtion, likewife CGf, EBF, will
be equal. - After the fame manner C G 4,
EBH are found equal ; therefore the An-
gles FBH, fG#4 are equal: Which is

| fhewn |
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thewn after the fame manner in any other
Cale whatever. 0., E.D.

CoRrorl.

Hence it follows, that a radiant Line is
to its Image made by a Lens, as the Di-
ftance of that from the Zerzex of Incidence,
to the Diftance of this from the Ferzex of
Emerfion, or (the Thicknefs of the Lens
being nr:-ﬂleé“tcd) as their Diflances from the
Lens. But if the Radiant be a Surface,
their homologous Lines will ftill remain in
the fame Proportion ; but the Radiant will
be to its Image in a duplicate Proportion of
‘thofe Diftances. 'Whence it will be eafy
to determine the Proportion which the /aff
Image (which is immediately feen by the
Eye) of an Objett, made by the Mediation
of one or more Lenfes, bears to the Objeét
it felf.

From this Prop. it follows likewife, that
a radiant Line and its Image are cut in the
{ame Proportion by the 4x7s of the Leus
produced.

Prorvr.
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Pror. XIX. Pros. XIL

HE Pofition of a Radiant in the
- Axis of the Lens being given, to de-
termine. its Image made by a given Lens,
with refpett 1o an Eye placed in the Axis
of the Lens.  Plate 1l. Fig. 20. |

Let PCQD be the Lens propofed; in
whofe Axis C D, produced at Pleafure,
fuppofe the Radiant to be placed, to the
extreme Points of which the right Lines
CE, CF dotend. Let & be the Focus of
Rays proceeding from that Point of the
Radiant which lies in the Axis, after Re-
fra¢tion at both the Surfaces of the Lens,
found by Prop. XVL Through which
draw the Plane e f, to which CD is per-
pendicular, Then through D the right
Lines Df, De being drawn parallel to CF
and C E, ’tis plain (from the two foregoing
Prop.) that f is the Image of that Point to
which the right Line CF is direéted, and
¢ is the Image of that to which C E is di-
reCted. From whence it is manifeft, that
the Image fbe will be feen by an Eye
placed any where in C D produced beyond
b, and receiving the Rays from the refpec-
tive Points of the Image diverging,

But
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But it is 10 be obferved, that every Point
of the Image £b e does not, like the primary
Radiant, [end forth Rays every way, and
guto all Parts ; but the Rays of each Point

conftitute a Cone oppofed at the Vertex to
‘that Cone, which bas the forementioned
Point for its Vertex, and ibe Lens that
refralls the Rays for its Bafe: Whence,
from the Situation of the Eye, and the Dia-
meter of its Pupil being given, it will pre-
fently be known whether the Eye will re-
ceive the Rays of any given Point; that is,
whether it will fee that Point.  Which Con-
Sfideration muft always take place likewife

in Vifion of Images made by a Speculum.
.. For Example ; If the Radiant be valtly
diftant, and the Surface P C Q plane,
PD Q convex, and the Lens made of Glafs
with Air all around it; D J will (by Co-
rol. 3. Prop. X1V.) bé equal to the Dia-
metér of the Sphere PD Q: For the Rays
being parallel to B C, pafs unrefracted
through the plane Surface P C Q, upon
which they fall perpendicularly; and the
Image in relpe¢t to the Radiant is in-

verted. -
But if PC Q be convex, 'and P D Q plane,
Cb will (by Corol. 1. Prop. Xlll. ard
Corol. 3. Prop. X1V.) be equal to the D:a-
meter of the Sphere P C Q, together with
a third part of C D, the Thicknefs of the
Lens. And negleéting the Thicknefs Ef
. the
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the Lens; as is ufually done in the objelt
Lens of a Telelcope, the Diftance of the
Image of a vaftly diftant Radiant, from a
Plano-convex Lens, is equal to the Diame-
ter of the Sphere.

- If the Plano-convex Lens PQ were of
Water, D5 would, by Prop. X1V, beﬁ,f-
qu;aircral of the Diameter.

If the Lens P Q be of Glafs, and bﬂth
its Surfaces equally convex, the Thicknefs
being negleted, D & WI“. (by Cerol. 1.
?rap XIV. and P ‘0p. XV.) be equal to
the Semidiameter of either Sphere. In an
entire Sphere of Glafs, the Image of a very
diftant Radiant: will be ‘at ‘the Diftance. of
a Quarter of the Diameter behind the
Sphere ; for in this Cafe the Thicknefs
of the Lens cannot be negleted : In one
of Water this Diftance equals the Semidia-
meter.

In all thefe and the like Cafes, if the
Sun be that diftant Radiant, and the Lens

be notably broader than the Image of the

Sun, in the Place of the Image a Burn-
ing will be excited ; and that more vehe-
ment than from a concave Speculum, if
the Image of the Sun be equally diftant
from a Lens and Specalum equally broad,
becaufe of the greater Lofs of Rays at
this than at that. 1f a lucid Body be put
in the forementioned Place, the Imagc of it

wlll be caflt at a very great Diftance, and
will
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will enlighten thofe Parts' that are vaftly
remote,

If the Radiant be not vaftly diftant as
before, but yet more remote from the Leus,
than the Place of the Image of a vaftly di-
ftant Radiant; befides the Appearances juft
explained, namely, that the Image will be
inverted, ¢c. if the Radiant approaches
towards the Lens, the Image will recede,
and vice verfa ; till the Radiant comes to
the Place of the Image of a very diftant
- Radiant, and then its Image will become
. vaftly diftant, All which may be feen in
a darkened Chamber, receiving no Light
but through a convex ZLens, upon which
Radiants at different Diftances caft their
Rays. The Place of the Image of any Ra-
diant is known, by its being painted moft
diftin¢tly upon a white unpolifhed Plane,
fituated in the Chamber. Nor is there
need of fubjoining any thing more of this
Experiment, which 1s now very common ;
or of that other, foundedupon the fame
optical Principles, in which, by the pellu-
cid Colours of a Piéture painted upon Glafg,
and tranfmitting the clofe Rays of a Flame,
an Image is thewn painted upon a white
unpolithed Plane.

If the Radiant be ncarer the convex Lens
than the Image of a vaftly diftant Radiant,
then its Image will be formed not on the

M oppofite,
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oppofite, but on the fame Side of the Lexs,
and its Place according to what has gone
before, from the Place of the Radiant being
given ‘will be determined. This Image is
alwas ere&, and greater than the Radiant :
And 25 the Radiant approaches. to the Leus,
the Image likewife approaches to it ; and
in like manner they both recede from it
at the fame time, but the Image more
{wiftly.

Fig. 21. If the convex Lens were changed
into a concave one, the fame Conftruétion
remains ; and by a ’ Calculation (according
to the Cirollaries of Prop. XIV.) eb f,
the Image of a very diftant Radiant, made
by a Plano-concave Lens P Q, will be
found ere&, and on the {fame Side of D
with the Radiant, and diftant from it by
the Diameter of the Sphere PD Q. Now
if the Surface P C Q be alfo fpherical, and
the Radiant from being diftant becomes
near, its Image will be determined by the
fame Conftruction, if by Prep. XV. the
Image of the radiant Point placed in the
Axis of the Leuns be firft found, In which
Cafe, befides what has been juft now faid,
it is alfo to be obferved, that the Image
approaches to, or recedes from, the Lenus
at the fame time as the Radiant does, but
more {lowly ; as will be plain to any one
who will give himfelf the Trouble of a Cal-
culation,

et
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Let the Rays of any Radiant, inflected
after fuch a manner as to be ready to form
the Image ¢/ f if nothing hindered, be con-
ceived to be intercepted by a Plano-con-
cave Lens P Q; upon whofe concave Sur-
face PDQ, defcribed on a Diameter equal
to the right Line D 4, they firft fall: The
fame Conftruction as before determines the
Image made after the Refration of thefe
Rays at the forementioned Lens: For (by
Corol. 4. Prop. XV.) the Rays converging
towards  are fo refrated from the concave
Glafs, as to become parallel to the Axis,
that is, theﬁ( conftitute a vaftly diftant
Image, to whofe extreme Points (by the
foregoing Theor.) the right Lines E C,
FC, oreD, fD, are directed, and which
is confequently given in Pofition. And
in this Cafe the chief Thing to be obferved
is, that, to an Eye placed about B, the
diftant Image appears inverted, in refpe&
to the Image that would have been made
at ebf, without the Intervention of the
Lens. It will be eafy to proceed in all
other Cafes, according to thele Examples.

M 4 Prow,
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Pror. XX. PRros. XIII.

O find fuch a Pofition of the Radiant

with refpect to a given Lens, that

the Image made by the Lens may be equal
20 a given Figure, which is fimilar to the
Radiant : Or, wbich is the [ame thing,
that the Radiant may be to its Image
made by the Lens in a given Proportion.
Platc II. Fig. 22. -

Let a Lens of Glals be given; for Ex-
ample ; Let A B be the Semidiameter of the
firft Surface, and CB the Semidiameter of
the fecond Surface. Draw CM at Plea-
fure, making any Angle with CA. Let
the Proportion of M D to D C be given ;
namely, that which the homologous Lines
of the Radiant and its Image bear to one
another, Join A M; to which through B
draw B E parallel, mecting the right Line
CM in E; ME taken twice wiil be the
fought Diftance of the Radiant from the
Lens. 1t Dm be taken in the fame right
I.ine, but on the other Side of the Point
D, equal to the right Line D M, and you
join A ; Be, drawn parallel to this, will
cut off another m e, which will likewife

fatisfy
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fatisfy the Problem: For the Radiant pla-
ced‘at the Diftance of twice me from the
Lens, is to its Image (but then it will be
made on the contrary Side of the Lens with
refpe¢t to the former Image) as DM to
D C. ,

By Corol. Prop XVIIL. the radiant
Line is to its Image madge by a Lens, as
their Diftances from the ZLens : But
if twice ME, or twice me, be the Di-
ftance of the radiant Point from the
Lens, the Diftance of the Image of that
Point from the Lens, will be to the for-
mer Diftance refpetively, as M D to
DC; aswill be plain to any one, who
will undertake a Calculation according to
Prop. XV. TForif AB be called z, BC
b, the Thicknefs of the Lens C, M Dr,
and z the fought Diftance of the Radiant -
from the Lens of Glafs about which Air
is circumfufed ; we fhall have z2 =

6abz—z2aczt6arzxzcrztaacr

3a—c+35b
If the Thicknefs of the Lens be neglected
(which is done in the Confiruétion of the
Problem ) the fought Diftance of the
Radiant from the Lens wiil be equal to

——

24bX2avr

—
"

a-+b

In
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- In the Scheme referred to the J.ens is
made convex on both Sides; but the fame
Conftruction will {erve for any Lens, fince
from the Variety of Leufes only the Ordet
of the Points A, B, and C is changed. An-
other Conftruction of this Problem is eafily
deduced from Corol. Prop. XVI.

Pror. XXI. Pros XIV.
‘ N T Ith two given [pberical Lenfes or

Specula, or one Lens and one Spes
culum, 2o make an optical Machine, whichy
to an Eye feeing at a given Diftance, fhall
diftinttly reprefent a given near Objett un-
der a givein Angle, the Diftance of the Eye
from the laft Lens or Speculum being like-

wife affigned.

Since the Eye is a Machine made on pur-
pofe, that the Images of exterior Radiants
may be diftinétly painted upon its Bottom
(which is made concave for this End, as
Corol. Theor. V1. requires) all the reft of
its Apparatus conducing only to its Mo-
tion or Security, which are neceflary to be
provided for; it is plain, that a given Eye
can only fee diftinétly at a given Diftance

from the Object, Now if the Eye could place
| it
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it felf at Pleafure, at fuch a Diftance from
any Object as is neceflary to diftin¢t Vifion,
(all other things, as the Degree of Ligh,
¢re. being as they fhould be) Vifion would
always be diftinét. And though there be
no Eye {o ftiff, as to fee only at a deter-
minate Diftance, but can, according to the
Flexibility or Mobility of the Parts with
which every Eye is endued, apply it felf
to Objetts placed at different Diftances, and
change its Figure according to the Diftance
given; fo as to be no longer looked wpon
as the fame given Eye, but various and
mutable, as Occalion requires: Yet, fince
this Mobility is confined within certain Li-
mits, and there are a great many Objelts
to which we cannot at Pleafure come near
enough to be within thofe Limits; tis
plain, there will be need of an optical Ma-
chine to {ee them diftinétly. Buc any fphe-
rical Lens or Speculum will be fufficient for
this Purpofe; fince by its Affiltance the
Image of any Radiant (to which we cannot
come {o near as we would) may be brought
near us (as is plain from what has been be-
fore demonftrated) and then we fhall be
able to view it, fince the Eye is fuppofed
moveable at Pleafure with refpeét to any
thing near.

But becaufe, befides diftiné& Vifion, our
Occafions fometimes require us to look into
the more minute Parts of an Object, and

it



96  The Elements of Dioptrics.

it is found by Experiment, that an Ob-
ject feen under a lefs Angle than of one
Minute, is confidered by the Obferver as
a Point, and its Parts not at all to be dif-
tinguifhed one from another : It often hap-
pens, that when the Objeét is brought
nearer the Eye, that the Particles to be
obferved may be feen under a fenfible An-
gle, and greater than the forementioned
one, the Objeét it felf becomes too near the
Eye, and is out of the Limits required
for diltin& Vifion. This Inconveniency,
if it be the only one, may be remedied by
the Afliftance of any given Lens or Spe-
culum, by Prop. X. or XX. whee the
Image of an Object made by a given Spe-
culum or Lens is reprefented in any given
Meafure.

But if both the forementioned Inconve-
niencies urge at the fame time, they are
not to be removed without the Help of two
Lenfes or Specula, or one Lens and Specu-
/um. Having fhewn therefore what Affift-
ance the Sight may receive from a fingle
given Lens or Speculum, we fhall proceed
to Machines made by two combined toge-
ther ; or to conltruét the Problem propofed
umvﬁr{'ally Plate 11. Fig. 23, 24.

Let R be the given Objeét, S the given
Angle in which it is to be repre{'cnted D
the given Diftance requifite to diftin&t Vi-
{ion, and L the given Dzﬂan{:{: of the Eye

from
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from the Lens. Make the Triangle AO B,
in which the An le at the Pertex O is
equal to the given S and O E perpendi-
cular from the Perrex upon the Bafis
equal o the given D, 1f we take the
middle Point of the Obje& placed in
the Axis of the Lens or. Spemlum, which
in Practice is very convenient, the Trian-
%e A O B ‘muft be made Ifofceles. - Take

V equal o L. At V place either of the

Lenfes or Specula, having its Axis in the

right Line O E. _
| Prop. V1. or XVI. having one Focus

E Gly a Lam or Speculum given, find the
other ¢; that is, that the Rays whofe Fo-
cus before Incidence is ¢, may have E for
their Focus after Inflexion at. the Lens or
Speculum. ~ Through e draw the right Line
aeb parallel to the right Line AE B,
meeting the right Lines Va2, V 2, drawn
through V parallel to the right Lines VA,
VB, ing and b.

"Tis plain, from Prop. IX. or XIX. that
if aeb be the Radiant; A EB will be its
‘Image : Wherefore if the ‘given near Ob-
ject R, and another Lens or Speculum, be
‘placed after fuch a manner (by Prop. X.
‘or XX.) that the Image of the Object R
made by this Lewns or Specu/um, may ob-
“tain the Situation and Magnitude aeb ;
‘the Microfcope required is made : For
‘aeb is the Image of the Objeét R, the

N lmagc
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Image of which Image, feen by the Eye
placed in O, is AEB. Now this appears
under the Angle AO B equal to the given
S, and at the Diftance O E equal to the
given D, and confequently diftin& ; and
the Diftance of the Eye from the laft Lens
or Speculum in V, is equal to the given L,
O P |

If the given Eye be an old Man’s, every
thing elfe remaining as before, the right
Line O E becomes infinite, and the Point ¢
is found by Prop. I11. or XIV.
- If the Object propofed were vaftly di-
ftant, the Problem would be impofiible,
But if the Angle S were not given, a Te-
lefcope from the remaining Dare might
thus be made. In the right Line given in
Pofition, tending towards the propofed di-
ftant Object , ftraight forward from O,
take OF, OV, equal to D and L : And in
V place one of the Lenfes or Specula, hav-
ingits Axisin VE. By Prap. Vl.or XVL
one Ficus E of the Leus V being given,
find the other ¢; which being fuppofed the
Focus of Rays before Inflexion at V, E
may be their Focus after Inflexion. In the
right Line O E let the other Lens or Spe-
culum, having its Axis in the {fame, be fo
placed, that the Image of the diftant Ob-
jet made by it may be fituated in the
right Line a2 ¢ & perpendicular to O E, and

the Telefcope required is made, For the
; firft
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firt Image of the diftant Objeét is in
aeb: And the Image of this Image is;
by Conftruétion, in AEB, whofe Diftance
from O is equal to the rlght Line O E or
the given D, and confequently diftinétly
feen; and the Diftance of the Eye from
V is equal to the given L. But a diftant
Objeét being given, by Prop. XIX. its
Image made by a given Lens or Specu-
lum, and likewife the Image of that Image
made by the given V will be given, and
confcquently the Angle under which this
laft is feen by the ]:.ye in a given Pofi«
tion.

But if O be an old Man’s Eye, the An-
gle AO B, becaufe of AB bemg in this
Cafe vaftly diftant; is equal to AV B, or
aV b. Therefore the Angles under which
a diftant Objeét with and without 2 Machine
appears, are as the Diftances of the Lenfes
or Specula from the common Focus e :
For fmall Angles are almoft as their Co-

tangles,
- ScHoLIU M,

It will be very convenient that the Leus
or Speculum, which immediately receives
the Rays of the Object, and forms its firft
Imace (and is thcrefure called the Objet?
Glafs) be as perfect as poflible : For the

Errors'or Defeéts of this Lens or Speculum
N 2 aftect
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affe& the Image made by it. And fince
this Image ats the Part of an Objeét, to be
feen through the Speculum or Lens V,
(which is neareft the Eye, and therefore
called the Ocular Glafs) its Defeéts, that
is, the Defeéts or Errors of the Objeét Glafs
by which it is formed will be greater and
more fenfible, ' by how much the Image
AEB is greater thange b; that is, by how
much more perfe& (the Object Glafs re-
maining the fame) the Machine is made.
But the Errors of the Ocular Lens or Spe-
culum V, are equally fenfible, whatfoever
be the Image @ ¢ b, or the Object Lens or
Speculum by which it 'is produced ; that is,
the Ocular Glafs V remaining the {ame, its
Defe&s are: equally apparent and difcove-
rable, to whatfoever Degree of: Perfeétion
the Machine, by changing the Obje& Lens
or Speculum, which forms the Image zeb,
be brought: For the Eye being given, the
siven Ocular Lens or Speculum V is always
at the fame Diftance from the Image aeb,
doing the Office of an Objeét and its Image

A E B, and confequently fthews the fame
Defedts.

PRoE.
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- Pror. XXII  Pros. XV.

Wftb three or more given [pherical
Lenfes or Specula, 70 make a Ma-

chine, which to a given f’ye Shall diftinttly
veprefent a propofed diftant Ob eﬁ under @

iven Angle, the Diftance of t e from
%ZJ# laft Lens or Speculum Z;emg mﬁ .

By the Help of any one of the given
Lenfes or Specula from the Image -of the
diftant. Objeét, and with the two others,
by the Foregomg Prop. make a Microlcope
that fhall reprefent it in the Conditions
propofed, and the Telefcope r&qulrcd is
made,

In like manner with thefe Leq(&_r or Spe-
cula may a Microfcope be made; and then
by adding a fourth, another Tclef‘cope:
In all which we have the Propertion which
the Image feen by the Eye bears to the Ob-
ject, or which the Angle under which that
is {feen, bears to the Angle under which
this is feen without the Machine: And
confequently the Powers of a Machine in
promoting Vifion, are, by Corol. Prop. IX.
and XVILI. eafily eftimated.

Pror.
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Pror. XXII. ProB. XVI.

: l 'O make a_ [pherical Lens of Glafs,
w.!:wqﬂ* Thickne[s is given that ﬂmlf
to an Eye feeing at a given Diftance re-
prefent a given Objett placed at a given
Diftance, under a given Angle diftinétly;
the ‘Diftance of the Eye from the Lens
being likewife affigned. Platc lII. Fig. 1.

We have hitherto fhewn what Affiftance
may be had from given Lenfes or Specula,
or both, howfoever combined, in order to
fupply the Defects of Vifion; it remains;
that we demontftrate the Manner of making
a Lens for given Ufes.

The radiant Line A B, whofe D:ﬁance
from the Lens is VE, is to be reprefented
diftin&tly under the vifual Angle 2 O b,
to an Eyc fecing diftinétly at the Diftance
Oe¢. In the Ifolceles Triangle 204 (whofe
Bafe is 2 b, and Height ¢ O) upon the Per-
pendicular O¢ (fo fi tuated as to bife& the
radiant Line A B perpendicularly in E)
take O L equal to the given Diftance of
the Eye from the Lens.” Draw 2L, b L,
and producc them to D and F. Make
L V equal to the given Thicknefs of the

Lens. From the right Line VL, given
in
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in Pofition, perpendicular to the Glafs at
the Points of Incidence, draw the refracted
Rays in Glafs V ,, V8, L H; L G corre-
{ponding to thofe in Air AV, BV, DL,
I L. Produce the right Lines HL, G L,
till they meet with the right Lines V8,
Ve in 8 and «. The right Line « 8 join'd,
will cut the Perpendicular ¢ O perpendicu~
larly in ¢, becaufe both the Angles of Inci-
dence and of Refraction, on each fide of
the right Line O ¢ are equal. From the
Foci E and e, and the Vertex V being
given, find (by Corol. 2. Prop. XV.) the
Sphere of Glafs KV M that may refract the
Rays in Air diverging from E, fo as to
make ‘them converge towards: By the
forementioned Corpl. find alfo N L P, the
Surface of a Sphere of Air pafling through
L, that may refraét the Raysin Glafs con-
verging towards their Focus ¢, {o as to make
them afterwards diverge from ¢ : The fo-
lid Figure M X N P, being made of Glafs,
and terminated by the fpherical Surfaces
KVM, NLP, and a conic Surface whofe
Axis is V L, is the Lens required. But
Care muft be taken, that the Portions VK,
L N be not 'too great ; becaufe all the
preceding Demonftrations hold only true of

Rays falling near the Pertex.
By Conftruction, the Rays diverging
from E do, after Refradtion at the firft
Surface
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Surface 2KVM converga to the Focuse:
herefore ' (b . XVIL.) the Image
of ' the radian hght Line A B (made by
Rf:fra&mn at KV M) is in the right Line
»5 givenin Pofition: But'the Ray AV, by
Con{tru&mn, aﬁcr it is refratted at the
Surface X'V M ‘comes to the Point; there-
fore thdt‘*Pomr « is the Image of the Point
A, whlch is produced by the firft Surface
nhly In hkc manner 8 'is the Tmaga of
the Point B ; ‘and the right Line ¢ is the
Image of the radiant ‘right: Line A E B.
Moreover ( by Conftruction ) the Rays
within the Lem‘ that converge towardse,
after they: are refralted 'at the Surfaee
N L P, diverge from ¢; wherefore (by
Prop. XVIL ) the Image of the future
Image «:8, made by Refraction at the Sur-
face NLP, is in the right Line @ e b : But
the Ray G'L within the Lens," proceeding
diretly towards «, after it is refratted,
“becomes L F, and prﬂcceds from a ; whence
the Image of ‘the futurekﬁna[ge in o, after
Refraction at N L P, bécomes # : And fo
likewife “the Rays Wlt’Bln the Lens that
converge towards g, after Refraction’ at
NLYP; dlver ge from E: that is, aeb is the
Image of the Radiant Ahﬂ placed at g
given Diftance VE from the Liens, made
by the Lens NKM P, zzﬁdltb be feen di-

ftinctly by'a given Eye in'O ; becaife: it s
at




The Elements of Dioptrics 103

at the required Diftance O¢ from the Eye,
and is alfo feen under the given Angle 2O
by the Eye O, which is at the given Di-
ftance O L from the Lens, and V L is the
given Thicknefs of the Lens, Q. F.F.

.. The fame Conftruétion ferves, if the
Eye of an old Man be given: For in that
Cafe aeb is at an infinite Diftance, and
the former right Lines aL, &L muft be
drawn through L. parallel to the right Lines
Qa; O b given in Pofition, and the Center
of the Surface N L P (by Corol. 6. Prop.
XIV.) is diftant from L by a third part of
the nghthc L:. e

..But if the Obje& propofed be a diftant
one,. the Conftruction will become much
more fimple: For the Center of the firft
Surface KX VM (by Corol. 1. Prep. XIV.)
will be diftant from the Pertex V by a
third part of the right Line Ve =~

'PRor, XXIV: PROE. XVIL

* Y 0 make a concave fpherical Specu-
A lum of Glafs, whefe Thicknels and
Diameter-of Coucavity are given, [0 that
tbe Rays parallel io its Axis, refleiied
f@?q both 4ts Surfaces, [hall be collefied
' O in
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in the [ame ‘Pamr of its Axxs. Plate IL
F‘ib y

“ ‘Becaufe it is found by E:?:pentnte, that
Spfﬁzz!a made- of Metals neither ‘receive
4 due Figore and Polithing fo ‘eafily, nor
preferve it {o Jong, 1t will be convenient
to ufe thofe of Glafs. T.et'B then be the
Vertex of the concave Glafs Strface EBF,
A its Center, and B D the Thicknefs of
the Lens, be given ; we are to find D C
the Semidiameter of the Surfice G D H,
fo that the Rays parallel to A B, and .
falling upon the concave Spemfﬂm, as
well thofe that are refleted from the Sur-
face EBF, as thofe that are twice re-
fracted at 'the forementioned Surface EBF
at’ their Entrance into it and Emerfion out
of it, but refledted from the concave Sur-
face G DH, 'may all meet in the {ime Point
of the Axis A B Or, which is the fame
thing; a Specartum of Glals 15 to be made
after fuch a manner, that the two Images
of a diftant Object, “made by the two Sur-
faces of the Specul/um, may coincide, and
confequently {o as to be moft puwerful in
burning, or in forming the Images of diftanc
Obje&s. Plate 111. Fig. 3. .
From any Point L of the infinite right

me S M Qﬂ one Side take I. N equa to
BD,
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B D, and on the other Side I, R equal
to twice BD; from N likewife directly
forward take NT equal to thrice A B,
and T V' equal to twice N'T, and VM
alfo equaltotwice RL. On the Center
R, with: the Radms R'T, deferibe a
Circle meeting the Perpendicular eretted
at L in K. {oin M K ; and at K ereét
the Perpendicular K S meeting the infinite
right Line firt drawn, in S, Fig. 2. In
the right Line D A, from D towards A,
take D C equal to the right Line L §;
and on the Center C with the Radius
C D defeoribe an Arch of a Circle DG,
fimilar to; the Arch B E defcribed on the
Center A, and join EG. The folid Fi-
gure, generated by the Rotation of the
plane Figure BDG E about the fixed right
Line B D, and confifting of Glafs, is the
Speculum required. O, E. F.

Fig. 4. But if A'B be Tufficiently large
in refpet to the Thicknefs B D, the
Problem will admit of ‘this more expe-
ditious Conftruction.  Divide BD in O,
{o that the greatelt Segmient B O may be
to the lefler O D, as 5 to 4. Produce
B A to C, fo-that C A 'may be equal to
OD; and C will be very nearly the
Center of the outward Surface G D H.
0, B,

- O 2 We
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We ‘fhall omit the Demonfiration: of
thefe two Conftruétions ; becaufe it is very
eafily deduced from the following analy-
tical Calculation founded upon  Prip."V.
XIV. and XV. Forif AB=a, and BD
—¢, we fhall have DC=ygaa+18ac-+sce.

SEvP I §ig T
In like manner may a Speculum be made,
if the Radiant be in any other Pofition.

I had determined to have fubjained a
general Caleulation for finding the Foct
of any Speculum or Lens univerfally: But
that is abundantly done already for Lenfes
by that excellent Analyft EpmM. HAL1EY,
in the Philofophical Tranfatiions for No-
wember, 1693, and clegantly applied to
particular Cafecs. '

ScHOoLIU M.

Hitherto we have fhewn what Advan-
tages may be expeéted from {pherical
Lenfes or Specutfa, towards the Conftruc-
tion of Machines: But the different Re-
frangibility of the Rays of Light, and
that in given Rays given, immutable,
and annexed to certain Colours, difeo-
vered by that admirable Philofopher Sir
| Isaac
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Isaac Newron, has fo much dif-
turbed ~our Dioptrical Reafonings, that
no Exaétnefs can now be hoped for from
Lenfes, even-though formed into what co-
noidical ‘Figures we pleafe. ' But fince the
Law of Catoptrics concerning the Equa=
lity of the Angles of Incidence and Re-
flexion, is preferved 1nviolable in Rays,
however heterogeneous, as the fame Great
Man obferves ; it is better to' ufe a Speca=
lum inftead “of. .the Objeét Lens, which
forming thé Image of a diftant Object at
a confiderable Duftance, difcovers the Er-
rors that “arifc from the different Refran-
gibility of 'Rays fenfible enough, and not
2t ‘all to be diffembled,” if the Rays fall-
ing obliquély be admitted by an Aperture
{ufficiently large, which is very often ne-
ceflary : But in fimaller Lenfes, fuch as the
ocular ones, the Error is fo finall and infen-
fible, that they may be ftill fafely ufed.
Fames rregory t was the firft who gave
a Specimen of this Sort of Caza-Dioptrical
Telefcopes, coniilting of Lenfes and Specu-
la, in Optic. Promot. Prop. 59. which
was many Years afterwards given out by
Mr. Caffegrain, a Frenckman, for his own.
The fame, upon Phylical as well as Geo-
metrical Accounts, altered and improved,

¥ See the Latin. + Our Author’s Uncle,
5
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is: publifhed by Sir Isaac NewTo N,
in his admirable Theory of Lights and Co-
lours. | |
Since Specula, being opake Bodies, can~
not have: the fame Axis with Lenfes with=
out being perforated at their Pertex, and
confequently fuffering an irreparable Lofs
(arifing from both thefe Caufes) of thofe
Rays that fall near the Ferrzex, and are
moft accurately reflected : The Pofition of
the Axis may (by Corol. 1. Prop. IL.) be
altered as we pleafe, by the Help of a plane
Speculum ; and by this means (befides other
Advantages) the Neceflity of Perforation is
qu te taken away, and the Lofs of Rays
falling near the Jxis, occafioned Dy “the
Opacity, is very much diminifhed by the
Obl qity of the fecond: Specaulum, which
is obferved by the accurate Neéwror in his
Cata-Dioptrical Telefeope. ' But if; by
rcafon of Phyfical Difficulties, in turning
and polithing proper Specu/a, we muft ftill
continue the Ufe of Lenufes, perhaps it
would be of Service to make the Obje&t
Lens of a different Medjum, aswe fee done
in the Fabrick of the Eye; where the cry-
ftalline Humour (whofe Power of refracting
the Rays of Light differs very little from
that of Glafs) is by Nature, who never
does any thing in vain, joined with the
aqueous
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aqueous and vitrecous Humours (not differ-
~ ing from Water as to their Power of Re-
fragion) in order that the Image may be
painted as diftinét as poffible upon the Bot-
‘tom of the Eye. There are likewife other
Advantages of the forementioned Artifice
in the animal Eye, which belong not to
this Place.




SUPPLEMENT

To the foregoing WoRrEk.

I N order to remove whatever
Difficulty mighe lie in the
Way of a Reader who is to
begin with this Subjeét, and
interrupt his Progrefs thro’
this moft excellent T'reatife
(befides having all along in
the Tranflation explained fuch Pafiages as
the Author’s Laconic Style has made fome-
thing too intricate for a Beginner, and cor-
reted f{everal confiderable Faults of the
Prefs, which had efcaped his Care) I have
thought it proper to fubjoin a few thingss
which may perhaps be of Service to ob-
viate fome farther Difficulties, and fupply:
fome feeming Defets,

I. From
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- L From Prop. V1, Prob. V.

. We may give a Selution of the following
_cfa'topl_:rical Problem, for finding the Focus
iaﬁy iven Speculum aniverfally ; which
the Author tells us, at the End of bis Book,
1t was once bis Defign to bave done.

The Problem is this. The Focus, or Point
in the Axis of a given Speculum, from
whence, or towards which, Rays proceed,
being given, to find the Focus or Point where
tfw/§ %{aﬁ will meet again, after they fall
upon, and are refletied by, a given Speculum,

Now this Problem being folved in one
Cafe, namely, that of Rays falling upon a
convex Speculum, and diverging from a
certain Point in the dxis of the Speculum,
will, mutatis mutandis, be applicable to
all other Cafes whatever, whether the Spe-
culum be convex, concave, or plane, and
whether the Rays fall diverging, conver-
ging, or paraﬂéz

[Plate 1. Fig. 9.] Let then BD be a
given convex Specalum, whofe Center is
A, and E a given Point in its Axis, from
whence the Rays which fall upon the Spe-
culum diverge : It is required to find the
Focus, or Point C, in which the Rays E D
diverging from the Focas, or Point E, do,
after Reflexion from the convex Speculum
‘BD, mect, Call E B the given Diftance of

the Point E from B the Ferzex of the Specu-
| AT lum
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lum d, A B the given Radius of the Specu~

lum r, and B C the Diftance of C the Focus

tequired from B the Pertex of the Speculum,
x. By Prop. VL. Prob. V. AC(r—=x):

CB(x):: AE(d4r): EB(d). From }
whence arifes the Equation, dr —dx=dx

dr
+rx, which gives us BC (x) = — ~—
| | sg-1
for our general Rule ; which fhews, that in
the Cafe of diverging Rays falling upon a
convex Speculum, the Focus € is always

affirmative, and to be taken from the Per-

zex B direétly forward : And that the great-
er 4 is, the greater will be the focal Di-
ftance, till at laft Z becoming infinite, and
confequently the tinite T'erm -7 vanifhing,

gr
it will be x === or half the Radius ;
2.

that 1s, the Radiant receding from a conzex
Speculum, the Image will al{o recede beyond
the Fertex of the Speculum ; but {o flowly,
that when the Radiant becomes vaftly di-

ftant, the Image will be got no farther than |

the middle Point, between the Fertex and

Center of the Speculum: And vice verfa,

the nearer the Radiant approaches to the |

Speculum, the necarer the Image approaches

to it, till at laft they both meet and coin~ |

cide at the Pertex. According to Obfer- |

1

vat. 2. Schol. Prop. VI1II.
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If EB (d) be equal to A B (r), the
y

fecal Diftance B C becomes =—: But if

' 3
E B (d) be equal to half AB (ir). the
focal Diftance will in this Cafe become
r.

4
Now to apply this univerfal Canon to all
other poffible Cafes; the Terms of which
it confifts remaining always the fame, ’tis
only changing the Signs -|- or — according
as the Cafe requires : For in the Cafe of
conzerging Rays, the Point in the Axis of
the Speculum towards which they converge,
is on the other Side of the Pertex of the
Speculum, and confequently its given Di-
ftance, in refpect to the former, is negative,
or —d. For the {fame Reafon, in the Cafe
of a concave Speculum, the Center of the
{fpherical Surface lying on the contrary Side
of the Fertex, the given Radius becomes
negative, or—r. And in thefe Cafis re-
{pectively, wherefoever the Quantity & or r
‘occurs, it muft have a contrary Sign to what
it had before.

If then concerging Rays fall upon a con-
vex Speculum, d being in this Cafe nega-

— ar
~—~ ;. »Which
—2d-\-r

P 2 fhews

tive, the Rule will be
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fhews, that when 24 exceeds v, the Focus
will be ftill affirmative; but if 24 be lefs
than », the Focus will be negative, or on
the contrary Side of the Perzex of the Spe-
culum : That is, if the Point behind the
Speculum, towards which the Rays converge,
be at a greater Diftance from the Pertex of
the Specuulum than half the Radjus, the
Focus is ftill to be taken from B the Pertex
direétly forward, according to Corol. Prop.
1V. But if its Diftance be lefs than half
the Radius, then the Focus muft be taken
from the Pertex B backward, according
to Corol. Prop. VI. When 4 is equal to

—dr,
s r, the focal Diftance becomes = ——
- 0

and is confequently infinite : That is, Rays
converging to a Point in the 4xis of a con-
vex Speculum, at an equal Diftance between
the Center and Fertex, will, after Reflexi-
on, proceed parallel, according to Corol.
Prop.111.  When 4 is equal tor, the focal
Diftance becomes = ; that is, Rays con-
verging towards the Center of the Specu-
dum, arc refleéted by a convex Speculum |
back again upon themfelves,
If parallel Rays fall upon a convex Spe-
culum, d in this Cafe becoming infinite, the |
ar |

Rule will be — =32 ; which fhews, that
2d s

Rays
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Rays falling parallel upon a convex Specu-
Jum, are colleéted in a Point at the Diftance
of half the Radius behind the Speculum,
according to what has been demonftrated
at Prop. 11I. And confequently a valtly
diftant Radiant will have its Image formed
in this Point ; whence the Sun’s Beams will
be there colletted, and heat or burn any
thing placed therein.

If diverging Rays fall upon a concave
Speculum, the Radius be;ng in this Cafe
- —dr
— ¢, the Rule will be

; which fhews
2d—r
that when 4 is lels than 3 ¢, the Focus is
affirmative ; when d is equal to 3 r, the
Focus is infinite ; and when 4 is greater
than 3, the Focus is negative ; and when
d is equal to r, the foca/ Diftance is ——r:
That is, if the Point in the 4xis of the Spe-
cwlum from which the Rays diverge be
nearer the Pertex than half the Radius,
the Focus will ftill be behind the Speculum,
according to Prop. V. If it be juft at the
Diftance of half the Radius, the Rays after
Reflexion will proceed parallel, according
to Prop. 11I.  1f it be at a greater Diftance
than half the Radius, the Focus after Re-
flexion will be on the fame Side of the
Speculum with the Focus before Reflexion,
or Point from which the Rays diverge. 1f
it be at the Diftance of the whole Rﬂdifilf >
the
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the Rays after Reflexion meet in the fame
Point from which they firlt diverge. It
is moreover manifeft, that the more 4 ex-
ceeds 3 r, the lefs will be ‘the negative
focal Dlﬁance but if 4 be infinite, the
—dr
focal Diftance in this Cafe = — =:r,
2 gl
can be no lefs than half the Radius : And
on the contrary, the lefs 4 exceeds } r, the
greater will be the focal/ Diftance; tidl at
laft, & becoming equal to % r, the focal Di-
—dr
ftance in this Cafe — —— becomes infi-
e
nite. But when 4 grows any thing lefs than
17, the Focus becomnin g aﬂfrmarwe, is thrown
at a greater Diftance on the contrary Side
of the Speculum ; and by how much 4 is lefs
than 47, the lefs will be this affirmative foca/
Diftance, So that a Radiant placed at a
greater Diftance than half the Rddmi from a
concave Speculum, the farther it recedes from
the Specul/um, the nearer its Image which is
on the{ame Side approaches to the Speculum,
and at the Center of the Speculum they meet, |
and afterwards crofs one another, till the Ra- |
diant becoming, va/tly d.gﬁmfr the Image |
will come within half the Diftance of the |
R adius from the Speculum : And vice verfa,
the nearer the Radiant approaches the Spe-

culum, the farther the Image recedes from
- it,




to Dr. GREGORY's Optics. 119

it, and at the Center of the Specu/um both
meet, and afterwards crofs one another, till
at laft the Radiant coming to half the Di-
ftance of the Radius from the Speculuwmn, the
fmagf: becomes zaftly diftant : Whence if a
lucid Body be placed at the Diftance of half
the R adius from a concave Speculum, it will
enlighten Piaces that are vaftly diftant.
If the Radiant comes nearer the Speculum
than half the Radius, the Image will be
caft from before the Speculum to a great
Diftance on the contrary Side ; and the
nearer the Radiant now approaches to the
Speculum, the nearer will the Image like-
wife approach to it, till at laft they both
coincide at its Fertex, and vice verfa, ac=
cording to Obfervat. 1. Schol. Prop. VIIL
If ﬂunw%:}:g Rays fall upon a coucave

Speculum, d and r being in this Cafe both
dr
negative , the Rule will be ~——=—
— 24 — rs;

which fhews that the Focus is always nega-
tive : That is, Rays that fall converging
upon a concave Speculum, will always be
collected in a Point or Focus on this Side
the Speculum, according to Corel. Prop. V.
If d be equal to r, the focal/ Diftance is

— :f; but if 4 be equal to 3 r, the focal

—_—
Diftance 15 = =——,
4 if



120 ASUPPLEMENT

If paralle! Rays fall upon a concave
Speculum, d in this Cafe becoming infinitey

| —dr
the Rule will be --—; = ==y That is,
2

Rays falling parallel upon a concave Spacu-
Jam, are colle¢ted in a Point at the Diftance
of half the Radjius on this Side the Specu-
/um, as has been demonftrated ac Prop. 111
Whence if the Sun’s Beams be received
upon fuch a Specalum, the fame will be
the burning Point.

If diverging R ays fall upon a plane Specu-
lum, the Radius rbeing infinite, the-Rule

will be ‘i: =d ; that is, the Focus of diver-

gin% Rays refle&ted by a plane Speculum,
wil

be at as great a Diftance behind the

Speculum, as the Point from which they

diverge is before the Speculum, according
to Prop.11. And confequently the Image of
any Radiant, made by Reflexion from a
plane Speculum, will be feen as far behind
the Speculum as the Radiant is before the

Specnlum ; and they will both not only re-

cede from and approach to the Speculum at
the fame time, but likewife keep an equal
Pace one with another.

If converging Rays fall upon a plane
Speculum, d being negative, and 7 infinite,

_F"

the Rule will be = = ; that is, Rays

¥ - con-
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converging to a Point at a certain Diftance
behind a plane Speca/um, will have their
Focus at an equal Diftance from the Specu-
lum ; according to Corol. 1. Prop. Il -
I parallel Rays fall upon a p/ane Spe-
culumy both 4-and r being i?n this Cale in-

i »

finite, the focal Diftance ——-— will be
| 2d +7r
alfo infinite : That is, Rays falling parallel
upon a plane Speculum, will be reflected
back parallel. .

It is worth obferving, that the Confide-
tation of Ziverging Rays relates to Objects
that are near us, and fuch as we examne
with our naked Eye, or by the Help of a
Microfeope : Parallel Rays are conlidered
M when we have to do with Objects vaftly
M diftant; and {uch as we look at through
M Telefcopes. And converging Rays fall un-
M der our Confideration, when the Rays pro-
@ ceeding diverging or parallel from any QOb-
| ject are by one Speculum or Lens made to
# converge, and then intercepted by the In-
@ terpofition of another Speculum or Lens,
M before they arrive at their Point of Conver-
¥ gence ; which is of great Ufe in examining

the Effects of optical Machines, made by a
& Combination of more than one Lews or
W Speculum, and conftructing fuch as are pro-
per for any afligned Purpofe; where this

Contrivance is often abfolutely neceflary.
Q There
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= There are two farther Ufes of this Me-
thod ; the firft is, to determine what Degree
of C’ﬂﬂwemry or Cﬂﬁaﬂwry is neceflary for
a Speculum to reprefent a given Object at a
given Focus. And this is very eafily done from
the Equation firft found dr — dx=dx--rx :
For 4 and x being given, the Radius of
: . 20X
Cﬂnvem’cy ?‘*f}—-— Where it is plain,
- —X
that if x be greater than &, r will be a ne-
oative Quantity, and the "Problem 1mpof-
fible for a convex Speculum ; That s, if it
be required to reprefent a given Oble& at
fuch a given Focus, whole Diftance on the
other Side of the Spemlﬁm fhall be greater
than the Diftance of the Object on this Side;
inftead of a convex Glafs, we muft ufe a
v, whofe negative Radius wﬂl be
Oodx
== ===, After the fame manner the De-
- g
gree of Concawty is found frem the famc
Equation, onty changing the Sign of r
from +4-to=: Ford and x being g gwcn we
2dx.
fhall have the R adius of Concavity #—=——x
Xoemid
Where it is maniﬁeﬂ_., that if 4 be greater
tan x, # will be a negative Quantity, and
the Problem impothble for a concave Specu-: -

fum : That igimif it be rr::qu{red to repre~
fent
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fent a given Objec, at fuch a given Focus,
whofe Diftance on the other Side of the Spe-
culwm thall be lefs than the Diftance of the
Obje&t on this Side, inftead of a concave
Speculum, we muft make ufe of a convex,
: 24 x
| whofe affirmative R adius is:-;—-. And
| £ |
ol in both Cafes if 4 be equal to x; then the
R adius either of Convexity or Concavity
i N e rdo gy |
= s will be infinite, and the
dd—x 0 <

Problem will be impoffible for either a con-
vex or concave Specu/um : That is, if it
be required that a given Object fhall be
reprefented at fuch a given Focus, whofe
Diftance on the other Side of the Specalum
fhall be equal to the Diftance of the Objett
Jon this Side, inftead of a coneex or concave
Speculum, a plane Speculum is the only
one that can be ufed. If Z be infinite, the
2d % !

Radiuns of Convexity becomes ——; = 2x;

24%

Mbut the Radius of Concavity — =—=— 2x,
will have a negative Value : Which fhews,
hat the Problem is impoffible in the Cafe
f a concave Speculum ; that is, a vaitly
i B diftant
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diftant Obje& cannot be reprefented at- any
given Focus behind a concave Speculum ;
but may by a Convex, whofe Radius of
Convexity muft be equal to twice the given
focal Diftance behind the Speculum, I x
be infinite, then the Radius of Convexity
by =i yeirih ] '.
— = = 24 has a negative Valpe, and’
—— x . I ¥ f
the Problem is impoffible for a convex Spe-
culum ; but the Radius of Concavity is
24x o e
— — = 24. Whence if we would have a
i |
given Object reprefented at an infinite Di-
ftance behind the Speculum, we can make
ufe of none but a concave Speculum, whofe
Radius of Concavity muft be equal to twice
the given Diftance of the Objett.
Hitherto we have confidered the Focus as
affirmative, that is, behind or beyond the
Speculum ; but the fame Rule, only changing
| ot
the Sign of x in the Equation x —~———
' 2d--1,
will equally hold if we would have the Fo-
cus negative, or on the fame Side of the
Speculum with the Obje¢t : For in the Cafe |
of a convex Speculum wz fhall have the Ra- |
— 3 AN ;
dius of Convexity = —— always of a ne~

d-tx

gative |

|

|

‘ i
| |
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sative Value, and confequently the Problem
is-always 1mpofﬁblc for a convex Speculumsy
but in the Cafe of a concave Speculum, the

— 2%
Radius of Concavity will be = ~——
—d—x:

‘Which fhews, that the Problem is always
poflible for a concave Speculum, be the
Quantities & and x as they will. If we would
have 4 = x, then the Radius of Concavity
will be allo equal to 4 or x: That is, a con-
cave Speculum, whofe Radius is equal to
the Diftance of the Objeét from the Specu-
lum, will refle¢t the Image into thc fame
- _I-"lacc with the Objeét,

The other Ulfe Uf this Mcthc:d is, from
the Image and Speculum given, to find the
Diftance of the Object from the Specu-
fwm : That is, in thc Equation firft found
- dr —dx =dx -\-rx, x and r being given,
we are to find o which will confequently

rx
be = mn convex Specula, and
r— 2x
X215 .
concave = . Whence 'tis plain, thar
r--2x

in convex Specuia the Problem will be im-
poflible when x exceeds 4 r, but in concace
Specula it will always be poffible : That s,
it the Image is to be at a greater Diftance
than 3 the Radius behind the Speculum, it
cannot
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cannot be made by an Objeé& placed before
a convex Speculum at what Diftance {oe-
ver : But ler the Diftance of the Image be-
hind the Speculum be what it will it may be
formed by an Object expofed at fome certain
Diftance-before a concave Speculum, If the
given Focus be negative, or the Image onthe
fame Side of the Speculum with the Objeét,
then changing the Sign of %, in the foremen~
tioned Equation, we fhall have; in the Cafe
— X

of convex Specula, d = ——— ; and in the
| r-2x
: i L3 — X
Cafe of concave Specuia, d—= ——. So
' ¥ — 25

that the Problem will always be impoffible
for comvex Specula, and only poflible for
concave ones, when z r does not exceed x,
or when the Image is not nearer the Spe-
culum than by half the Radius.

Il. From Corol. Prop. IX.

‘ 7‘ [ E may deduce a Solution of tbe follozo-
Y zng Catoptrical Problem, of magnify-
ing or diminifbing a given Objet by a given
Speculum iz any affigned Proportion.
The Problem is this: 9o find at what
Diftance from a given Speculum 4t is 1e-

ceffary
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ceflaryto place an Objett, in order that the
bomologous Lines of the Image made by the

Speculum may bear any afligned Propor-
tion to thofe of the Objeli.

Since it is evident from this Coro/. that
the homologous Lines of the Radiant and
Image are to one another as their Diftances
from the Speculum refpeétively : It fol-
lows, that it b to ¢ exprefs the Proportion
which the homologous Lines of the Objeét
and Image are to bear to one another, &
will be to ¢, as 4, the Diftance of the Ob-
jet, tox, the focal Diftance of the Image.
Whence, if we compare this Value of x with
that delivered in the foregoing Problem, we

ca” Tt ar
fhall have — = : And’ confequently
b 2d+r
| br=cr
the Diftance required 4 = ——— will be

2¢
our general Rule; and will, mutatis mu-
tandis, - extend it felf to all poflible Cafes
whatever, though in its prefent Form it
regards the Cafe of convex Specula in par-
ticular : For concave Specula "twill ftand
cr — br
thus 4 = ——— . If the Image be defired
2¢

on the fame Side of the Speculum with the
Objeét, x being negative, in the Cafe of

convex
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ST W et v L
convéze Speculay ‘twill be d = e—ee —
' | 86412

| br <-¢r.
and in the Cafe of concave d = —— ——

- From whene¢e ’tis plain, that there is: rie
magnifying an Objet by a concave Specu-
lum ; for ¢ being in this Cafe greater than
&, the Rule for the affirmative Focus

= ox _
= —w—— will have a negative Va-
lue, and that for the negative Focus =
A 7 \
4= —— has always a negative Va-

2¢ _
lue : So that we can only diminifh an Ob-
je€t, and make it appear lefs, by a convex
Speculum, and that only when the Focus
is affirmative, or the Image to be repre-
fented behind the Speculum. And by a
concave Speculum there is no diminithing
an Objeét, as long as the Focus is affirma-
tive; for 4 being greater than ¢, the Ruile

Coer—br
in that Cafe / = ~———— will have a nega«
26

tive Value: So that we can only magnify
an Objeét, and make it appear greater be-
hind a concave Speculum. - But if the Focus
be negative, and the Image and Object to
| be
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be both on the fame Side of the Speculum,
br + er
the Rule being d = — s Thews that in
20
this Cafe a concave Speculum wild magnify
or diminifh an:Object -in what Proportion
we plcafe

It is ‘to be obferved, that if the Objeét
be a right Line, the Propumon b toc will
‘exprefs the Pruporl:mn between the Objeét
and Image themfelves ; but if the Qb;eét be
a plane Figure, the Prupnrtmn b to ¢ will
be only fubduplicate of that which the
Objett bears to the Image, as we learn
-fram*Euciz’d. Sothat if & to ¢ be as 2 to 5,
the Object and Image will be as the Squares
of thefe Numbers, or as 4 to 1. But it
muft alfo be noted, that Painters ufually
meafure the Largenels of their Figures by the
fimple Proportion of their homologous Lines;
fo that when they fpeak of an human Fi-
‘gure twice as big as the Life, their Meaning
is, that the homologous Lines of this Figure
are twice as great as thofe of the Life; or
that the Dimenfions of every Member in
Length and Breadth are twice as large as
thofc of the Men reprefented ; though pro-
perly fpeaking, the Piéture is four times as
big as the Life.

If the Out-Lines of the Image be defired
twice as big as the Life, and the Focus
affirmative ; ¢ being in this Caft greater than

R b, the
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b, the Problem will be impoflible for any
convex Speculum; but the Objeét being
‘placed before a concave Speculum at the Di-

(r—>br r I
ftance =——— = —, or — of the Radius,
2¢

will-Bave. its Imagf: maamhed in the Pro- -
‘portion affigned.  1f we would have the
Focus negative, and the Image reprefent-
ed on the fame Side of the Speculum with
-the Object, ftill the Problem will be impof-
‘fible for a convex Speculum ; but if the
Object be placed before a concave Speculum
_ btaich s 3x 3
-at the Diftance ~ == —, or ~ of the
26
‘Radius, its Image made by the Speculum
will be magmhed in_ the Proportion af-
figned.
Thus let the Proportion 4 to ¢ be what
it will, the Rule will always give us the
‘Diftance, at which the Objeét muft be
placed before the given Speculum in ‘order
to have its Imagc magnified or diminifhed
in that Proportion, I fhall only add one |
Inftance more ; and that is, fuppuﬁng b and
¢ were equal, and the focus affirmative : In
this Cafc we fhall have both for convex and
4 br—br... o |

R e T
concave SPecula d = mmmmemmmmm = 200
20

Thas |
|
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That is, the Obje¢t muft be placed at the
very Vertex of the Speculum; in which
Cafe we know both Objeét and Image
coincide. 1f the Foews were negative,
then no convex Speculum will do; ~and:
the Rule for concave Specula will be

Wrior acr
d= = = =y That is, :heOb-—
2¢ 20
je¢t muft be placed in the Center of thc
Spéculum. |

There are two farther Ufes to be madﬂ
of this Method ; , the firft is, the Diftance
at which the Objcéi: is to be placed before
the Speculum, and the Proportion in which
the Image is to be magpified or diminifhed,
being given, to find what Degree of Con-
vexity or Concavity the Speculum fhould
have, in order to magnity or diminith the
Image in the Proportion afligned : That 1s,

bo—cr

in the Rule 4 = d, b, and ¢ bemg

. | 20
given, we are required to find r; which
will give us, in the Cafe of a convex Spes

20 ;

culum, and an af‘ﬁrmative Focus, r =—
b—¢

and in the Cafe of a concave Speculum,

20d
= =, If the Focus be negative, for

c—0b A |
R 2 convex
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- 24
convex Specula, the Rule ftands = ——
20d
foi/concaye,i 1iz= i,
bte

From all which it appcﬁrs, that if'c be
greater than 2, or if the Image be defired
greater than the Object, and to be repre-
ferited behind the Speculum, no Convex
will do, but a Concave will, whofe Radius

2cd
is s, As likewife, if 4 be greater than
e—=b ' sy o
¢, or the Image be defired lefs than the Ob-
ject, and to be reprefented behind the Spe-
culum, no Concave wiil do, but a Convex

i apd
will, whofe Radivs muft be «~——. If the
: b=t
Foeus be required negative, or the Image
to be on the fame Side of the Speculum

with the Objeét ; the Problem is altogether |

impoffible for a convex Speculum; whether
to magnify or diminith; and always pof-
{ible for a concave S

nity or diminifh.

peculum either to mag-

The other Ufe we may make of this Me- |

thod is; from the Diftance of the Object
before the Speculum, and the Radius of
Convexity “or Concavity being given, to
find the Proportion 4 to ¢, which the Objﬂéi’:
wil
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will bear to its Image made by the given
Speculum: That is; in the forementioned
Rule, having # and 7 given, to find the
Proportion of 5 to ¢..  Whence in the Cafe
of a convex Speculum, and an affirmative
Focus, twillbe b .¢:: 24 )-rr; andin the
Cafe of a Concave, b.c::r— 24.r. But
if the Focus be negative, in convex Specula,
twillbe b.¢::— 2d=r. v ; and in con-
gave, b.c::2d —r.r.

So then in the Cafe of a convex Specu-
lim, and the Image behind the Speculum,
b will always be greater than ¢; becaufe
2d |- r is of neceflity greater than »: And
in the Cafe of a Concave, b will always be
lefs than ¢ for the like Reafon ; and if & be
equal to 3 7, then ¢ will be infinite in re-
fpe¢t to b. But if the Image be required
on the fame Side of the Speculum with the
Obje&t, in convex' Specula, 'twill be found
always impoffible; and in concave, poflible
in all Cafes whatever, both of magpifying
and diminifhing: For if 4 be greater than
7, then b will be greater than ¢ ; if & be lefs
than », » will be lefs than ¢; and if 4 be

equal to I r, then ¢ will be infinitely greater
than J.

1II. At
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III. At Corol. 3. Prop. XV.

TH E Author gives a Conflruttion to
find the Focus of Rays vefratted at
& [pherical Surface ; and towards the lat-
ter end of thar Corol. applies the fame to
the Cafe of a plane Surface : Affirming, that
in this Cafe the vight Line F M, which
determines the Focus by its meeting the
Axis B A produced fomewbhere in C, will
be the fame with a right Line, joining the
Point ¥ wwith another Point taken in B B
produced, at fuch a Diftance from B, as
to make that “Diftance bear the fame Pro-
portion to BE which AN does to A M;
becaufe the Tangents of Aungles are reci-
procally as their Cotangents. -

[Plate 111. Fig. 5.] That this may be
more eafily conceived; Suppofe the Surface
B D plane, and take the Point C upon BE
produced ; fo as'that B C may be to B E as
ANtoAM, and join FC. We are to
Jhew that the vight Live ¥ M produced,
will in this Cafe meer the Axis A B pro-
duced, in the Point C, and there deter-
mine the Focus, Join EN, EM; and
on the Center E with any Radius, as EA,
defcribe an Arch of a Circle A G, and draw
the T'angents of the Angles AEN, AEM,

which will alway be as AN to AM, and
are
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are in the prefent Cafe thofe very Lines,
as likewife their refpective Corangents G H,
GK. Since A, the Center of the plane Sur-
face B D, and confequently the right Line
A MN, is at an infinite Diftance from B, the
right Line FM becomes parallel to EM ;
and confequently if produced beyond F, will
meet the Axis AB produced fomewhere,
fuppofe at C, fo as to make the Triangle
CBF fimilar to the Triangle KGE. And
therefore the right Line E H, pafiing thro’
the Vertex of both thofe Triangles, will
cut their Bafcs C B, GK f{imilarly in E and
H, fo as to make BCto BE, as GK to
G H. But becaufe the Tangents of Angles
are reciprocally as their Cotangents, A N
isto AM, as GK to G H, therefore BC
isto BE, as AN to AM. And confe-
quently the Point C,; where the right Line
F M produced meets the Axis A B produ-
ced, is that very Point C taken at firft
upon BE produced, {o as that BC may be
to BE,as ANto AM. O, E. D, |

1V, At Prop. XVI. Prob XI.

HE Author recommends the Ufe of
analytical Calculations, for finding

the Yoci of Lenles, as far better than the
very niceft geometrical Conltructions: For
which
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which Reafon it cannot be improper to give
the lefs skilful Reader an Example, that
be may f¢e howw fuch Calculations are 70 b.e
managed.

[Plate 11 Fig.6.] Suppufe B D to be the
aiven Lens, and E a Point in its Axis, from
whmh Rays diverging fall upon the Lem A
the Center of its hrﬂ;f herical Surface, and
C the Center of its fECDl‘ld fpherical Surfacg
B.D the Thicknefs of the Lgm and. I to
R the Rativ of Incidence to RcFra&mn
And it is required to find ¥ the Focus' of
thofe Rays after Refradion at both Sur-
faces of the Lens. We muft firlt find*fthe
Focus of thofe Rays after their Refraction
at the firlt Surface only, or their Fucus of
T?'.o:zﬂﬁrmrf Call EB 4, 'BD:#, ABr,
CD¢, Bf %, DF ¢:° By ?’rapaﬁt. X2
EA (d-% r): Af(x=r)+-fB(x): BE
(#4):: 1:R: Whence multjplying theEx-
tremes and Means, Rdx-- Rrx =1 dx

I1dr

1dr; and Bf (x) = ——— o
[d=—Rd—Rv.

Whence it is plain, that if 4 be fo great in
refpet ‘to 7, that 1.4 excecds R d - R,
the Focus f is afhrmative, and to be taken
from B the Vertex of the refra&mg Surface
direétly forward, as at Fig. 6: If [ 4 islefs
than R d - R r, the Focus f is negative,
and to be taken from -B backwards, as at
ff;g';
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Fig.7; and if 14 be equal to R4+ R r,
B f becomes infinite, and the Rays proceed
parallel.

Thus baving found f the Focus, after
| the firft Refraction, we may, by the
| fame means, find F the Focus after the
fecond Refraction. For, by the fame

' Idr

Prop. XV- fC(.Id_Rd__Rr—-I—Fg_.
L ]tgr—IﬂTf'!_RJf‘{—er"li'IdF"—de“—R[P) y
ld—Rd—Rvy "
CF (o He)AEBD.Cy): Df

LA s in Idr—Idr+Ra’:+Rrr)
| \1d—Rd—Rr ~ ld—Rd—Rr 4%
| R:1: (I to R ar the Emerfion of Rays from
| any Lens, being as R was to I at their

| Immerfion into it.) Wherefore multiply-
| -
| ing the Extremes and Means, we have

| 'dry — *dty + 1Rdty +1Rrty + ey —
| IRty — IR74y = IRdry — IRdry |- Ridyy
t+ Rty - 1Rdre —= IRdte - Rdtp .
Rerte - And confequently, D F (y) =
; IRdre — IR Ate -I- R¥*1e |- Rrte
W Idr — IRdr — 1'dt — --21Rdr — R*dt-+
IRrt — Rt + I’'dy — 1IR4, — IR#».
M Which Equation, if we put p = I——_EI—{
' 3
may be abridged, and reduced to DF (y) =
Ipdr, — Rdrt 4 Rpr;t
Mldr — Idt 4. Rut + Ide 4- Rdt — Ipry,
| S And
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And it is evidently the fame with that which
the famous Dr. Halley has given long ago,
in the Philofopbical Tranfattions, for find--
ing the Foci of optical Glafles univerfally.
This Calculation being general, will ferve:
for all Sorts of Lenfes, be the Matter of
which they are made, and the ambient
Medinm what they will, -.or whatever be
the Ratio of 1 to R: And tho’ it is made
for Lenfes whofe Surfaces are both convesx,
yet, mutatis mutandis, it will extend to
Lenfes of any other Figure whatever, whe-
ther double-conzex or double- concave, planc-
convex or plang-concaze, or convexo-concave,
which laft Sort are commonly called Menifci.
For the Radiusof a concave Surfage being
on the contrary Side, or wegative with re=
{pect to that of a convex, and the Radius of
a plane Surface infinite ; ’tis only changing
all the Signs +- or— with which the Radius
of the refpective Surface, which we would
have cencave inftead of convex, is affeéted
in the general Rule ; or making all the
Terms infinite, which involve the Radius
of the refpedtive Surface, which we would
have plane inftead of convex, So likewife
if we would have it extend to other Rays
befides dizerging ones; the Diftance of the
Point where concerging Rays meet, from
the firft Surface of the Lens, being on the |
contrary Side or negative, in refpect to that
of diverging Rays, and the Diftance of the |
: Point ||
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Point where parallel/ Rays meet, from the
fame Surface, being #ufinite: 'Tis only
changing the Slgns of all the Terms where
we mect with &, if the Rays are fuppofed
converging ; or making thofe fame Terms
infinite if the Rays are fuppofed parallel.
In the Cafe of a double Convex of Glafs,

if the ambient Medium be Air, I being to
‘R as 3 to 2, we fhall have the foca/ Di-

ftance from the fecond Surface of the Leus,
653?1’? o Ede + 4-?';:1:

Y = ~—= - : If the

3dr —dt + 1rt+3dp--6rp |
amblent Medium be Water ;, 1 being

to R as ¢ to 8§, the Rule will be

724y —8dht T 647t

e . For a

9dr — dt + Brr RS gdp — 721
donble Convex of Water, and the ambient
Medium of Air, 1beingtoR as 4 to 3, the
12dre — 3dst + oret
Rule is 9 = e _ e
adr—dt + 31t + 4dp — 1 210,
And for a donble Convex of Diamond, in a Me-
dizm of Air, I being to R as § to 2, ‘the Rule
“2dre — 2det 4 trer

would be y —
Sy — 3a’f 21t 4 5dp—" Erp.

If the Thicknefs of the Lens be neg-
leted, which is generally not confidera-
ble; the Terms where # occurs being re-
jected, ' the Rule is ftill farther abridged to

S 2 Y=
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pdre o
i + s, Where it is cwdcnt
“dr4=dr — pre
“that if Zbe {o fmall in refpect toy and ¢, that
a'r+ d: is lei’s than pre, the fc:mJ D:[’cancc

pdre |

-y wﬂl be negative, and = == '

— dy —d: + Pre,
or the Rays after the two Refraions at
both Surfaces of the Lens, wiil ftill pro-
ceed diverging from fome Poi-nr‘,; before the
fecond Surface of the Lens ; and if dr 44
be equal to pre, » is mﬁmre, and the Rays
~after Emerfion ﬁ'om the Leiis proceed pa-
rallel.. The Error in negleéing 2 is fo
fmall, that if, for the Eale of the Calculation,
we {'u pefe a Lens of Glafs equally convex
on both Sldf.'sjr and expofed to parallel R ays,
# being in this Cafe equal to,, and 4 infinite,
the. focal le’tance, when # is negleéted, is
2drr
e . ¢, and when it is confidered

adrT . |
Gry — 2rt . rt

; which is only =~ or nearly
6y — ¢ o} et 2

-,-—;n-t lefs than the former. In the Cafe of

converging Rays falling upon a double Con-
— 24P _

vex of Glafs, we have y = = -
"‘szf"—df—- 27e,

always
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always .affirmative : And if the Rays
are parallel, d being infinite, ‘twill be

24re 27e .
9 — == = = ; which alfo gives the
dr+di 1+, _
Focus  always affirmative, or bchind the
Lens. Diverging Rays falling upon a
5 | b p X )bk 2dre
oubie Concave, give y="—————"
always negative, as in the Cafe of converging
‘Rays on a double Convex 'twas always af-
firmative : But if the Rays are converging,
, — 2r?
it will be 9 = - - affirmative,
dr + dp = 217
when dr+d; is lefs than 21, or when
‘the Focus of dicerging Rays colletted
by a double Conzex i1s negative, and zice
verfa : 1f the Rays are parallel, 'tis
za’f’p - 4 B

2

y —dr —dy  —r—r

tive. A plano-convex Glafs, the plane Sur-

face being expofed to diverging Rays, gives,
2dre 24¢

always nega-

v being infinite, j = - = ,af-
dr — 27p a— 2p,
firmative or negative, according as 4 is greater
or lefs than 2; if expofed to converging
— 24
Rays, y = ~———_ always affirmative ;
—d — 2¢
if
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if to parallel Rays, y = _253 = 20: So that

the Image of a valtly diftant Obje& is al-
ways formed by a plano-convex Lens, the
plane Side being turned towards the Object,
juft at the Diftance of the Diameter of the
fecond Surface behind it. A plano-concave
Lens, egpofed on the plane Side to diver-
VAL o 1) e Ay e —2dry  — 24
ging Rays, gives § = = o vemmmer |
g }’:_g ‘._.5’ SLBPELA 3 sl g’
,always_x;?;:gative;, to converging Rays
2de
Y , affirmative, when the Fj-
gy £ T
cus of diverging Rays on a plano-convex is
negative, and gjce verfa; to parallel Rays,

y= :; a = — 2¢: So that the Image‘of

a vaftly diftant Objet is always formed by a

plano-coucave at the Diftance of the Dia-

meter before the fecond -Surface; as it is by

a plano-convex behind. - A Menifcus expofed

on the concave S;de to diverging Rays, gives
— 2870

ym——

e g t‘g#' + dp + WF

when 4 and 7 are {o great in relpe& to o,

that dr exceeds dy 4~ 2re: To converging
26!1" e '

Rays, y= sm———

: dr — de + 2ye

, affirmative only

, affirmative or

negative,
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negative, according as dr + 2r, is greater

or lefs than 4t : If to paralle! Rays
— 2dre — 27¢

§= — ——, affirmative,
—dr 4dt  — 1 e

if the Radius of Concavity is greater than

the Radius of Convexity ; and negative if

lefs ; and infinite if equal : For the Effetts

of the firft Surface are, in that Cafe, ex-

aétly deftroyed by the fecond, and the Rays

fuffered to proceed ftill parallel.

It is to be obferved, that if the Thicknefs
of the Lens is negleted, as inconfiderable,
the Focus of all Sorts of Rays falling upon
any Lens will be exaétly the fame, upon
whichfoever Surface of the Lens they are
firft received. But if the Thicknefs of the
Lens be confidered, there will be fome Dif-
ference in the focal Diftance, according as
you turn this or that Surface of the Leus
towards the Rays, And this Difference is
eafily found from the general Rule: For
upon turning the other Surface of the Lens
towards the Rays, , becomesr, and r chan-
ges to p; by which means the Rule will
give us the, foca/ Diftance in both Cafes,
and fubftracting one from the other, we
find their Difference.  Thus, if, to abridge
the Rule, we fuppofe the Rays parallel, 4
being infinite, we have for a double Convex

; Ipre — R
in one Cafe y = I E_t.q_l,:t]:{;

, and upon

turning
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Ipsr — Rrt
turning the Lensi) Y= i
Ip— 12+ Ir g RI‘
wherefore fubftracting one from the uther
according as p or r is greateft, we fhall have
the Difference in doable Convex, occafioned
~+ Rrt — Ret

: e -+
by turning the Lens = Ir— It + Rt + I,

+ art T 2t

—. And this is ap-
3r—t+4-3,

plicable to Lenfes of any other Figure, by

changing the Signs -+ or — of thofe Terms,

where we meet with 7 or p, or making

them infinite, according as the refpective

Surfaces are concave or plane. Thusin the

Cafe of a plano-convex, r being infinite, the

Difference arifing upon turning the Lens

or in Glafs

Rrz "R
becomes — — — #; or in Glafs 37, in
Ir 1

Water 27, and §7 in Diamond. Which fhews
that the foca/ Diftance is greater by 5 when
the plaue Side of a plano-convex of Glafs is
turned towards a vaftly diftant Object, than
when the convex Side 1s turned to it.  After
the fame manner, the negative foca/ Di-
ftance of a plane Concaze will be greater by
¢, when the plane Side is turned-towards
the vaftly diftast Obje&, than when the
concave Endc is turned to it. 1o double Con-

| caves,

e e
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caves, where the Focus is always negative,
+ 202 1 22
the Difference is - ; according
T Lo et L
as p is greater or lefs than 7.  In Menifci,
the focal/ Diftance, whether affirmative or
negative ; being always greateft when
the concave Surtace is turned towards a
vaftly diftant Objeét; the Difference is
g g :
— when the Foez upon turning
— 3 =—143p
either Side fall both one way, and are ei-
ther both affirmative or negative: But if #
be fo confiderable as to be greater than 3¢,
the focal Diftance, upon turning the con-
— 61p — 24t
cave Side, —— is affirmative, and
€ e s - |
the focal Diftance, upon turning the convex
— 6pr + 2r¢
Side, — negative; and confe-
a4

27 —= 12V — 2¢F

quently their Difference is

it | Al A ot 1 I
And if 7 were equal to 3¢, the Focus in this
Cafe, upon turning the concer Side to a vafi-
ly diftant Objeét, falling exattly upon the
Vertex of the fecond Surface of the Lens,
and confequently the foca/ Diftance being

equal to nothing, the Difference will be the
| iy fame
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fame with the foca/ Diftance upon turning
—*6?’::—5;;.

the concave Side, namely, After
the like manner, may be found from the ge-
neral Rule, the Difference which would arife
upon turning the different Surface of any
Sort of Leus towards other Rays befides
parallel, whether diverging or converging s
but the Canons for thefe Cafes confift of {o
many T'erms, and are of {o little Ufe, that
they are not worth having.

There are three farther Ufes to be made
-of the general Rule above delivered ; the firft
is, from the Lens or Focus, where. an Ob-
ject is reprefented; being given, to deter-
mine the Diffance of the Objet from the
Leus ; or the Leus by which we would form
the Image of any Obje&t; and the Focus
where we would have it formed, being giv-
en, to determine the Diftance at which the
Obje¢t thould be placed before the Lers, that
it may be reprefented in the given Focwus :

pdre
That 1s, in the Equation § = ewiem-=
dr-+-de—proy

.or dry. - dgp proy— pdre, 5oy P> and y
being given, 'tis required to find &, and con-
: prey

_fequently we fhall have 4 — ~
ry -!.-Fy-—'f.’l‘i"p ¥
- where ’tis plain, that if  and ¢ be fo great
- i
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in refpeét to y, that pre exceeds ry +,», 4
will be negative ; and the Objet cannot be
reprefented in the Circumftances required,
unlefs by means of another Lens, we firft
make the Rays coming from the Objeét,
diverging converge to a Point behind the firft
Surface of the Lens given, at the Diftance of
prey
—_— : And'if pr¢ is equal to rp-}- ¢,
e SR
4 will be infinite.  Suppofe the given Lens
a double Convex of Glafs, and made of two
Segments of equal Spheres, but of a Thick-
nefs not confiderable, and it is required to
find at what Diftance from the Lens a lucid
Body fhould be placed, in order to have its
Beams parallel after their Emerfion from the
Lens, and confequently its Light thrown
upon Objeéts vaflly diftant, which may be
thereby illuminated : In this Cafe y being
infinite, and r equal to,, and p equal to 2,
we fhall have the Diftance required 4 = r.
But if # be confiderable, we muft find 4 from
the Rule which takes in the Thicknefs of
“the Lens, which gives us the exa& Value of
4ret -|- 64p) — 211
d= - - - - :+ As if,
3¥Y =ty + 3¢y —= 61+ 202
for Example, the donble Convex juft men-
tioned, were an entire Sphere of Glafs,
and the fame thing required as before, y be-
ing, as we have already obferved, infinite,
X 3 and
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and 7 equal to ¢, and moreover # equal to 27 ;
- 6rry=—4171y

this laft Rule gives d = == i

L ruiions igryr=afyctisfy

——
—

-ir ; whereas by the former, which neglects
Y |
the Thicknefs, we have the Diftance requi-
red twice as great, or 4 = r; a Difference
very confiderable, if the Spheres be of any
Bignefs. So then, a lucid Body placed at
the Diftance of half the Radius from a
Sphere of Glafs, or at the Diftance of the
whole Radius from a double Conzex of equal
Spheres, whofe Thicknefs is inconfiderable,
will illuminate Objeéts vaftly diftant. 1f
the given Lens were a Hemifphere of Glafs,
and the fame thing ftill required ; if the
conzex Surface be firft, both y and ¢ being
in this Cafe infinite, and z equal to 7,
the Diftance of the lucid Body will be

6?‘;}’ »
ad—= = 27 ; but if the plane Side be
3¢y
next the lucid Body, y and r being infinite,
6rey — 2rty
we have 4 = — — %¢, or 3r; there

?"'.
being as has been fhgwn before a Difference
of 2¢ in the foca/ Diftance of a plano-convex
expofcdto paralle/ Rays, occafioned by turn-
ing the different Sides of the Lens: 1f # had

been
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been negleéted, we thould have had 4 — 2r
in both Cafts. 1f we have an Objeét re-
prefented by a double Concave of Glafs of
equal Spheres, at a negative Focus the Di-
ftance of the Radius from the Lens, and it
were required to find the Diitance of the
Obje&, 9, vy and ¢ being all negative and
equal, and 7z inconfiderable, we fhall have
- 3PP
d= infinite ; and confequently
20F — 217
the Objeit is valtly diftant. The fame thing
may be done for all other Cafes whatever,
only remembering to make the proper Alte-
rations according as 7, ,, Or y are negative
or infinite, and # confiderable or inconfide-
rable.

The fecond Ufe is, from one Surface
(either the firft or fecond) of a Lens being
given already formed, to find what De-
gree of Comvexity the other Surface muft
have, in order to reprefent a given Objeét
at a given Focus : That is, in the Equation
before ufed dry - diy — prey = pdre, d, v,
p and r being given, to find ¢, or ¢ be-
ing given, to find 7. Whence we have

dry dey
g=m= ~ ,andr= - —
par—dy-+pry pde—dy+-pey;
which will ferve for any other Lenfes be-
fides double-conzex, and any other Rays
befides diverging ones, by making fuch Al-
terations
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terations as have been already direGed. If
the firlt Surface of a Glafs Lens were plane,
and it were required to find what Degree
of Convexity the fecond Surface muft have,
in order to reprefent an Objeét at a Focus
juft as far diftant from the Lens as the Ob-~
je it felf ; in this Cafe 4 is equal to y, and

. dry
rinfinite; and confequently ¢ = — =—4:
21y 4

So that the fecond Surface of the Lens muft

be made of a Segment of a Sphere, whofe

Radius is equal to } of the Diftance of the

Objeét. If the Objet to be reprefented at

a given Focus, be vaftly diffant, d being in

this Cafe infinite, the Rule is abridged to
vy

P = : Whence ’tis plain, that if in

P . -
Glafs y is greater than 2r, or the given Fo-
cus be at a greater Diftance from the Lens
than twice the Radius of the given Surface,
e will be negative, and the fecond Surface
muft be made concave ; and if y be equal
to 27, ¢ is infinite, and the fecond Surface
muft be p/ane. 1f the Thicknefs of the Lens
be {o great that it ought to be confidered,
we muft find , from the general Rule.

The third Ufe is, from the Lens, Diftance
of the Object, and Focus being given to de-
termine the Ratio of Refrattioy: That is,
in the Equation before ufed dry -- dey — prey

= pdre,
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= pdre, d, r, ¢ and y being given, to find
dry + dey
p, which gives us p = —— : For p

dre + rey
1

being found, the Value of p = TR Sives
the RatiocltoRasI--ptop. 1f a double-
convex Lens, made of two Segments of the
fame Sphere, reprefents, or is required to
reprefent, a vaftly diftant Obje&, at a Focus
the Diftance ir from the Lens; d being in
this Cafe infinite, and 7 equal tos, and y

3drr
equal to 3g, we fhall have p — — = 3,
drr

and confequently the RatioItoR as 4 to 3 ;
whence the Lens is made, or ought to be
made, of the Medium of Water. It the focal
Diftance were 37, we fhould have p =%, or
I toR as 5 to 2, and confequently the Lens
would be Diamond. 1f the focal Diftance
were 47, then wehavep=8§, orltoRas g
to 8, and the Lens is G/afs, and the ambient
Medium Water. Butif we are very curious
in determining the Ratio of Refrattion, itis
done more exactly when the Lenus is formed
into an Hemifphere, or a plano-convex, and
receiving the Rays of the Sun upon its p/ane
Side, colleéts them in a Point at fome Di-
ftance behind, which muft be meafured
with great Nicenefs; becaufe in this Cafe
our negleéting 7 eccafions no Error at all.

In
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In this Cafe, if the focal Diftance is equdl
to thrice the Radius of the Sphere, & and r
being infinite, and y equal to 3¢, ‘twill be
p=3, orltoRas 4to3; if yis equal to
2¢; 1isto R as 3 to 2; and if y is equal to
¢, then Lis to Ras 2 to 1.

V. At Prop. XX, Prob. XIIL

R 7 Hich is, 7o find the Diftance at which
an Objett fhould be placed from a
given Lens, (0 as that the Image formed by

the Lens may bear a given Proportion to
the Objett.

The Author has given the Conftruttion,
but omitted the Demovnftration ; leaving
the Procefs of the Calculation which points
out that Conftruction, as a Trial of Skill
to the diligent Reader. But becaufe my
Defign in publifhing the Book is to make
it entirely eafy ; for fear it may prove too
difficult or difcouraging a Task to fome
who are either not skilful enough, or per-
haps too lazy, to go through with it, I have
fubjoined the following Svluticn.

[Platelll. Fig. 6,7.] Let the given Leiis
BD be a double Convex, and call A B the
Radius of the firft Surface 2, CD the Radius
of the fecond Surface &, B D the Thhicknef;

of
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of the Lens c; the Proportion of the Do-
mologous Lincs of the Objeét and Image as
7 to b, and E B the Diftance required z,
‘at which the Objeét is to be placed before
‘the Lens B, which we fuppofe made -of
Glafs, and the ambient Medium Air. 1t is
-plain there are different Values of E B (=)
according as the Focus F is afhrmative, or
beyond the Lens, as at Fig.-6. or negative,
_and on the fame Sidec of the Objeét,  as at
Fig. 7.~ Both which Cafes thall be refpec-
tively confidered, and included in the De-
monftration.

By Corol. Prop. XVIIL 'the bomologous
Lines of the Objeét and Image are to an-
other as their refpeétive Diftances from the
Lens ; wherefore r isto bas E B (z) the
Diftance of the Objeét required to D F the
focal Diftance of the defired Image, which

is confequently ’Z But we fhiall-have an-
: i ?"‘

other Value of this foca/ Diftance from
Prop.XV. For if we look upon f asthe Focus
of Rays fent diverging from the Objét at
E, after their Refraction at the firft Surface
of the Lens, and F their Focus after both
Refraétions; and call the firlt foca/ Diftance
Bf, —=x, and thefecond D F, —y. Before
we can find the foca/Diftance D F,which de-
termines the Place of the fmage, we muft
firft ind Bf. Now to find B f, by Prop.

U XY,
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FA(F+ﬂ) AB(&) Ef (--ztx):
Bf (x), whence zx 4 ax = | o s

and Bf (x) L3z . Having found Bf

=204
the fame Propofition gives us D F,

for £-.C i3ﬂ$$ i s

2 Z—24
2

J-3a2 F cz s - z.f?r:-i—za.b) CD
33 — 44

342 0

(8) :: f P (P25 — o & y

3428 — €= ""._i’“fl"’“fii.‘.%ﬂy_). D F

g — 20

(y); whence + 3% + czp + bzy

=t 24C) —+ 2:&'5}' s 13}63 4

202y - gabc + gaby, and DF (=yp)
6abz — 2bcz + qabc Th

T 3a2'0z T2ha T 2dc i Gab,. rodl

fore comparing the two Values of D F

b=
together, we have this Equation =t Rt s

—a

6abz — 20bcx + g4abc
B oy . cx e gls Rhae oab:
+ 3ab2* I bez* - 3bz* + 2abez X
6aln® = 6abrs —— 2berz  + gaber.
From whence we have 2z ———=
6abz — 24803 - 6arzs - 2rcx == 44rC:

3a— ¢+ 3b

or

'And;
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And if the Thicknefs of the Lens be neglect-
ed as inconfiderable, all the Terms where
C occurs vanithing, we have z3 =

6abz - Gm*z’ and confequently EB (2)

SJE + 30
24av-|l-2ar :
. S— . Er I:
a-t+b . <

[Platell. Fig. 22.] If then we would
conftruét this Equation, we have this Pro-

_portion given us for that Purpofe;, « 4 4 :

b#r::2a: g Taking therelore (A B
equal to 2, and B C in the fame right Line
equal to b; from C draw at pleafure the
indefinite right Line CM, upon which cut
off CD equalto CB (4), and from D on
cither Side take D M, or D m fuch, that
it may bear the fame Proportion to D C,
which the bomologous Lines of the Object do
to thofe of the Image. Join AM, or Am,
to which thro' B draw B E,. or Be, parallel;
and twice ME, or twice me, is the Diffance
required in the Problem. For AC (a+b):
MC,oemC (Itr):: 2AB(24) 2 ME
or 2me (z). And confequently the Coz-

Struétion gives the true Value of =z, as be-

fore found. O, E.D.

The fame Problem, f magnifying or di-
minifbing a given Objett by a giver Lens,
in any affigned Proportion, may be folved
from the Equationabove given, for finding

the Foci of all {orts of Leuses, which if ex-
Y 3 prcﬂ%d -
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pre[fed in the Charaéi:erlﬂmks in prefent
pabz
Ufe e e il I+ fuppuﬁng as
az-t+bz—pab

bcfme rto b exprefles the Proportion which
the bamﬂ!pg{?m Lines of the Objeét are re-
qujrf:d to bear to thofe of the Image, and
’tis defired to find 2 the Diftance of the Ob-
ject from the Lens, which is neceflary to
perform the Conditions required : By Corol.
Prop. XVIIIi we nave another Value of the

focal Dillance y = ; Whence comparing
i1 ey T pgzb'z
both together we have — = -
s o iy ol v pab
and confequently if the Focas is to be affir-

mative 2 — -—-ﬂpb 1 gﬂr b[ it 1fpﬁb Iae oreat-

er thrm az-| 52:, then the Focus is nega-
tive, or on the fame Side with the Ob-
je&, and this negative foca/ Diftance is
& pabz
— az—bz . |-pal’
ab—par prat 23 '
f"_;-'gjg, -+ 'That is, if the Lens be Glafs,
the following Equation includes both Cafes,
whether thc Image is to be reprefented on

the jcontrary or fame Side with the Object,

2ab-\-2ar |
R Where it is to be obferved,

that

and coffequently 2 =




to Dr. GREGOR Y's Optics. 157

that if the Image is reprefented on the con-
trary Side by a double- convex Leus, or atan
affirmative Focus, ‘it may be made either
equal to, greater or lefs than the Objeét in
what Proportmn we pleafe ; but if it is re-
prefented on the fame Side, or at a negative:
Foeus, r muft abways be lefs than 2, and
confequently the Image may be fhewn lar-
ger than the Object in all the Degrees ima-
gmahle, but never lefs, nor equal ; for
when £ is-cqual to r, and the Focus nega-
tive, = is =0, and when & is lefs than r,
= is negative and impofiible.
-~ Nor is this Solution confined to the Cafe
of double Convexes only, tho' made for Lenses
of that ¥igure, but will with proper Alte~
rations extend equally to Leuses of all other
forts whatever ; only obferving to change
the Signs -- or — with which the Radius
of a concare Surface is affected, or making
the Terms infinite where the Radius of a
plane Surface occurs ; becaufe it has been
thewn before, that the Radius of a concave
Surface bears a contrary Sign to that of a
conzex, and the Radius of a plane Surface
is infinite. If then the Lens be a concaze-
" convex, or Menifcus of Glafs; and the firft
Surface concave, the Rule for both Cafes,
whether the Focus is to be affirmative or
— 2ab2ar
negative, is 3= ==—————~~ ; and if the
—a+b
{fecond
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fecond Surface be that which is concaze,
then for the affirmative and negative
Foci relpectively, the Rule becomes z =
— :fff ;m . Where it is to be obferved,
that in the firlt Cafe if the Focus be affir-
mative, 2 muft be greater than 4, or elfe
z will be negative; and the Problem im~
pofible ; and if the Focus be negative, and
b greater than r, then muft « be ftill greater
than b ; but if b be lefs than , then 2 muft
be lefs than b, or elfe the Problem will be
impofiible : And in the laft Cafe, if the Fo-
cus be affirmative;, and b greater than r,
then 7 muft be greater than @, and zice
verfa; and if the Focus be negative, b muft
ftill be greater than #. 'Which fhews that
i the Cafe of a Menifcus turned on the
concave Side towards the Objeét, the Image
can never be reprefented at all on the op-
pofite Side, unlefs the concaze Surface be a
Segment of a larger Sphere than the convex,
and then it may be thewn in what Propor-
tion to the Object we pleafe ; and if it 1s to
be reprefented on the fame Side with the
Objeét, and magnified, the Radius of Cozn-
caviry mult be fill larger than that of
Conzexity, and vice verfa, -if the Image is
to appear diminifhed.  And in like manner
may be underftood what will happen upon
tyrning the convex Side of the Menifcus to-

wards
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wards the Object. If the Lens be a double
concave of Glafs, the Focus being in this Cafe
always negative, we have but one Value of

R Y . ,
2, which is RAREIE afirmative only

when 7 is greater than b; which fhews that
a double-concave can only diminith. If the
Lens be a plano-concex of Glafs, it will be
z=12b * a2r; which fhews that in this
Cafe the Objeét may either be magnified or
diminithed, if the Focus be affirmative, but
only magnified if it be negative. It muft
be noted, that if the fecond Surface, whofe
Radius is 4, were {uppofed plane, we fhould
have 2= 243 becaufe & not enly ftands for
the Radius of that Surface, but alfo expref-
fes the Ratie of the Image to the Objeét,
which is confequently in this Cafe infinite,
and the Image caftly diftaut. 1f the Lens
be a planc-coneaze of Glals, the Focus being
always negative, we have only one Va-
lue of g, which is 3= — 25+ 2r; which
fhews, that a p/ang-concave can only di-
minith. .

It may be remarked, that thofe Cafes
which make the Diftance z negative, and
the Problem impoffible for the given Leus,
may by means of another Lens be made
pradticable : If we firft receive the Rays of

the Obje& upon this fecond Lens, and be-
fore
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fore they are colleted at the Focus throw
them upon the given Lens, in fuch a man-
ner as to make them fall ponzerging to a
Point behind the firft Surface of the given
Lens, at the Diftance of the negative Value
of 2.

If the Lens were a a'aﬂbff-ﬁﬂﬂwx e Wa-

ter, p being = e P R R it is z.—gﬁii?’;f’
if of Diamond = _Eﬁbhi ;r, if of G'!'ﬁﬁ “

in an ambient ﬂfffdmm of Wﬁfﬁ? o ==

} |
Saf; id?‘j lf oty "'Jmmwf’tf 111_3_11,amb1;:n£

= i3 sl o
Medizmof Water 2= '"ﬂ‘f’ifr, _
formably in all other Cafes. g
If the Image be defired juft as great as the
Objec, then for a ﬁ’ﬂzzbt’g cﬁﬂffx of Glafs,
¢ 'being equal to 4, the Rule gives TTlc
4 ab ;
ath’
plain the Problem is only poflible when the
Focus isafirmative, If the Lens were equal-
ly comvex, 4 being in this Cafe equal to a,
there will nnly be one Value of 2, and that for
an affirmative Foczs 2 — 24 : So that if the
Objet be placed at twice the . Diftance
of the Radius from the Lens, the Image .
formed

Diftance required 2 = where it is
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formed at its Focus will be juft as great as
.the Object.  If the bomologons Lines of the
Image were defired twice as large as thofe of
the Objeét, » being in this Cafe equal to 34,
for a double-convex of Glafs the Rule gives
"~ a2abt-ab
2= ~—— =, and if the Lens be equally
ad-b |
convex Z— 3a or a, according as the Focu
is: affirmative or negative, fo that an Objet
placed at the Diftance either of 7 or only 3
the Radius from the Lens, is reprefented at
a Focus, either affirmative or negative,
twice as large every way as the Object, or
the Image in its whole Content will be four
times as lagge as the Objeét. If the bomo-
Jogous Lines of the Image were defired twice
as fmall as thofe of the Object, r being in
‘| this Cafe equal to 25, the Rule gives for an
equally convex Leus only one Value of the
Diftance 2= 3a, a double-conzex being
.| only capable of reprefenting an Object di-
minifhed, when the Focus is affirmative.
:fl If the Image be defired an hundred times
-f larger than the Objeét, or its bomologous
Lines ten times as large; s being in this
Cafe equal %5, if the Lens be equally cou-
vex, theRule gives the Diftance 2= 1 ' 2,
or iea, according as the Focus is affirmative
or negative. And in general if m to # ex-
prefs the Proportion which # bears to b, the
pab -\ par
Rule laid down at firt , becomes
: a-tb
X pab
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pab + p Z—; ab, and if the C’ar;;ﬂexfry be equal,,

o
itis s rp L Ly %ﬂ. From all which it

appears, that with a Lens equally convex on
both Sides, in order to magnify a given Q-
jeét, the Diftance is always fomething great-
er than 3 pa, when the Focus is affirmative,
and always lels than % pa when the Focus is
negative, unlefs the Ratio of the Image to
the Objeét be infinitely great, and then 2 be-
ing infinite, tis 2 —.2 paz: That is, in Glafs
the Diftance of the Obje¢t muft always
exceed the Radivs, if the Facus is to be
affirmative, or fall fhort of it if negative,
and be equal to it when the Image is to be
infinitely great, or vaftly diftant. -And in

- - - - L) - m - -
order to diminifh a given Objeét — in this
7

Cafe exceeding Unity, the Diftance, which
has but one Cale here, is always greater
than pa; and the more 2 exceeds pa, the
more the Objet is diminith'd, and @ice zer-
fa, 'till zbecoming equal to pa, the Objeét
and Image are likewife equal.

All this is eahly obferved in that com-
mon Experiment of the Camera obfcura ;
where the Rays propagated from external
Objeéts are received by a Lens, and tranf-
mitted into the Room, and do there paint,

upon a white Sheet placed at the foca/ Di-
ftance
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ftance of thofe Rays from the Lens, the
Images of their refpective Objects, in Co-
lours fcarce lefs lively than thofe of the
Objeéts themfelves. And hence this Pro-
blem of magnifying or diminithing a given
Obje&, may be of great Ufe in %ﬂfﬁtﬁ?fg ;
for by admitting the Image of any Objeét
by means of a Lens into a dark Chamber,
in what Ratio to the Life we pleafe, 'tis
eafy to hit the Proportion of every Part
with great Exacnefs, which is otherwife
but feldom done, efpecially in fuch Pieces
where the Figures are cither much greater
or much lefs than the Life. “1'is true, thefe
Images that are reprefented in the dark
Chamber by a fingle Lens appear inverted,
but may be made ere¢t by ufing a fecond
Lens after the following manner: Place the
Objeit at fuch a Diftance from the firft Zens
in the Window, that the Image formed by
that may be juft as big as the Life ; then
beyond the Place of this Zmage fix the given
Lens at the Diftance required 2; this will
form an Jmage of the former Jmage which
fhall be in the Ratio afligned, and alfo ere,
but fomething lefs lively. “‘What has been
above delivered is likewife of Service in the
Conftruction of the Magick Lantern, and
other optical Machines, where the Images of
any Qbjeits are to be reprefented mon-
ftroufly larger or lefs than the Life..

XTa | A" &
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VI. At Prop. XXIV. Prob. XVIL

Hich is, To make a concave Speculum

of Glafs of a given Thickne[s ; the
Radius of whofe Concavity is alfo given, in
fuch a manner, that parallel Rays reflect-
ed from the firft Surface of the Speculum
may meet in the fame Point of its Axis
with thofe that pafs refraited. into the
Speculum, and are refratied from the fecond
Surfaces and again refratied at tbeir Emer-
fiou from the Speculum. Or the firft Surface
of a concave Speculum being already formed,
to determine of what Sphere tis neceflary
to take a Segment to form the fecond Sur-
face in fuch manner, that an Objeli vaftly
diftant may be reprefented by Reflexion
from both Surfaces in one and the fame
Place, or that the two Images may be uni-
ted, and confequently be made more lively.
The Author has given two feveral Conftruc-
tions of the Problem ; the firft exaét, and
the other only near the Truth, but more
expeditious : But for Reafons already men-

tioned he has omitted their Demonftration,
‘which is as follows.

" [Plare111. Fzg 8.] Let ABbe the given
Radius of the firft Surface, and BD the
given Thicknefs of the Specalum, and CD
the Radius required. of the hindmoft Sur-

' " face
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face neceflary to perform the Conditions of
the Problem. Suppofe the Point f in fD,
the Axis of the Speculum to be the Focus of
the parallel Rays, after Refrattion at their
Entrance into the ficft Surface, ¢ their Focus
after Reflexion from the fecond Surface,
and F their Focus after Refrattion again at
their Emerfion from the Speculum ; 'tis re-
quired that the Point F fhould be the fame
‘with the Focus of the fame parallel Rays
after their Reflexion trom the firft Surface.
Call the -given Radius A B-a, the given
Thicknefs B D ¢, the firlt focal Diftance
B fo, the fecond Dex, the laft focal/ Di-
ftance, BF y, and the required Radius of
the hindmoft Surface C D z. We muft
find thefe focal Diftances one after another,
‘in order to determine the laft B ¥, which
-muft be equal to the foca/ Diftance of
parallel R ays reflected from a concave Spe-
culum. For the firft then Bf, by Prop. X1V.
Bf(?9): fA(v—a)::1: R : : (in Glals)
3 :2; whence Bf (2)=34. And for the
fecond Do, by Prop. IV. Do (x) : 2C
(z=—x):: Df(3a+4+c¢): fC(3a+c—2);
whence 3ax-cx—zx=3az+cz—3 ax—cx,

- 3aztcz
6a - ic ~ 2.
Laftly, to determine the focal Diftance
B F after both Refratiions at the firft Sur-
face, and the Reflexion from the laft, by
Propofir. XV. the Emerfion being Gutl ?‘f
Glafs

and confequently D¢ (x) =
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? A A — 2
Glafs info Air, —( a4-r—=3 cz
bat 20 —3

. 2 /
64da -+ 8ac — qaz - 26 — 262
L : :AB

= 128 T+ 40— 23
3A4Z LTS
:l- ¢F . . peS—— ——— e
Ca) 62 + 26 — 2 ¢ AT

3az 4202 = 64y—20)+2y.—6ac—2cc
6a +20 — 2 ) 8,

BF (9); whence 6aay+ 8acy — gazy -+
200) — 202) =644z + 4462 — 1244) —
gacy +2azy— 12aac — 4acc, and confe-
__3aaztaracz—6aac—24cC
quently BF ()= 9aa+-6ac—3aztcc—cz.
Now this muft be equal to the: foca/
Diftance of parallel Rays refleCted from

a concave Speculum, which by Prop. 111
is juft half the Radius ; whence we

have another Value of BF (y) = .E-

And comparing both together, we havc
34az + 24¢3 — 644ac — 24c¢c _ 4

gaa 4 6ac — 34z - €c — €2 & 4
9az-t 5¢z — 18ac — 5ce= gaa, and con-
fequently the Radius required CD (2) =
. 9¢:ra+18m:+>cf:. Q.E.I

9a +5¢

Fig. 3. If then we would conffruct this
Value of CD (), we have the following

Propor-
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Proportion given us for that Purpole 92 |- 5¢ :
Voaa-+18ac-i-5¢¢ i1 N 9aa-+i18ac—+s56c:
2. ‘Wherefore making the reétangular
Triangle M LK in fuch manner, that LM
fhall be equal to 9z - 5¢, and L K equal to

Voaa + 18ac 4+ scc ; and then drawing
from K the Perpendicular S X, the right
Line L S is the Radius required. For by
Element. V1. 8. L M (-ia -+ 55) :
LK (Voaa 4 18ac -~ 5¢¢") :: LK
(voaa +18ac+5cc): .S (2). And con-
fequently the Conftrutiion gives the true Va-
lue of CD (2) as before found. Q. E. D:
- Fig. 4. 'The Radius required is alfo ca-
pable of another Confruttion; for making
an a&ual Divifion of gaa + 18ac+ 5¢c by
9a 1 sc, the Quotient is a - ¢ + a ;_f; >,
And if A B (a) be fufficiently great in re-
fpect to BD (¢), the T'erm 5¢ in the Deno-
minator of the Fratiion may be negleéted ;
and then it becomes 2 = 2 -}-¢ -+ #¢, whofe
Excefs above the T'ruth is not at all fenfible.
Wherefore taking D O equal to £ of BD(¢),
~and making AC equal to DO, CD
(a+c+#c) is very nearly the true Value
of the Radius required. - Q. E. D.

To fhew how near this laft Value of
g=a-+c¢+ ¢ is to the Truth, if we fuppole
the Thicknefs of the Speculum to be $ an the
given Radius of the firft Surface, which is

very
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very confiderable : In this Cafe the exat

ac
value of 2 =z +¢ + A < ea is but - 24 a
94 + 5¢ 225

or nearly ,i, @ lefs than its Value found
by negleéting 5¢ in the other Equation
2 =a- ¢+ #c, a Difference not at all con-
fiderable in pbyfical Matters.

If ¢ be fuppofed equal to 32, which is ftill
a far greater Suppofition, even in this Cafe,
the Value of the Radius 2 taken from the
laft Equation 2 =a +-c - %, is but % @
or very nearly 2, a greater than the Truth ;
which is an Excefs not very fenfible, unlefs
a be extremely great.  But if the Thicknefs
be greater than in this laft Suppofition, it
will be convenient to take the Value of the
Radius required from the exaét Equation
2=a+tct ﬁ%—;ﬂ: As, if ¢ be gqual
to 34, the Radius required is 14:#; which
is about ;% lefs than what it would be if
s¢ were neglected. If ¢ be equal to 4, the
Radius required is 224 ; which is about
g lefs than it would be if 5¢ were negleéi-
ed. If the Thicknefs be fo confiderable
as to be equal to thrice the given Radius of
the firft Surface, then the Radius required
is 4,4.

Hence likewile, if the Radius of the laft
Surface be given, together with the Thick-
nefs of the Speculum, we may find the gi_a-

1HS
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dius of Concawity neceflary to unite the two
Images of a valtly diftant' Obje¢t made by
Reflexion from both Surfaces, For if ¢ be not
yery‘great, we thall have # “g—=e¢—7c,
as near the Truth as need be required in
Praétice: For if we had the exact Value
of 2, we could not.in Praétice grind the
Speculum to the due Concavity, even fo
near as the Value jult now given., If ¢ bé
conliderable, the Value of # muft be found
from an Equation of an higher Degree
9aa — 9az + 18ac = 5¢z — 5¢¢ ; which
if it be contracted, by putting p for 26—z,

fﬁll’gi'vc a=F1ip _‘E‘j fsz; gt lPP;

the Sign' of 4 p being either — or +, ac-
cording as 2¢ is greater or lefs than z.
After the {fame manner; having the Radius
of both Surfaces given, we may find what
Thicknels of the Spéculum is neceffary to
unite the two Images of a waftly diftane
Objeét, formed by Reflexion from both
Surfaces, by means of the following Equa-
tion, §5¢¢ + 184¢ — 5¢z — 94z — 94ad ;
which if it be contracted, by putting
g for 322 — =, will give ¢ = ¥ 39 &
v9az —gaa+1iqq.

A

£ .

:Y‘. s L SIONHL

»
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VIIL A more paﬁi(:ular Account of M1-
~croscopEs and TELESCOPES,
from Mr. Huygens.

SProPoR

| 0 axp!&s'ﬁ the Eﬁ&!-#ﬂ; Ufes of
: fingle Microfcopes, and the Manner
of making little Spheres and Lenfes,

[Fig. 9, 10.] Let N be the Lens QRQ,
the Object at its Focus R, O the Eye vr:r.i{
near the Lens. The Rays coming from Rwill
after their Refraction fall parallel upon the
Eye, and confequently make diftinét Vifion.
For the Fabrick of the Eye, having its focal
Diftance juft at the Bottom of it upon the
Retina, requires that the Rays from each
fingle Point fhould fall nearly parallel in or-
der to be there collected ; that is; that the
Bafis of cach Cone of Rays flowing from
every Poinc of any Objeét, which Bafis is
the Pupil of the Eye, fhould bear fo finall
a Proportion to the Length of the Cone, as
that thofe Cones may be looked upon as lit-
tle Cylinders. (The Diftance indeed requi-
fite for diftinét Vifion is not limited to a
Point, but is indulged in larger Bounds ;
becaufe Nature has furnithed us with the
Power of contraéting the Pupil as the Ob- |

jeét
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je&t comes nearer; and [o dminifhing the

Bafis of each Cone in proportion, and con-
fequently of preferving diftinét Vifion ; but
this is only to a certain, and that no very
great Degree.) But the Objet QRQ will
appear in the fame Magnitude as if the
Lens N were removed, and a Plate with a
fmall Hole in it fubftituted in its Place,
namely under the Angle QAQ. So that all
that the interpofed Lens does in this Cafe,
1s only making diftinét Vifion, which would
without the Lewus be confufed. But fince at
the Diftance fuppofe of 8 Inches from the
Obje&t, a naked Eye has then diftinét Vi-
fion; the apparent Image may be faid to be
{o much maguified as thofe 8 Inches exceed
the little Space N R, or the foca/ Diftance
of the Lens N: Which if it be equal to § of
an Inch, the Appearance of the Image feen
diftinctly by the Micrefcape is to that feen
diftinétly by the naked Eye, as 4o to 1.
Therefore the lefs the foca/ Diftance of the
little Leus N is, the greater will its Effeéts
be in dilating the Image of a fmall Objeét ;
though there are fome Inconveniences (to
be mentioned afterwards) which here offer
them{clves, and forbid our going beyond
fome certain Limits. And the {ame thing
happens to lictle Spheres, which may be ufed
for Lenfes, and might otherwife be made
as litcle as we pleafe. But thefe {mall Spheres
are inferior to little Lenfes upon this Ac-

- B count,
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count, that for the fame Degree of ‘magni-
f)nng, if both be made of Glaﬁ the Lenfes
are three times more diftant frofn the Ob-
jeét than the Spheres; and by that means
}eave a (ufficient’ Space for the lateral Light
to enter, and make the Colours of the Ob-
jeét wﬁble whereas otherwife we are for-
ced to turh the Microfcope diréétly againft
the Light, and can only then difcern’ dif-
tln&!}r fuch Ob]c&s as by their Thmneﬁi are
pellucid.

* The Effeéts o httle Sp.bere “and what
has been faid concerning the three times lefs
Diftance, is thus demonftrated. Fig. 11.9.

i Let there be a Glafs: Spb.ere whofe Center
is K, and its Axis AB; in' which® produced
on both Sides the Eye is placed at D, and
the Objeét at C, each of thc Diftances A D,
B C being taken equal to half the Radiug
A X : And confequently the Point C is the
Focus where Rays falling parallel to the
Axis AB, upon the Sphere at AH are after
Emerf ion colleéted ; as is fhewn in Article
1V. of this Sﬂpp!emﬂzr W herefore an Ob-
jeét placed at C will fend Rays upon the
Spﬁere which will after Refraction be re-
ceived parallel by the Eye, and confequently
make diftiné Vifion. But by Prep. XIV.
if we take the Point F fuch, that F A may
be equal to the Radius AK, the Point F is
the Focus towards which parallel Rays after
Refraction at the firlt Surface B G do tend
¢ HIG ~ : in
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in their Paffage through the Sphere, and
from which they are diverted after Refrac-
tion at theit Emerfion, and colletted at D.
Make G E parallel to the Axis, and com-
prehending the Portion of the Obje& CE,
and draw the right Line ED. The Ra
.then E G "being refracted at G, pr_occegfg
according to G F ; and being again refrated
at H, goes on to meet the Eye at D.
W‘l’l’ﬂrefﬁre“ the Line CE is feen under the
Angle A D H, which would appear to the
naked Eye under the Angle CDE; which
Ifay is but the half of the former. .
| " For becanfe A'F is double of AD, the
Angle ADHis double of AFH. But DF
1s parallel to EG, becaufe G E is both pa-
rallel to F D, and to be locked upon as equal
to it, or to the right Line BC; becaufe CE
is'to be a Line very fmall with refpe& to the
Diameter of the Sphere. Therefore the An-
gle AD H is alfo double of the Angle CDE,
and confequently equal to the Angle CKE.
From whence it is plain, that t©o the Eye
placed at D the Line C E will appear under
the {ame Angle in which it would appear
to the naked Eye fceing from the Point K.
‘Whence if the Diameter of the little Sphere
A B were #, of an Inch, we fhould have KC
= * of an Inch; which is to the Diftance
of 8 Inches in the Proportion of 1 to 128:
So that the increafed Magnitude of the Ob-
(3l je¢t would be as 128 to 1; which is indeed

“ very

—
- =

e ——
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very confiderable. - But if NR, the focal
Diftance of the Lens, be equal to the right
Line K C, we have fhewn that by this
means the Obje¢t R Q would be feen in the
fame Magnitude as if the Eye were placed
at N without the Lens ; nor in the ufing
this LZeys will the apparent Magnitude be
any ways changed, in whatfoever Part of
the Axis R N produced the Eye be placed.
"Therefore "tis plain the fame Degree of Mag-
nifying, and the fame Effe¢t every way, is
performed equally by the Leus N and the lic-
tle Sphere A B. And it is moreover mani-
feft, that the Diftance RN, being taken equal
to K'C, is equal to thrice BC. O E.9D.
We are next. to explain the Maunner how
little Spheres and Lenfes may be prepared
and firted' for Ufe. ™
~ The lels Spheres are to be, the ealier
they are prepared, after the following man-
ner. 'Take the {malleft Fragments of
Glafs, and hold them to the lower part
of the Flame of a Candle, where the bluifh
Colour is difcernible, that they may grow
red hot; ‘and then if they be taken up by
the fineft Steel- Wire that can be got, and
dexteroudly turned, they will be formed into
Globules, which are large. enough if equal
to a Grain of Muftard-Seed. Out of feve-
ral thus prepared, you will find fome very
ood; which may be tried by including
them in a Brafs-Plate, and is thus done:
"Take
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Take aPlate of the thinneft Brafs the Breadth
of a Finger, and twice as much in Length,
and bend it double ; perforate this Reétan~
gle in the middle with the Point of a Necdle,
and rub the oppofite Holes {mooth with a
Whetftone, that no Roughnefs may remain
about the Edges, and black them with the
Smoak of a Candle, that no Brightnefs may
continue within. Put the little Sphere, {till
adhering to the Steel-Wire, into the Holes
within the Brafe-Plate, and fix it there, by
faftening the two Leaves of the Plate toge-
ther. After this manner you may make
feveral Microfcopes with great Eafe, out of
which you may make choice ot thofe that

are beft.
The principal Ufe of this fort of Micro-
Jeopes is, to look at Corpufcles that are pel-
lucid. And they are placed in a Machine
made in fuch manner, that by turning a
Screw they may approach to or recede from
the Object, and fo be brought to the due
Diftance, which is requifite for diftiné Vi-
fion. And to this it conduces very much,
that the too great Light be reltrained, and
only admitted through the Hole, ‘which is
about four times the Diftance from the Ob-
jeét. For by this means-the Aperture of
the Lens is better limited than by the
Breadth of the contiguous Hole, which
there is no Neceflity at all of ftraitening.
The Eye muft be brought as clofe to the
little
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little Sphere as may be; that it may coms
prehend the greater Space.

_The Curpufclf:s or Drops of Ligquors whxch.
are to be looked at, are put upon a little
circular Plane of Glaﬁ. which is made to
flide laterally every way, that we may bring
every Part of the Objeét to be viewed fuc-
ceflively. Some attract the Liquor to be ex-
amined into capillary Tubes of Glafs,fo {mall
as fcarce to admit an Hair; which has like-
wife its Ufes. But in ufing thofe little Lenfes
before mentioned, Care muft be taken, that
while by means of another Lens on one Side
we caft Light upon the Object, the Hole of
the Aperture may be exactly limited, by
trying how much it may lie open without
being an Hinderance to diftinét Vifion. For
here the Points of Corpufcles emit Rays of
Light, and are fo' many radiant Points,
which is quite otherwife in thofe pf:l-lur.:id
Corpufcles that are looked at through little
Spheres, where the Objeéts intercept: the
Light, not emit it.

The Effects of this fort of little Leufes
and Spheres are very wonderful, as may be
feen from thofe Experiments with them
which have been made publick, and from
which our Knowledge of Nature has re-
ceived very great Light and Information.
By thefe the mrculatory Motion of the Blood
has been put beyond Controverfy, which
our Lawef:bﬂsk the moft u;lhgent Obferftti:

0




o Dr. GREGORY's Optics, 177

~ of thefe Matters, has thewn me in che Thail
~of an Eel, to my very great Satisfaétion
and Delight.  For the Blood appears pellu-
cid, and confifting of reddith Globules, and
runs through the Channels of the Artcr;es

“which are continued to the Veins with a
very rapid Motion. Which without doubt
‘might be obferved in all other Animals, if
~we could find out fuch Parts in them as are
pervious to the Light. - He put the live Eel
into a Glafs Tube half full of Water, to
which he externally applied the Zl/ffm;'ﬁ:ﬂpe
at that Part where the Extremity of the
Tail touched the Tube.

Tis alfo-very pleafant to obferve the
| Auimaleula that fwim in Drops of Water,
in which we have infufed Ginger, Pcpper
or fomething elfe of an hot powerful Odour
| for fome Days : They are of various Forms,
i and fome lefs than others; their Motion’s
are wonderful, and for their Size fufliciently
| quick ;. nor is the Inftrument apparent by
which they perform them, for they have
neither Legs nor Arms, nor do they bend
their Bodies like Fithes.  For the little Eels
in Vinegar, which are much larger than
they, {wim Lke thofe in the River, in which
it is very much to be wondered that thcy
fhould generate little ones of themfelves.
For If{aw one which had four young ones
within it (for they are altogether pellucid)

and after it had been kept in the T'ube for
Z {fome
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fome Hours, brought them all forth, ever
one of whlch d:d aﬁerwards fw1m by 1t

It is very probable that thofe Animalea-
/2 which I have faid move about in Water,
are invited thither out of the Air by the
Odour of the Infufion. For the fame Figures
appear upon macerating feveral things in
Water ; but if the Veffel be covered, none
at all appear. Nor is it difficult to conceive
how they fhould be fupported in the Air,
when they are fo much {maller than the fineft
Duft that is. ' So that perhaps we draw
many thoufands of them into our Lungs
every time we fetch our Breath, without
knowing it. ' Nor would it be ufelefs to ob-
ferve at what time of the Year they appear
in greateft Numbers, and whether they en-
creafe in a vitiated Air. Milk appears to
confift of fmall pellucid Globules {wimming.
in a Liquor likewife pellucid, but of a diffe- |
rent Refraction ; and hence it is that'it ap< |
pears white, though it contains no other |
Matter but what is perfeéily tranfparent, |
and without Colour. =~ - o

['omit thofe many wonderful Forms of
minute Infects; the Wings of Butterflies
and Gnats, cered with Ilttlc Feathers ; |
the Powders obferved in the Middle of’
Flower-Tops, which are nothing elfe but
little tranfparent Bladders, filled with that
Matter of which the Bees make their Hony,

and |
I
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and which they carry between their Legs
into their Hives. But what ought to be
looked upon as the moft wonderful and afto-
nifhing of all is, that an immenfe Multi-
tude of Awimalenla are difcovered to fwim
in the Semen mafculinum, after the manner
of little Fifhes, almoft of the fame Figure
with a Frog newly formed, and yet without
Legs. Which Auimalcula, 1 make no que-
ftion, enter the Oca mulichria, and are the
Rudiments of what is brought forth from
thence. There are feveral Confiderations
which confirm this Opinion ; nor is it any
great Objection, that out of {o greaf a Mul-
titude either few or only one of them comes
to Maturity, and grows to be an Animal ;
fince the fame abundance and fuperfluous
Fruitfulnes is equally obfervable in moft
Seeds of Trees and Herbs , as of Firr, Pop-
pies, (7.

Thefe dmimalcula, by reafon of their
wonderful Smallnefs (for even ten thoufand
of them are not equal to the {malleft Grain
of Sand) ought to be looked at through fuch
Glafs Globules as have the greateft Power
of Magnifying.

s 2 Prorp;
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YRUP. 1L
To explain rhe Efetls of Compound

MicrOSCOPES. -

7 E come now to {peak of compound
Microfcopes, by the Help of which
fuch Objects as are not tranfparent are look- -
ed at, and their true Colours difcovered,
and that much better and more commodi-
oufly than through fingle LZeufes.

- [Fig. v2.13.] Suppofe the Microftope be
a double one, confifting of two Leinfes, one
lefs A, and another greater. B. Why we
difpofe them fo, we fhall afterwards ex-
plain.’ And let B be the ocular Lens neareft
the Eye, placed fuppofe at C; A the Object
Lens neareft the Object placed fuppofe at E;
and A B C the common Axis of both Lenfes.
There will be two Cafes, as may be feen
reprefented in the two Figures to which this.
Prop. refers.  In the firft,” Rays proceeding
from a fingle Point E of the Object, and
falling upon the Lens A, are refracted by it
and again united in the Point P, and there
interfecting one another, and proceeding
towards the Lens B, ave by it refracted and
‘made parallel, and fo enter the Eye at C,
and by that means make diftinct Vifion. "Tlis |
neeeflary therefore that AE, the Diftance |

of
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of the Object, fhould-be greater than A Q,,
the focal Diftance of the Lens A. And
the Focus P muft be found by Prop. X VL.
or by making EQ,EA, EP, in acontinual
Proportion. But the Lenus B is to be fo pla-
ced, that its Focus on that Side towards A

- may fall exaétly upon the Point P, in order

that the Rays may be made parallel after
Refraction at the Lens B.  All which is eafily
done by what has been before demonftrated.

The other Figure (13 ) reprefents the feveral

Rays DAG, FAH, E A B, proceeding from
difterent Points of the Object. A is the middle
Point of the Lens, and AP, AB, AC, are
made in a continual Proportion in order to
determine the Place of the Eye C; for by this
means, however {fmall the Aperture of the lit-
tle Lens A may be, the whole Lens B will
neverthelefs be filled with the Image of the

Object, becanfe the Rays falling frem A upon

the whole Lens B are collected in the Point C.
[ Fig. 13.] Buc the Proportion of the ap-
parent Magnitude to the true will be found
by drawing the right Line CF. For the Pro~
portion required will be the fame to that
which the Angle BCH bears to the Angle
ECY ; which Proportion is compounded of
the Proportion of the Angle BCH to BAH,
and of the Angle BAH or EAF to the
Angle ECF. But the firft of thefeis the
fame with the Proportion of the right Line
ABto BC, and the laft that of C .EAIB
E &
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B A ; " becaufe Angleu that are fmall are
lﬂuked upon to be' to.one another as their
"Tangents. Therefore the Proportion of the
apparent Magmtudﬂ to the true will be com-
pounded of the Proportions A B.to BC, or
AP toPB(fer AP, AB,AC, are in &
continual Propoition) and {,E to EA But
that the Effects of the Microfcope may be
more exactly eltimated, the Angle BCH is
rather to be cumpared with the An le undet
which the right Line EF would be feen at
the Diftance of 8 Inches from the Eye; that
is, with the Angle ELF, LE being taken
equal to 8 Inches, according to what has
- been faid before of magnifying by a fingle
Leéns. And confequently the Proportion of

magnifying muft be here underftood to be

compﬂunded of the Proportion of the Angle
BCH to BAH, and BAH or EAF to ELF ’
that 1s, of the Proportion of AP to P B,
and of EL, a Line 8 Inches long, to the
right Line ‘EA. For if the Microfcope
werc of fo great Length, that, for Example,
CE fhould be two Foot Iong, that is, equal
to thrice the right Line L E, and the appa-
rent Magnitude to the true were found by

‘the former Reafoning to be as go to 1; yet

it is not really any. greater than as 30 to kS

‘becaufe the right Line E F would only ap-.

pear 3o times greater by the Affiftance of
the Microfeope, than it would if viewed by
‘the naked Eye at the Diftance of 8 Inches:
: | For
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For we are not to confider how much, by
means of the Microfcope, we magnify an
Objeét at the Diftance of two Foot ; but
how much greater it is made than when
viewed at that Diftance to which we bring
our Eye when we defire to look at any
thing more curiouily. ”

Of the Licut and AvERTURE of
M1cROSCOPES.

T YPon the dperture of Microfcopes all
their Effeéts and Virtue entircly de-
pend : So that from hence it is that we are
to learn to what Degree the magnifying of
Objects may be brought ; which no bod
that I know of has hitherto determined.
And it will be found that we may here pro-
ceed ad infinitum, as fhall be thewn in Tele-
Jeopes, not indeed in a fingle Microfcope of
one little Lens, but in thofe which are made
by a Combination of more than one.
In Microfcopes made of a fingle Lens it
is to be obferved, that if their focal Di-
{tance be about half an Inch or greater, there
will be no occalion for limiting the Aper-
ture in order to make diftinét Vifion; be-
caufe the very Narrownefs of the Pupil of
the Eye excludes, as much as there is occa-
fion, thofe Rays that difturb Vifion, and as
much as they would be excluded if the Lens
were
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were made to have a lefs dperture. But in
fmaller Lﬁ;r;y@r where this Limitation of
the Aperture is neceffary, the Rule js, that
the Diameters of thofe Apertures fhould be
in the fame proportion with the Jocal Di-
ftances of the refpe@ive Lenfes, in order to
havé the Obje& feen by both equally diftinét,
But the Light or Brightnes will be in a
duplicate Proportion of thofe focaZ Diftan-
ces ; fo that the more convex the Leus is,
the oreater indeed, but then the more ob-
fcurely will every thmg be'feen.

[Fig.14,) Let Pbe a finall Leus, whole
Axis is T BF P D the Semidiameter of the
Aperture, whlch Experience teaches to be
the greateft that can be admitted, and that
lefs than the Pupil of the Eye F thE extreme
Focus of red Rays (which are lealt refrangi-
ble) procecding parallel to the Axis, in which
Point {uppofe the Object to be placed and
B the Focus of violet- cﬂfﬁm ed Rays, which
are maft refrangible, 'The fame things be-
ing fuppofed in a fmaller Lens p, the Seml-
diameter of whoft Aperture td is to the
focal Diftance p f in the fame Proportion as
in the greater ; I{ay the Object will be fecn
r—:qually diftin& in both.

For fince the qu E D, parallel to the
Axis falling upon the Lé’ﬂ! P, is refradted
unequally, and divided into its extreme
Colours by the Angle FD B, fo that the
extreme Colour Rf:d palles to F, and the

- extreme
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extreme Violet-colour to B; it will happen
on the contrary, that a Ray FD proceeding
from the Objeét will be divided into its ex-
treme Colours by an Angle E DK, equal to
FDB. Therefore in both Cafes FD B is
the Angle of Aberration, upon which de-
pends the Aberration of the Rays in the bot-
~tom of the Eye, as fhall be thewn when we
come to fpeak of Telefcopes. But fince from
the Nature of this Abberration, PF isto F B
as pf t fb; and alfo by Conftruétion PD
isto PFas pdtopf; it follows that the
Angles, aswell PFD, pfd, as PBD, pbd,
are equal. Wherefore the Difference of the
Antecedents, PFD, PBD, is equal to the
Difference of'the Confequences, pfd, pbd;
that is, the Angle FD B is equal to the
Angle fdb, and confequently the dberra-
tions in the bottom of the Eye are in both
Cafes equal, and by that means Vifion
equally diftinét.
Moreover, becaufe the Angles PF D,
p fd are equal, it is plain that the fame
Quantity of Rays in both Cafes proceeds
from the fame Points of the Object F and f|
or any others, upon the Lenfes, and from
thence to the Eye. But the Breadth of the
Object in the bottom of the Eye is in the
fmaller Lens fo much greater as P F s
greater than p f, "as has been before demon-
ftrated ; and the apparent Surfaces are in
a duplicate Proportion of thofe Breadths.
Aa There-
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Therefore the fame Quantity of lucid Rays
expended towards illuftrating each Surface,
. w:Il make that which is leaft the cleareft
by fo much as the other Surface is greater ;
that is,” in a duplicate Proportion of P F
to p f ; which was the laft thing to be de-
monfirated.

Since therefore the fame Perfection of
Vifion which is to be found in larger Lenfes
cannot be had in more convex Lenfes with-
out diminithing the Brightnefs of the Ob-
je¢t at the fame time; it follows that we
cannot proceed in magmfymg as -much. as
we pleafe, unlefs a greater Light -be bor-
rowed fomewhere elfe to illuftrate the Ob-
ject. - Nor will this be of any great Benefit,
becaufe the Latitude at the Pupil of the
Eye, or the little Cylinder of Rays flowing
from every Point of the Obje&, and which
has here the {ame Latitude with ‘the Aper-
ture, cannot be contraéted farther than the
fifth or fixth part of a Liwe; fo that even
this limits the Efficacy of thefe little Lenfes.

The Effeéts of more compounded Micro-
Jeopes will eafily be accounted for after the
fame manner. ~And indeed a full Confide-
ration of Prop. XXI. and XXII, is fufficient
for explaining the Effects of all forts of
compound Micrefeopes.

Of
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obat S A0f T B1LE S/c 0P 8BS |v)
yih '

Pror. HL

Q Telefcupe made by a convex and con-
'\ cave Lens reprefents vaftly diftant
Objets diftintt and ereit ; and maguifies
them according to the ?rapart:an of the
focal Diftance of the convex Lens to the
focal Diftance of the concave Lens.

Fig. 15. Let AO be the common Axis of
both Lenfes, and A the extreme conpex
Lens, whole Focus of parallel Rays pro-
ceeding from the vaftly diftant Qbjelf is fup-
pofed to be at O. Let D be the concave
Lens, which is {o placed between the Leus
A and its Focus O, that the fame Point O
may alfo be the Focus of the coucave Leus,
where Rays falling parailel from the Side
of O would be collected, And firft, fup-
pofe the Eye of the Spectator placed next
to this Lens.

The Rays then proceeding parallel from
each Point of the eaftly diftant Objeil, and
falling upon the Lens, thofe which procced
from that Point of the Objelf, which 1s in
the Axis produced, would be colleéied at the
Point O; but they are again made parallel
by means of the Leus D, We would have

Aa 2 the
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the Rays fall parallel upon the Eye, that
the Telefcope may be fitted for thofe who
have good Eyes; for we fhall fpeak after-
wards of thort-fighted Eyes. In like man-
ner the Rays proceeding from thofe Points
of the vaftly diftant Objeit which are out of
the Axis would be all colleted at refpeétive
Points near O; but thefe alfo by Refrac-
¢ion at the Lens D are again made parallel,
though fomething oblique to the Axis A D,
which Rays, to avoid Confufion, are not ex-
prefled in the Figure. Therefore the Rays
which proceed from the ezaftly diftant Ob-
jet being made to fall parallel upon the
Eye, will make diftinll ¥ifion ; and fince
thofe Rays that proceed from the O:’:g('eﬂ go
on to meet the Eye in the fame Order, ’tis
plain the apparent Propofition of the Objet?
will be the fame with the true, or the O5-

16t will be eret?. |
Fig.16. The Lenfes AC and D, and the
Point O being placed as before, find by
Prop. XVI. the Point P, to which Rays
tending, will, by Rafrattion at the Lens
A C, be collected at D the Center of the
Lens D: Which Point is alfo found, by
making D P a third proportional to D O,
DA, and taking it on the fame Side with
DO. Suppofe the Ray EC P to be one
of thofe which proceed from the extreme
right Side of the vaf#ly diffant Objeti,which
imagine
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imagine to be the Moon, and its Center to
be placed in the Axis D A produced. It is
plain that this Ray will come to the Eye in
the right Line CDF, becaufe it pafles thro’
the Center of the Lens D, whofe middle
Thicknefs may be neglefted as inconfide-
rable, and its two Surfaces in that Place
looked upon as parallel. But we have fhewn
before, that all the Rays proceeding from
each Point of the Moon will, by means of
fuch a Telefcope, fall parallel upon the Eye.
‘Wherefore the Eye will receive all the Rays
from that Point E of the Moon in fuch man-
ner, as that they fhall be parallel to the Ray
CDF; and confequently will fee that Point
of the Moon in the Place to which the right
Line D C tends; which tending to the
fame Side of the Axis, on which that Point
of the Moon is fituated, from whence the
Rays proceeded, ’tis plain the Objeét will
appear ¢reff. Moreover the Angle ADC
determines the Semidiameter of the Moon,
as encrealed by the Telefcope. But the
Angle CP A 1s that which determines its
Semidiameter, as feen by the naked Eye;
becaufe we before fuppofed the Ray ECP
to proceed from the extreme right Side of
the Moon, and the Ray HA P from its
Center: For though the Point P is beyond
the Eye, and the Eye fees from the Point
O, yet the Moon being an Object vaftly di-

{tant
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ftant, will appear under the fame Angle to
the naked Eye, whether it be viewed from
‘the Point: P or O. Therefore the Moon
will appear magnified, according to the Pro-
portion of the Angle AD C to AP G,
which Proportion may here be looked  up-
on as the {fame with that of P A to D A.
But becaufe by Conftruétion DO is to D A
as DA to D P, byinverting and com-
pounding - the' Proportion, A O will be to
OD asPAto AD. Wherefore the appa-
rent Magnitude will be to the true as A O
t0:O By QB D.

It appears from hence, that the apparent
Magnitude is the fame, in whatfoever Place
behind the Leus D the Eye is {ituated.

Fig. 17: Let the Lenfes A C and D be
placed-as before, and let A Q be taken in
their Axis produced equal to AO. And
out of thofe Rays which proceed from a
Point of the right Side of the Moon, let
us confider the Ray R QC paffing through
the Point Q (for fome one will pafs through

it) and meeting with the Lexs A C in C.
It will afterwards become parallel to the
Axis A D, and when refratted again at the
concave Lf;ff.f, will diverge, as if it came
from the Point I., and will tend to the Eye
in the right Line L I F, fo as that the
Diftance LD may be equal to DO; becaufe
L is in that Cafe the Focus of parallel Rays
falling upon the Lenus D.

The
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‘The Proportion of the encreafed Magni-
tude is hence eafily colleéted,. For becaule
the Rays proceeding from the right Extreme
of the Moon, after having pafled both Lesfes,
are parallel, and come fo to the Pupil G F,
and confequently they become parallel to
the Ray L1F, which we know to be one of
them ; that Point of the Moon will appear
in the right Line 1L, and confequendy the
Semidiameter of the Moon will be compre-
hended in the Angle 1 L D. . But the Angle
in which the Semidiameter would appear
to the naked Eye, either from D or from
Q, is RQH, or CQA. Therefore the Pro-
portion of the encreafed Magnitude is the
fame with that of the Angle DL1.to AQC;
that js (becaufe of A C, DI equal)as A Q
o LD. But AQ is equal to AO, and
LD is equal to DO. Therefore the Pro-
portion of the apparent Magnitude to the
true is as AOto OD. 0. E.D.

To determine what will be the Amplitude
of the vifual Angle, or of the Space which
is reprefented at one View by a Teleftope
{ﬂqwﬁfrfg of a convex and concave Lens.

Fig. 18.  The Amplitude of -the zifual
Angle in thefe Telefcopes depends chiefly
opon the Magnitude of the Pupil of the
Eye, which 15 confirmed by Experiment.
For if applying your Eye to the Telefcope,

1ol youl
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you firft fhut it, that the Pupil may be di=
tated as it ufually is in the Dark, and then
open it on a fudden, at firft View you will
difcern Objects in a larger Orb than a little
while afterwards, the Orb being prefently
contracted as foon as the Pupil is contracted
by the Brightnefs of the Light. But if you
place a Plate perforated with a fmall Hole
before the Eye, you will difcern every Ob-
ject in a lefler Orb.

If you make the Hole extremely {mall,
the lucid Orb will not be contradted in
proportion to the Smallnefs of the Hole,
but its Amplitude will then be limited by
the Aperture of the convex Lens, and con-
fequently will not be diminithed beyond a
certain Degree, except the convex Lens be
alfo more contrated. The Reafon of which
is very eafy to be explained. For if EF
be the convex ZLewns, and B the concave,
to which the Pupil of the Eye applied has
firft the Magnitude CD ; draw from the
oppofite Points C, D in the Circumference
of the Pupil, through the Center of the
Lens A, the right Lines CAH, DAG.
Thefe will determine the eifual Aungle ,
under which that Part of any Object which
is feen at one View is comprehended : Be-
caufe Rays coming from the Points G, H
through the Center of the Zens A, pene-
trate without Inflexion to C and D ; there-

- fore
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fure'that Part of the Obje& which is com-

- prehended within the Angle GAH cannot
but fend Rays to the Eye, even though the
Pupil were a little narrower than DB C.
For drawing G AK fo as to make A K
equal to A O, and joining EK ; if fo be
EK falls upon the Pupil; the Obje&t com-
prehended  under the Angle G A H will be
difcerned, but the extreme Points towards
which the right Lines AG, AH tend will
be feen but obfcurely, becaufe only a {mall
Part of the Rays, which they caft upon the
Lens EF, enter the Pupil.  And hence it
happens, that how much foever the Aper-
ture ‘of the Lens EF is contratted, the
Amplitude of the oifual Angle is never-
thelefs not at all, or cxtremcfy little dimi-
nithed, fo the Orb of the Pupil be not con-
trated.  But this Breadth of the Pupil be-
ing diminifhed, and reduced as it were to a
Point, the Amplitude of the vifual Angle
is the fame ‘with that of the Angle EPF ;
E F being fuppofed the Aperture of the
convex Lens, and the Point P found by
Prop. XVI. or by making B O (the Di-
ftance of the concave Lens from the Focus
of the convex) BA and BP in a conti-
nual ‘Proportion. - For no Rays tranfmit-
ted through the Lens A can arrive at the
Point of the Eye B, but fuch as before they
fall upon that Lens tend towards the Point
B b P.
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P. The greateft Angle EPF, of which
Rays, is determined by the Aperture of the
Lens A.

This is the Tffqﬁ'ﬂpa which was firft
found out by G'alilens, and fill retains his

Name; and is the fame with a common
Profpeétive Glals. |

Pror. IV.

Telefcope made of w0 convex Lenfes
reprefents va dﬂ{y diftant Ob;fﬁf di-
ﬂarf but inverted ; -and magnifies them
according to the Proportion of the focal
Diftance of the exterior or objett Lens, 10

the tocal Diftance of the interior or ocu~
lar Lens.

['Ff‘g. 19, 20.] Let A C be the exterior
convex Lens, D the interior, AD the com-
mon Axis of both, and O the Focus of the
Lers AC.  Let the other Convex D be (o
placed, that the fame Point O may be alfo
its Fozies, or the Point of Concourfe of pa-
rallel Rays coming from the Side of G, where
the Eye is fuppofed. 'We are to fhew'that
all ‘'this being fuppofed, vaftly diftant Ob-
;t&s will be feen diftin&, and inverted and

magni-
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magnified, according to the Proportion of
A0 to OD.

And here we muft make ufe of two fe-
veral Figures, as in the preceding Propofi-
tion; in the firft of which the Rays coming
parallel to the Axis HA, are by the Re-
fraction of the Lens A C collected at its
Focus Oy and from thence tending farther
to the Leuns D, are by it again made pa-
rallel to the Axis AD, and {o come to the
Eye placed at G. And as in the preceding
Prop. we muft again confider this Compo-
fition of parallel Rays, as coming from a
fingle Point of the vaftly diftant Object,
which is placed in the Axis HA D, as {up-
pofe from the Center of the Moon ; and
the like parallel Rays coming from every
other Point of the Objef? upon the Lens
A C, as{uppofec from the extreme right Side
of the Moen, which are inclined to the
former, and being thereby refracted, are
colleted in a Pont of the Axis near O;
where interfeéting themfelves, and proceed-
ing to the Lens D, afier they have gone
through it, they are again made parallel,
(that is, only among themfeclves refpeétive-
ly) and fo arrive at the Eye, Whence ’tis
plain, Vifion will be made dittinét.

The other Figure thews the inverted Si-
tuation, and the Proportion of the encreafid
Magnicude of the Objei. . Where the con-

Bb 2 Vex
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vex Lens A C and D, and their common
Focus O, being placed as before ; and more-
over, as in the {econd Demonftration of the
prﬂ:c'e:isf,«g Prop. the Diftence A Q being
made equal to A O, the remaining ‘Part of
the Demonftration will proceed much after
the fame manner.  For if, out of the Rays
which proceed from a Point in the extreme
right Side of the Moon, we cheofe one RQC
paffing through the Point Q ; thar after
Refraction at the Lens A C, will p‘afs in
CI parallel to AD, and being again refrai-
ed by the Zens D, will tend along theright
ILine I F L to the Point I, taken in-fuch
manner that the Diftance E L. is equal to
D O. But becaufe the Rays from the ex-
treme right Side of the Moon, after Refrac-
tion at both Lenfes, arrive parallel at the
Eye, as has been faid before, and" I-F L is
one of them ; it follows that they will all
fall parallel to I F L upon the Eye," and'that
Point of the' Moon will be feen in a Place,
according to the right Line FI: Which
fince it tends to the oppofite Side to that from
whence thofe Rays came, ’tis plain that ‘the
Situation of the Moon will appear inverted,
{o that the right Side will be changed to thc -
lef, and the upper Parts to thE‘: lower.
Mnrenver fince the Center of the Moon
will be feen in the right Line DA, TED

mil be the apparent Annle of the Semidia-
meter
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meter of the Moon.  But to the naked Eye
that Semidiameter is comprehended under

the Aongle HQR, or AQC. Thercfore

the Ratio of the apparent Magnitude to the
true is as the Angle DL1to AQC, that
15, a2s AQtoD L; becaufe A C, DI are
equal, thatis, as’AO to OD. Q. E.D.
And hcere likewife it appears, that it fig-

- nifies nothing to the apparent Magnitude,

wherefoever the Eye is placed behind ‘the
Lens D. But that it may comprehend moft
at one View, it is'convenient it thould be
placed at or near the Point L; becaufe it
appears, that-alchough the Breadth of the
Pupil be ever fo litcle," yet the whole Lens
D, while it does not exceed the Aperture
of the Lens AC (for it is ufually confined
within this Meafurc) will be feen full of the
Objett.

Th:s is the Tff.:’ﬁﬂpf moft commonly ufed
to look at celeftial Bodies.

Pror. V.

0 explain the Conftruttion of a Telc-
, dcope compounded of four Convexes,
by means of which Objeils are feen ere&

z‘md )y amply.,
- [ Fig.
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[Fig. 21, 22.] Telefcopes made of rwy
Cmswexf.r, becaufe of their inverging the
Pofition of the Obje&, are feldom ufed, ex-
cept in qbﬁ:rwng thc Stars, the Pofition of
which is nct regarded. 'The Proportion
in which this Surt maﬂmﬁes the Object has
already been demonffmt&d But if we would
have thefe Images again made. erecs, and
at the fame time a great Share of them be
reprefented to the Eye at one View very
amply, we muft ufe 3,4, 5, or more Lenfes.
Which however are not to be multiplied
without Caufe, becaufe the Matter of cach
of them and the Reflexion of  their feveral
Surfaces divert Part of the Rays. But we
cannot obtain the defired Effect perfetly,
with fewer than 4 Lenfes. For although
in' the fame Length of the Telefcope both
an eref? Situation and the fame chrfc of
Magnifying, and an equal Shsre of the Ob-
jeét may be had as well with 3 as 4 Lenfes ;
yet the Compofition of 3 Lenfes is much
more inconvenient than that of 4, becaufe
in that the two ocular Lenfes, or at leaft
that which is next the Eye, muft be made
of larger Segments of a Sphere, with refpect
to its Ulall"f:I'EI‘ or to the focal Diftance,
if the fame Magmtude of the vifual Anglc
be required. And hence the Objetts come
to be coloured, and right Lines, at the

Margins of the Aperture, appear curve.
‘There-
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Therefore we muft make our Telefcope of
4 Lenfes ; which is done after thr: «folluwmg
manner.

The exterior or ob; et Lﬁr_r is A, whofe
focal Diftance is A B; and in the fame Axis
are placed three ocu lar Lenfes, C, D, and E,
all equal toone another, the fnmnﬂ“ ﬂf Whlch

placed beyond the Focus B, by its focal
Dlﬁance B L and the next D'is placed be-
yond C, by twice that Diftance, B C, and
the laﬂ: as far from D as that was f'rﬂm C;
and laftly, the Eye muft be placed beyond
this laft by the Diftance BC.

There is here again Occafion for two Fi-
gures ; in the firft of which are reprefented
Rays proceeding from a fingle Point of the
vaftly diftant Objelt : Which (‘tis plain to
any who underftand what has gone before)
firft fall as it were parallel upon ‘the Lens A,
and are by it colle@ed at its Focus B, and
thence diverging fall upon the Lens C, which
makes them again parallel; and throws them
upon the Lens D, which colleéts them at its
Foeus H, the middle Point of the Diftance
D E ; from whence proceeding on to the
Lens E, they are by it made a third timé
parallel, and being received fo by the Eye
F, they make di ftinct Vifion, by bcmﬂ' col=
lected at its Focns which 1s in the buttom
of the Eye.

~The other Figure confiders the Propor-
tiom of Magnifying ; which is, That which
A B,



200 ASUPPLEMENT

AB, the focal Diflance of tbe objett Lens,
bfﬂr: to B C, the focal Diftance of oue af
the ocular Lenfes: And demonfirates like-
wife the Amplitude of the vifual Angle. For
the Apertures of the three ocular Lenfes
being fuppofed equal, which muft not ex-
ceed the Aperture of the object Lens A,
draw M Q, NR parallel to the common
Axis, and comprehending the Diameters of
the Apertures of the Lenfes E and D,  And
alfo KO, LP parallel to the fame Axis, and
comprehending K L, the Aperture of the
Lens C; and taking. A G equal to A B,
draw the right Lines O G U, PG T inter-
{eéting one another in G. Now it is evi-
dent the Latitude of the Objett, which if
feen by the naked Eye from the Point G,
and confequently fmm F alfo, the Diftance
of the Object being as it were infinite, would
appear comprehended in the Angle TGV $
if feen through the Telefcope, would ap-
pear comprehended 'in the Angle MFN:
And confequently the Proportion of the ap-
parent Magnitude to the true is as the An-
gle M FN to the Angle TGV, or PGO;
that is, P O and M N being equal, as the
Diftance A G to the Diftance EF; that 1s,
as A B, the focal Diftance of the objelt
Leus, to BC, the feeal Diftance of one of
the ocular Lenfes. Q. E.D.

It appears moreover, that the vifual An-

gle MFN Lomprchenua the fame Latitude
of
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of the Obje&t with a Telefcope made of two

| Lf’?f*‘:’-".onl}’, A and C; for that Share of

the Objeét which is comprehended in the
Angle T'G V, would be {een through that
Telefcope in the Angle K S L. equal to the
Angle M F N.

This incomparable Compofition of Lenfes
was found out by I know not whom at Rosme,
and may be much improved by placing an
Annulus or Ring either at H, the common
Focus of the Lenfes D and E,or at B the com-
mon Focus of the Lenfes A and C; which is
efpecially of very great Ufe in meafuring the
Diameters of Planets. For this Aunulus does
therefore exactly circumfcribe the Circle of
the apparent Images, becauft it cuts off thofe
irregular Rays which are not collected near
enough to B or H, and confequently are not
by means of the fucceeding Lenfes fent pa-
rallel to the Eye, which diftinét Vifion re-
quires : And the Celours likewife near the
Margins are by this Contrivance taken
away, which without it are not well to be

~ ayoided.

It may feem a little firange, that the Co-
lours of the Iris arife no more in this Tele-
fcope, by the Refraction of {fo many ocular
Lenfes, than in that where there is but one;
but to any one that fhall confider it, the
Reafon will be very obvious, For the Lens
QR correéts and takes away thofc Colours,

G C which
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which the Lens K L produced, their fpheris
cal Surfaces being equal by Conftruction,

Of the AvERTURE of the LENSEs.

Since the Proportion, of magnifying in
Telefcopes made of two Lenfes has been
thewn to be that which the foca/ Diftance
of the objeét Lens bears to the focal Diftance
of the ocular Lens, it may be thought per-
haps, that however fhort the Teefcope be,
the Object may be magnified in any afligned
-Proportion. But there are two Caufes
which make this impoffible ; one is, that
the Aperrure of the obje¢t Lens remaining
the fame, the more we magnify the Object
by ufing a lefs convex ocular Lens, the
more obfcure we make them appear. The
other is, that it reprefents them lefs diftintt.
And if we expeét a Remedy by encreafing
the Aperture, the Confufion will be the
more encreafed. What belongs to the
Brightnefs or Obfcurity, will be eafily un-
derftood by attentively confidering the Image
ot any Obje¢t painted upon the bottom of
the Eyc ; which the greater it is made, |
whether by means of the Refraétion of
Lenfes, or only by approaching nearer, in
fo much greater Plenty muft the Rays from
every Point be received within the Eye, in
order that the fame Brightnefs may fll re-

main,




o Dr. GREGORY’s Optics. 203

main. For if looking at an Obje& with the
naked Eye, you approach to it twice as
near, the Image at the bottom of the Eye
will be twice greater in Diameter, and four
times in Area. But four times more Rays
do alfo, from every Point of it, enter the
Pupil of the Eye ; becaufe the Angle made
by the Cone of Rays becomes twice as large:
And therefore it is that the fame Brightnefs
of the Image is perceived at both Diftances,
which is the Contrivance of Nature. Burt
if a Telefcope were to be made which fhould
magnify the Diameter of any Objeét ten
times, and reprefent it as bright as when it
is looked at with the naked Eye, the Dia-
meter of the Aperture of the Objeét Lens
ought to be ten times greater than the Dia-
meter of the Pupil, although no Part of the
Rays were intercepted by the Reflexion of
the Surfaces of each Lens, or by the Co-
lour of the Glafs.  For by this means, when
the Surface of the Objeét is magnified an
hundred times, we have alfo an hundred
times more Light than was reccived by the
naked Pupil.

But a much lefs Meafure of Brightuefs
{uffices for Telefcopes ; for thofe which we
ufe in the Day-time are not too obfcure, if
‘they have but 5 or 7 of that Brightnefs which
is ufually perceived by the naked Eye. But
thofe longer ones with which we obferve

L Cta the
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the Moon and the Planets, require not above
half this laft Brightnefs, becaufe the Eye is
moved with a much lefs Brightnefs in the
Night than in the Day. So that in a Te/e-
feope 30 Feet long, which magnifies the
Diameters of the Planets 109 times, and
would confequently require the Diameter
of the Aperture of the object Lens 109 times
greater than the Diameter of the Pupil, that
is, of about 11 Inches, if we fuppofe the
Diameter of the Pupil to be *, of an Inch ;
we find that an Aperture of 3 Inches in Dia-
meter {uffices, which admits lefs than 2, of
that Brightnefs which would be admitted
by an Aperture of 13 Inches.

The Proportions between the foca/ Di-
ftances of the objeét Lens (which is likewife
the Length of the Telefcope) the Aperzure
of the fame objeét Lens, the focal Diftance
of the ocular Lens, and the apparent mag-
nified Diameter of the Objeét, for Zelefcopes
from the Length of 1 Rhinland Foot to 100,
are exprefled in the Table following.

TABLE
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Pror. VL

O explain the Manner of fitting o

l Telefcope for obferving Eclipfes of

tbe Sun, and difcovering the Spots in its

Surface, and to deterimine bow great its
Image will be reprefented.

[ Fig. 23, 25.] A Telefeope is found to be
of great Ufe in obferving Eclipfes of the
Sun, and alfo in difcovering the Spots which
are faid to be in its Surface; by receiving
the Image formed by both its Lenfes upon
a white Plane, from which the Light is
every other way excluded. In order to ex-
plain which Invention we muft firft demon-
ftrate the Pofition of the Lenfes which is
neceflary to form the Image of the Sun, as
clear and diftin¢t as may be.

Iet A B be the convex Lens next the
Sun, whofe Focus is E. The other 1s D,
cither concave or convex ; for either of thele
Sorts of Telefcopes will do the Bufinefs :
Though a T'elefcope of two Conzexes is the
moft convenient , becaufe we make it repre-
fent the Images ere&t, while by the other
Sort we invert them. ILet the Point K be
the Focus of the Lens D, where the Rays
coming from the Side of H parallel, are
after Refraétion by it colleéted, and in H
fuppofe the white Plane placed in order to

' | IR A Teey receive
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receive the Image of the Sun. "Which that
it may appear diftinét and nicely terminated,
"tis neceflary that the Rays which proceed
from any one Point of the Sun, and which
fall parallel upon the Lens A B, fhould
again be colleted in one Point upon the
Plane. Wherefore the Diftance between
the Lenfs AB and D ought to be fomething
greater than in the common Difpofition of
the T elefcope, or than when it is fitted for a
good Sight; and the Pofition of the Lens
B ought to be fuch, that the Rays which
would otherwife tend to the Focus E of the
Lens A B, may be diverted and brought to
H ; which may be done by Prop. XVI. or
by taking EX, ED, EH in a continual
Proportion. But in the common Difpofi-
tion of the Telefcope, the Focus K is re~
quired to coincide with the Freus E, as has
been thewn above. So that here the Di-
ftance of the Lenfes is encreafed by the Space
E K, which will always be fo much lefs,
as the Diftance E H is increafed. For the
Diftance D K, which is the given focal Di-
ftance of the Lens D, is divided in fuch
manner in E, that HE is to E D as the
fame ED to E K.

[Fig. 24, 26.] How great the Diameter
of the Image of the Sun will appear upon
the Plane H may thus be determined. Draw
from the Center of the Lens A B to the
Lens D the right Lines B P, BQ, compre-

hending
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hending an Angle equal to that, under
which the Sun’s Diameter appears without
a Telefcope ; and make BC a third Propor-
tional to BK, BD, and join CP, CQ; which
will confequently give G the Focus of Rays
diverging from B after Refration at the
Lens D ; which produce till they meet the
Plane placed at H in the Points L, M. 1
fay, L. M will be the Diameter of the Sun’s
Image reprefented upon the Plane L H M.
For produce P B, QB towards O and N.
Therefore fince from the extreme Point of |
the real Diameter of the Sun on the right
Hand Side, Rays are {fent upon the whole
Lens AB, which are all to be looked upon
as parallel among themfelves, and to the
right Line O B, one of them will proceed
along the right Line O B, and penetrating
the Lens, gon on in the right Line B P;
becaufe B is the Center of the Lens, whofe
Thicknefs is here neglected. For the fame
Reafon one of the parallel Rays from the
left Extreme of the Sun’s Diameter will
proceed along the right Line N BQ. But
moreover, both will be refraéted in {fuch
manner by the Lens D, that diverging from
their Focus C, they will proceed along the
right Lines PL, QM, which are the right
Lines CP, CQ produced. 'Therefore ’tis
plain the Point in the right Hand Extreme
of the Sun will be reprefented at L, and the

oppofite Point in the left Extreme at M.
For
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For fince the Image of the Sun is required

- diftinét, it is neceffary that where onc Ray

pruceedmrr from any Point of it falls upon
the Plane, all the reft which proeceed from

I the fame Point fthould be cmleﬂcd there

alfo. Therefore the Diameter of the Image
is LM: And by a Telefcope made of a
Convex and Concave, the Image is invert-
ed ; and by one made of two Convexes it
is repre['cnted eret. Q. E.D.
But it muft be obferved, that the greater
L M the Image of the Sun | is, the Lens’s
A B and D remaining the famc, the lefs
clear and diftinét will it be : For if all the
Rays defcending from the Sun upon the
Lem' A B, thould poffefs a Space in the
Place L H M ﬂqual to the Breadth of the
Lens A B; that is; if they were to form the
Image of the Sun equal to the Aperture of
the Lens A B, this Image would be as clear
as if the Plane were enlightened by the Sun
without the Interpofition of Lens's. No
refpect being had to thofe Rays which the
Lens’s reﬂer:"t or by reafon of their imper-
feét Tranfpar:ncy do not tranfmit, which
perhaps occafions a Lofs of above half the
whole Number of Rays. But if the Sun’s
Image be made larger, which is neceflary to
be done in Obfervations of this nature, it
will then be fo much the more obfcure. But
Experience is the beft Judge to determine
Dd in
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in what Magnitude it will be moft conve-
nient to reprefent the Sun’s Image in thefe
Obfervations ; by trying firft one, and then
another Diftance of the Plane from the
Telefcope. Where it is to be obferved, that
as we encreafe this Diftance, the Diftance
between the Lens's AB and D ought to:
be a little diminifhed, in order to preferve
the Diftinétnefs of thf: Image ; the Rea{bn
of which has bﬁen already civen.

W. Brow v E.
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APPENDIX’

To thisSecoxp EprtIoN,

By J.T.Desacurters, LL.D. and F.R.S.

B dpac| HE firft Thought we find 1
He @t Print concerning a Refletling
& -'-'==| Lelefcope is that of Dr. JamEs
N l%‘ G REGORY, our Author’s Un-
cle ; who, in his OUptica pro-
mota (Pag. 93 and 94) propoles a Cata-
dioptrical Telefcope (as being far preferable
to T'wo other Sorts of Telefcopes which he
has been deferibing * ) with no other View,
but to make T'elefcopes fhorter and more
handy : For he and the reft of the World
were at that time wholly unacquainted with

the different Refrangibility of the Rays of

- Light; and confequently ignorant of the

Errors occafioned in Refralting Telefcopes
by that Property of the Rays. SirlIsaac
NewrTo N, the Difcoverer of that won-
derful Phenomenon in Light, being then
alfo unacquainted with it; not having made
any of his Experiments with the Prifim till
the beginning of the Year 1666.
* Sec his Words at the End-of this dppendix, No. 1.
Dd 2 . Dr,
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- Dr.J.Grec or ¥ never brought this
"Pelefcope toany Degree of Perfeétion’; but,
owning his Want of Skill in Mechanics,
only propofes it for others to execute, He
had indeed an Obje&-Specuium of Metal
ground to a Segment of a Sphere; and a
little coneave; as well as a lictle convex
Speculum, ground by Rizes and Cox (Op-
tic-Glafs-Grinders, famous in thofe Days)
But becaufe the Object Metal was not well
polithed, he only made fome imperfect Trials,
not fo much as fitting the Specula and Eye-
Glafs into a Tube; and being difcouraged,
as much becaufe he could not have the Ob-
je¢t Metal ground into a parabolic Concave,
as becaufe that which he tried was not welt
polifhed, he gave over the Thoiights of
bringing fuch Telefcopes iato ufe.  (See his
Letter to Mr. Collins; written from Saint
Andrews; Sept. 23, 1672. N°. 4.)

But Mr. J. HApLEY, a few Years ago,
after having made the Newronian RefleCtng .
"T'elefcopes with good Succefs (the Deferip-
tion of which may be feen in N°. 376 of
the Philofophical Tranfatlions) improving
all Dr. J. GrREcorY’s Hints, did alfo
bring this Telelcope to Perfection by the
Work: of his own Hands; and has fince
taught his Majefty’s Optician Mr. EDWAR D
ScARLET, and his Son, to make both the
Sorts; which they do fo well, -that I have
not yet known them cxceeded in thefe In-

firyments-
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ftruments by the Performance of any other
Optic-Glafs-Grinder.

- To return to the Hiftory of the Reflecting
Telefcopes. '

Sir Is aac NEwToN, in the Year 1666,
applied himfelf to grind Optic Glaffes of
other Figures than {pherical (fuppofing,
with all other Perfons who had hitherto ap-
plied them{elves to the Study of Optics, that
"Felefcopes might be very much improved,
by making ufe of Glafles ground to the Fi-
gure of fome other conic Section ; {uch as
the parabolical, elliptical, or hyperbolical)
but' having made fome Experiments with
Prifms, whereby he difcovered the different
Refrangibility of the Rays of Light, he
found that the Errors in Telefcopes arifing
from that Caufe was fome hundreds of times
greater than thofe which were occafioned
by the {pherical Figure of the Glafles, which
did not colleét the Rays into one Point,
where Glafles of the Figure of a conic Sec-
tion would do it if Light was uniform.
This made him take Reflexions into Confi-
deration ; and finding them regular, {o that
the Angle of Reflexion of all forts of Rays
was equal to their Angle of Incidence, he
underftood that by their Mediation Optic
Inftruments might be brought to any De-
gree of Perfection imaginable, provided a
reflecting Subftance could be found, which
would polith asfinely as Glafs, and refeté

as
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as much Light as Glafs zranfmits ; and the
Art of communicating to it a parabolic Fi-
gure be alfo attained.  Bur he thought the
Difficultics very great, and almoft infupe-=
rable, when he further confidered, that
every Irregularity in a refleting Su;mrﬁmca
makes the Rays ftray five or [ix times more
out of their due Courfe, . than the like Irre-
gularitics in a refracting one: So that a much
greater Curiofity would be here requifite,
than in figuring Glafles for Refra&ion.
Being then forced from Cambridge by the
intervening Plague, he did not proceed any
farther till two Years after.* Then, having
confidered what Dr. J. GrREGoRY pmpoﬁd
in his Optica fprﬂmﬂm concerning a cala-
dioptric 'T'elelcope, with an Hole in the
midft of the Obje&t Metal to tranfmit the
Light to an Hye-Glafs placed behind it, be
thought the Difadvantages would be. fo
great, that he refolved, before he attempted
any thing in  the Practlcc, to alter Dr.
GRrEGORY'S Defign, and place the Eye-
Glafs at the Side of the Tube, rather than
the Middle. + He then madf: two little
Reflecting Telefcopes with an Object Metal
fpherically concave; one of which he de-
{cribes in the Philofophical Traufaltions
(N°. 80) and the other, which was better
than the firft, he fent to ‘the Royal Society.

'_* Phil. Yranf. No. So. + . No. 83.
This
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This laft is defcribed in a Letter to a Friend
(fee the Originals hercto fubjoined, N°. 2)
but more fully in the faid Tranfattions, N°.
81 ; from which we here tranfcribe the De-
fcription, with Mr. Huyc E v s’s Remarks,
and Sir Isaac’s Reply to them; as alfo a
farther Account of the {fame Telefcope, with
a Table of Apertures and Charges, from
the 82d Tranfutlion.

An Account of a new Catadioperical Tele-

(14
«
cc
cc
44
(194
149
(19
L
(49

€<
49
(41

e

{cope invented by Mr. NewTon, Fel-
low of tbhe Royal Society, and Profeflor
of the Mathematics in the Univerfity of

Cambridge.

“ This excellent Mathematician having
given us, in the Tranfattions of Febru-
ary laft, an Account of the Caufe which
induced him to think of Refle¢ting Tele-
fcopes, inftead of refraéting ones, hath
thereupon prefented the curious World
with an Eflay of what may be performed
by fuch Telefcopes; by which it is found
that Telefcopical Tubes may be confide-
rably fhortened, without Prejudice to
their magnifying Effe&.
“ This new Inftrument is compofed of
two metalline Speculums; the one con-
cave, inftead of an Obje&t Glafs, the other
plane; and alfo of a fmall plano-convex
Eye-Glafs,

_{ﬁ BY i
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“ By Fig. 2. of Lab. IV. the Structure
of it may be eafily imagined ; iz, That
the Tube of this Telefcope is open at the
End which refpects the Object ; that the
other End is clofe, where the faid Con-
cave is laid ; and that near the open End
there is a flat oval Speculuym, made as

< {mall as may be, the lefs to obftru¢t the

(49

Entrance of the Rays of Light, and in~-

- “ clined towards the upper Part of the
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Tube, where is a little Hole furnifhed
with the faid Eye-Glafs: So that the
Rays coming from the Object, do firlt
fall on the Concave placed at the bottom
of the Tube; and are thence refleGted
toward the other End of it, where they
meet with the flat Specw/um, obliquely

pofited ; by the Reflexion of which they

are directed to the little plano-convex
Glafs, and fo to the Spectator’s Eye,
who looking downwards, fees the Object
which the Telefcope is turned to.

“ To underftand this more diftin¢tly and
fully, the Reader may pleafe to look
upon the faid Figure; in which

““ A B is the concave Specawinmn, of which
the Radius or Semidiameter is 125 or
13 Inches. |

“ C D, another metalline Specubum,

“ whofe Surface is flat, and the Circumfe-
rence oval.

Sab:
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“ G D, an Iron Wire, holding a Ring
of Br.lfb in which the Spcculum CD s
fixed.
“ F, a fmall Eye-Glafs, flat above, and
convex below, of the twelfth part of an
Inch Radius, if not lefs ; forafimuch as
the Metal colleéts the Sun’s Rays at 6%
Inches Diftance, and the Eye-Glafs at
lefs than * of an Inch Diftance from its
Vertex : Belides that the Author (as he
informs us) knew their Dimenfions by the
Tools to (or in? which they were ground,
and particularly meafuring the Diameter
of the hemi-fpherical Cencave, in which
the Eye-Glafs was wrought, found it the
fixth part of an Inch.
“ G G @G, the fore Part of the T'ube faft-
ened to a Prafs Ring HI, to keep it im-
moveable.
“ PQKL, the hind Part of the Tube,
faftencd to another Brafs Ring P Q.
“ O, an Iron Hook faftened to the Ring
PQ, and furnifhed with a Skrew N,
thereby to advance or draw back the
hind Part of the Tube, and fo by that
means to put the Specula in their due
Diftance.
“ MQGI, acrooked Iron (utaining the
Tube, and faftened by the Nail R to the
Ball and Socket S, whereby the Tube

“ may be turned every way.
E ¢ < The



s18 AP PRE IND kX

 The Center of the flat Speculum, C D,
muft be placed in the fame Point of the
“ Tube’s Axe, where falls the Perpendicu-
“ lar to this Axe, drawn to the fame from
“ the Center of the Eye-Glafs; which
* Point is here marked at T.

And to give the Reader fome Satisfaction
to under{tand in what Degree it reprefents
things diftin&, and free from Colours; and
to know the Aperture by which it admits
Light ; he may compare the Diftances of
the Focus E from the Vertex's of the little
Eye-Glafs of the coneave Speculum; that
is, EF ¢ of anInch, and E'T U 6% Inches;
and the Ratio will be found as 1 to 38:
W hereby it appears, that the Objeéts will
be magnified about 38 times. To which
Proportion is very confentaneous an Obfer-
vation of the Crown on the Weather-cock
about 200 Feet diftant: For the Scheme
X, Fig. 3, reprelents it bigger by 27 times
in Diameter, when feen through this, than
through an ordinary T'elefcope of about two
Foot long.* And fo fuppoling this ordi-
nary one to magnify 13 or 14 times, as by
the Defcription it fhould, this new one by
the' Experiment muft magnify near as much
as hath been afligned.

Thus far as to the Structure of this Tele-
fcope. Concerning the metalline Matter,

149

* Figoa.

fit
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fit for thefe refle&ing Speculums, the In-
ventor has alfo confidered the fame ; as may
be feen by two of his Letters, written to
the Puablither from Cambridee, Fan. 18,
and 29, 1674, to this Effc&t; iz,

1. That for a it metalline Subftance he
would give this Caution ; That whilft Men
feek for a white, hard, and durable metal-
line Compolfition, they refolve not upon
finch an one as is full of finall Pores, only
difcoverable by a Microlcope: For though
fuch an one may to appearance take a good
Polifh, yet the Edges of thole fimall Pores
will wear away fafter in the polifhing than
the other Parts of the Metal ; and fo, how-
ever the Metal feem pelite, yet it fhall not
refleét fuch with an accurate Regularity as
it ought todo.  Thus Tin-Glafs mixed with
ordinary Bell-Metal makes it more white,
and apt to reflet a greater Quantity of
Light ; but withal its Fumes raifed in the
. Fulion, like fo many aerial Bubbles; fill the
Metal full of thofe microfcopical Pores. But
white Arfenic both blanches the Metal, and
leaves it folid without any fuch Pores, efpe-
cially if the Fufion hath not been too vio-
lent. What the ftellate Regulus of Mars
(which 1 have fometimes ufed) or other
fuch like Subftance will do, deferves parti-
cular Examination.

Ee 2 To
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To this he adds this further Intimation ;
That Putty, or other fuch like Pﬂwdcr,
with which 1t is polithed, by the fharp An-
gles of its Particles fretteth the Metal, if it
be not very fine, and fills it fyll of fuch
fmall Holes as he {fpeaketh of. Wherefore
Care muft be taken of that before Judgment
be given, whether the Metal be throughout
the Bndy of it porous or not.

2. He not having tried, as he faith, ma-
ny Proportions of the Arfenic and Metal
does not aflirm which is abfolutely beﬁ;
but thinks there may conveniently be ufed
any Quantity of Arfenic equalling in Weight
between the fixth and eighth Part of the
Copper, a greater Proportion making the
Metal brittle.

The way which he ufed was this: He
firft melted the Copper alone, then put in
the Arfenic; which being melted, he ftirred
them a little together, bewaring in the
mean time not tO draw in Breath near the
pernicious Fumes. After this he put in
Tin; and again fo foon as that was melted
(which was very fuddenly) he ftirred them
1?11 together, and immediately poured them
0

He faith, He knows not, whether by
letting them ftand longer on the Fire after
the Tin was melted, a higher Degree of
Fufion would have made the Metal porous ;

bt
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but he thought that way he proceeded to
be fafeft.

He adds, That in that Metal which he
{ent to London there was no Arlenic, but
a {fmall Proportion of Silver; as he remem-
bers, one Shilling in three Ounces of Metal.
But he thought withal, that the Silver did
as much Harm in making the Metal foft,
as fo lefs fit to be polifhed, as Good in ren-
dering it white and luminous.

At another time he mixed Arfenic one
Ounce, Copper fix Ounces, and Tin two
Ounces. And this an Acquaintance of his
hath, as he intimates, polithed better than
he did the other.

As to the Objeétion, That with this kind
of Profpectives Objeéts are difficultly found,
he anfwers, in another Letter of his to the
Publifher of #aw. 6, 167i, That that is
the Inconvenience of all Tubes that magni-
fy much ; and that after a little Ufe the
Inconvenience will grow lefs, feeing that
himfelf could readily enough find any Day-
Objeéts, by knowing which way they were
pofited from other Objeéts that he acciden-
tally faw in it ; but in the Night to find
Stars, he acknowledges it to be more trou-
blefome ; which yet may, in his Opinion,
be eafily remedied by two Sights aflixed to
the Iron Rod, by which the T'ube is {uftain-
ed; or by an ordinary Profpective-Glafs,

faftened
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faltened to the fame Frame with the Tube,
and direéted towards the fame Objeét; as
Des-CarTESs in his Dioptrics hath de-
fcribed, for remedying the fame Inconve-
nience of his beft Telefcopes.

So far the Inventor's Letters touching
this Inftrument : Of which having commu-
nicated the Defcription to Mon{. Car1sTIAN
Huvcens de Zuricuem, we received from
him an Anfwer to this Effect, in his Letter
of Feb. 13, 1672, §t. n.

““ Ifee, by the Defcription you have fent
“ me of Mr. Newron’s admirable Tele-
““ {cope, that he hath well confidered the
“ Advantage which a concave Speculum
“ hath above convex Glafles in colleéting
““ the parallel Rays; which certainly, ac-
““ cording to the Calculation 1 have made
“ thereof, is very great. Hence it is, that
“ he can give a far greater Aperture to
““ that Speculum, than to an Objett-Glafs
¢ of the fame Diftance of the Focus; and
“ confequently, that he can much more
“ magnify Objeéts that way, than by an
“ ordinary Telefcope. Befides, by it he
“ avoids an Inconvenience, which is infe-
““ parable from convex Objeét-Glafles, which
“ s the Obliquity of both their Surfaces ;
“ which vitiateth the Refraétion of the Rays
 that pafs towards the Sides of the Glafs,

“ and does more Hurt than Men are aware
cC
% ok
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of. Again; By the merc Reflexion of
the metalline Speculum, there are not {o
many Rays loft as in Glafies; which re-
flect a confiderable Quantity by each of
their Surfaces, and belides intercept many
of them by the Obfcurity of their Matter.
“ Mean time, the main Bufinefs will be,
to find a Matter for this Speculum that
will bear fo good and even a Polith as
Glafles, and a Way of giving this Polifh
without vitiating the ipherical Figure.
Hitherto 1 have found no Specula that
had near fo good a Polifh as Glafs; and
if M. Newton hath not already found
a Way to make it better than ordinarily,
I apprehend, his Telefcopes will not fo
well diftinguith Objects as thofe with
Glafles. But ’tis worth while to {earch
for a Remedy to this Inconvenience, and
I defpair not of finding one. I believe
that M. NewTon hath not been without
confidering the Advantage which a para-
bolical Speculum would have above a
{pherical one in this Conftruétion ; but
that he defpairs, as well as I do, of work-
ing other Surfaces than fpherical ones
with due Exacinefs ; though elfe it be
more eafy to make a parabolical than el-
liptical or hyperbolical one, by reafon
of a certain Property of the parabolic
Conoid ; which is, that all the Sections

* parallel
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“ parallel to the Axis make the fame Para-
*“ bola.

Thus far M. Huycen1us his judicious
Tetter ; to the lateer Part of which, con-
cerning the grinding parabolical Conoids,
Mr. Newron faith, in his Letter to the
Publither of Feb. 20, 1671. That though he
with him defpairs of performing that Work
by geometrical Rules, yet he doubts not but
that the thing may in fome meafure be ac-
complifhed by mechanical Devices.

To all which I cannot but {ubjoin an
Extrat of a Letter received very lately
(March 19) from the Inventor of this new
Telefcope, from Cambridee ; viz.

“ In my laft Lecter I gave you Occafion
“ to fufpect, that the Inftrument which [
“ fent you is, in fome refpet or other, in-
difpofed, or that the Metals are tarnifh-
“ed; and by your Letter of March 16,
€ Iam fully confirmed in that Opinion: For,
“ whilft T bad it, it reprefented the Moon
“ in fome Parts of it 25 diftinétly as other
“ Telefcopes ufually do which magnify as
“ much as that. Yet I very well know,
“ that that Inftrument hath its Imperfec-
“ tions, both in the Compofition of the
“ Metal, and in its being badly caft; as
you may perceive by a fcabrous Place
* near the middle of the Metal of it on the
¢ polifhed Side, and allo in the Figure of

¢ that
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that Metal near that fcabrous Place. And

“ in all thofe Refpects that Inftrument is

le ﬂF.further Improvement..

~“ You feem to infinuate, that the Pro-
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. poman_nf 38 to 1 holds only for its

magnifying Objects at fmall Diftanees.
But if for fuch Diftances, fuppofe 500
Feet, 1t maguifies at that rate, by the
Rules of Optics it muft for the greateft

, Diﬂnﬁcc imaginable magnify more; than

- 377% to 1 ; which is{o confiderable. a di-

| mmdhiﬁg, that it Dy be even then as

Cw8uta Loaud s

i Here is made aaothcr Inﬂnmeut lrke
_the former, which does very well, - Ye-
ﬁenday I compared it with a fix, Foot
Telelcope, and found it not only to mag-
nify more, but alfo more diftinctly.-And
to day 1 found that I could read in one of

 the _i‘.’.bilvfap.érimi Tranfaciions, placed

in the Sun’s:Light, at an hundred Feet

Diftance ; and that at an hundred and
twenty Fee Diftance I could difeern fome

of the ' Words. W hen I made this ‘L'rial,

Jits Aperture (defined next the Eye) was
_equivalent to more than an Inch and a

third part of the Object-Metal. . ‘Fhis
may: be-of fome Ufe to thofe that fhall
endeavour: any thing in Reflexions ;; for
~hereby they will in fome meafurce he, en=

.rabkd:tﬂ ]ddge of. the:Goodnefs of theinr

(33

Infiruments, ¢¢.
% Mr.
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Mr. Newron's Letter to the Publifber; of
March 26, 1672, containing fome more

Sﬂfgiﬂfﬁﬁj about his new Telelcope 5
and a Table of Apertures and Charges

for the feveral Lﬁﬂgrb: of that Infiru-

ENLS

B e SR

“ Since my laft Letter T have further
compared the two Telefcopes, and find
that of Metal to reprefent as well the
“ Moon as nearer Objeéts, fomething dif-
“ tintter than the other. Butl muﬁ tell
“ you alfo, that I am not very well atlured
¢ of the Goadnefs of that other, which I
s borrnwecl to make the Comparifon ; and
* therefore defire that the other Experiment
“ fhould be rather confided in, of reading
“ at the Diftance of between 100 and 120
"f Feet, at which 1 and others could read
“with it in the Traunfattions, as 1 found
=“ by Meafure: At which time the Aperture
Wa:s 13 of an Inch; which I knew by
*“‘trying; that an Obftacle of that Breadth
was requifite to intercept all the Light
¢ which came frﬂm oné Poirnt of the Ob-
£ et
- “ I fhould tell you alfo, that the little
plane Piece of Metal near the Eye-Glafs
is not truly figured ; whereby it happens,
€ that Objeéis -are not fo di[tmc't at the
LS Middle

ic
<

-
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“ Middle as at the Edges. And I hope,
“ that by correting its Figure (in which
e ey find more Difficulty chan one would ex-
pect) they will appear all over diftinét,
- and diftiné@er in the Middle than at the
“ Edges, And I doubt not but that the
g Performanccs will then be greater.
“ But yet I find, that there is more Light
“ loft by Reflexion of the Metal, which I
“ have hitherto ufed, than by Tranfmiflion
through Glafles: For which Reafon -a
“ fhallower Charge would probably do
“ better for obfcure Objedts; fuppnf& fuch
““ an one as would make it magnify 34 or
* 32 times. - But for bright Objeéts at any
“ Diftance, it feems capable of magnifying
“ 38 or 40 times with fufficient Diftin&-
“ nefs. And for all: Objeéts the fame
““ Charge, 1 believe, may, with Advantage,
“ be allowed, if the fteely Matter, imploy-
- ed at London, be more ftrongly reflec-
‘¢ tive than this which I have ufed,
“ The Performances of one of thefe In-
“ ftruments of any Length being known,
“ it will appear by this following Table
“ what may be expected from thofe of other
“ Lengths by this Way, if Art can accom-
plifh what is promifed by the Theory.
“ In the firft Column is exprefled the Len ﬂth
* of the Telefcope in Feet ; which dnublf:d
Ffa * gives

44
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L

gives the Semidiameter of the Sphere,

“ on’ which the concave Metal iIs to be

§c
4
4
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4
L
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(44

“Eigvotind. <0 s il Droasin
Lengths. | Apertures, | Charges: ' |
JTE o N beroo 23
I 168 T
2 283 Fqpg it
3 383 Juolisiey
4 476 2814
LB 562 & 8- 400
6 645 186 o
3 gob: i sgopl 12
10 946 211
123109084 i gademaiey ©
16 13450 § L ag@ans i
20 | I591L 254 o ’
24} 1824 263

“The Ufe of this Table will beft ap-~
pear by Example: Suppofe therefore a
half Foot Telefcope may diftinétly mag-
nify 3o times with an Inch ‘Aperture,
and it being required to know what
ought to be the analogous Conftitution
and Performance of a four Foot Tele-
fcope ; by the {fecond Column, as 100 to
476, fo are the Apertures, as allo the
Number of times which they magnify.

" And confequently, fince the half Foot

Tube hath an Inch Aperture, and magni-
¢ fieth
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fieth 30 times; a four Foot Tube pro-
portionally fhould have 4% Inches A-
perture, and magnify 143 times,  And
by the third Column, as 100 to 168, fo
are their Charges.  And therefore if the
Diameter of the Convexity of the Eye-
Glafs for a half Foot Telefcope be § of
an Inch, that for a four Foot fhould be
Bets that is, about 3 of an Inch.

“ In like manner, if a half Foot Tele-
fcope may di{hn&ly magnify 36 times
with " 14 of ‘an Inch Aperture, a four
Foot Te!c{'cupc fhould with equal Dif=

tin¢tnefs magnify 171 times with 6 Inches

- Aperture ; and one of fix Foot fhould
“‘magnify 23 2 times with 83 Inches Piper-

ture ; and fo' of other Lenﬂths But
what the Event will really he we muft
wait to fce dctermined by Expenence

Only this I thought fit to infinuate, that
they which intend to- make Trials in
other Lengths, may more readily know

* how to defign their Inftruments, Thus

for a four Foot Tube, fince the Aperture
fhould be five or 6 Inches, there will be
required a Piece of Metal 7 or 8 Inches
broad at leaft; becaufe the Figure will
fcarcely be true to the Edges: And the |
Thicknefs of the Metal'muft be propor-
tional to the Breadth, left it bend in the
grinding.  'The Metals being pnhfhf:d

thCLL
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there may be Trials made with feveral

Eye-Glafies, to find what Charge may

with beft Advantage be made ufe of.

An Extratt of another Letter of the [ame
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to the Publifber, dated March 30, 1672.
by way of Anfwer to [ome Ofgﬁafoﬂ.r
made by an ingenious French Philofopher

to the new Refletling Telefcope.

(14 S IR, . e . "

““ 1 doubt not but M. 4. will allow the
Advantage of Reflexion in the Theory
to be very great, when he fhall have in-
formed himfelf of the different Refrangi-
bility of the {everal Rays of Light. And
for the practic Part, it is in fome mea-
fure manifeft by the Inftruments already
made, to what Degree of Vivacity and
Brightnefs a metalline Subftance may be
polithed.  Nor is it improbable but that
there may be new Ways of Polithing
found out for Metal, which will far ex-
cel thofe that are yet inufe. And when
a Metal is once well polifhed, it will be
a long time preferved from tarnithing,
if Diligence be ufed to keep it dry, and
clofe thut up from Air : For the principal
Caufe of tarnithing feems to be, the con-
denfing of Moifture on its polithed Sur-
facc; which by an acid Spirit, where-
* with
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with the Auwmofphere is impregnated,
corrodes and rufts it ; or at leaft, at its
exhaling, leaves it covered over with a
thin Skin, confifting partly of an earthly
Sediment of that Moifture, and partly of

‘ the Duft, which flying to and fro in the

Air, had fettled and adhered on it.

“ When there is not Occafion to make
frequent Ufe of the Inftrument, there
may be other Ways to preferve the Metal
for a long time; as perhaps by immer-
ging it in Spirit of Wine, or fome other
convenient Liquor. And if they chance
to tarnifhy yet their Polifh may be reco-
vered by rubbing them with a {oft Piece
of Leather, or other tender Subftance,
without the Afiiftance of any fretting
Powders, unlefs they happen to be rufty ;
for then they muft be new polifthed.

I am very fenfible, that Metal reflects
lefs Light than Glats tranfmits ; and for
that Inconvenience I gave you a Remedy
in my laft Letter, by afligning a thallow-
er Charge, in proportion to the Aperture,
than is ufed in other Telefcopes.  But, as
I have found fome metalline Subftances to
be more ftrongly reflective; and to polifh
better, . and be freer from tarnifhing,
than others ; fo I hope there may in time
be found out fome Subftance’ much freer
from thefe Inconveniences than any yet
known, '

After
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After Sir Isaac Newron's Felelcopé
had been fint up to the Royal Society, they
gave Mr. Cox (the Optic-Glafs-Grinder)
Orders to make one after the fame mannct
of Contrivance four Foot long 5 which was
done, one End of the Tube being open,
and at the other End was placed a' concavé
metalline Mirrour ; the Drameter 6f which
was betwixt 4 and 5 Inches ; and it was
oround on a Sphere of 14 Foot Diameter ;
and: about- its Focus, which was about 4
Foot off, was placed a refleéting Plate as
big as a T'wo-pence, -inclined at an Angle
of 45 Degrees to the Axis: Sosthat the re-
fleéted Rays falling thereon were again re-
fleéted upright to the Side of the'Felelcope ;
where the Eye, through a fmall'Hole where-
in is placed a fimall plano-convex Glafs, be-
holds the Obje&t on the reflecting: Plate: as
much 'magnified as it could have been done
by an ordinary Telefcope of 40 Foot iong
or more, and void of ‘Colours.. The Mir-
rour and refleCting Plate were:made to bé
taken out and wiped at pleafure. But the
Society and Cox himfelf were not plealed
with the Metal or Polifh of the reflecting
Plate ; and therefore a Trial was to be made
with the Lapis Ofmandinns, ablack Stone
that comes from Mount Hecla 'in Ifland,
‘and other Materials, ¢5¢c.  (Whether or o
‘thefe Trials fucceeded, I bave not been able

_ TR LN 7
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10 learn ; but I believe they did notr, nor
any other, till Mr. Hap ey made bis
Newtonian Telefcope in 1723.) This Ac-
count I copied from a Paper of Mr. Jou x
Corrins; in which was the Copy of Sir
Isaac Newron's Letter to a Friend about
his Telefcope (Orig. Pap. N°. 2.)

A little after SirIsaac Newrton had
fent his new Telefcope to the Royal So-
- ciety, Mr. OLpeNBURGH, the Secretary,
wrote him a Letter of Thanks; to which
Sir Isaac made Anfwer in 1673, giving a
farther Account of the Inftrument. (Orig.
Pap. N°. 5.)

About this time Dr. J. GrRecory having
an Account of Sir Isaac Newron’s Tele-
fcope, wrote his Thoughts about it to Mr.
Joun Corrins, in a Letter from dberdeen,
dated Aug. 6, 1672 ; in which he gives the
Preference to Sir Isaac’s Telefcope above
that which he defcribed in his Oprica pro-
mota in one refpect, but thinks his own bet-
ter in another. (Orig. Pap.N°. 3.) Atthe
fame time one Monf, Cassecrain publifhed
a Defcription of a Catadioptric T'elefcope,
as his own Invention ; which he pretended
to have been prior to Sir I1saac’s Telefcope,
and which M. Be rck, Publifher of the
French Memoirs for the Year 1672, feems
to prefer toit: But S. SaLvETTI, One of
the Great Duke’s Muficians at Florence,

&g who
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who made one after the manner of Sir
I s ac, thinks it much better contrived than
M. CasseGrawN's, (Phil. Tranf. N°. 87.)
Now M. CassEcrAIN’s is not pretended to
have been contrived before the Beginning
of the Year 1672, and Sir Isaac’s was con-
trived in the Year 1666, and executed in
the Year 1670, or at fartheft finithed in the
Year 1671 : Befides, M. CASSEGRAIN'S
differs in nothing from Dr. GRrEGORY's, but
that he would have the fmall Metal to be con=
vex, which Dr. G Reco rY makes concave ;
and therefore the Inftrument feems only to
be Dr. GreGory's difguifed. The whole
Account of this, and Sir Isaac NewToN's
Thoughts upon it, I here {ubjoin, as copied
from the Philof. Tranfabtions, N°.83.

Mr. Isasc NewTon's Confiderations oz
Part of a Letter of Monfienr de BERcE,
printed su the eighth French Memoire,
concerning the Catadioptrical Telefcope

pretended to be improved and vefined by
M. CASSEGRAIN.

Tuat the Reader may be enabled the
better to judge of the whole, by comparing
together the Contrivances both of Mr.
NewrtoN and M. Cassecraln, it will be
neceflary to borrow from the faid French
Memoire what is there faid concerning
them ; which is as follows.

£ 1fend
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“ 1 fend you (faith M. de Berck 20 the

Publifber of the Memoire) the Copy of the
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Letter which M. Cassecra1n hath
written to me, concerning the Propor-
tions of Sir SAMvuer MoreLanD’s Trum-
pet. And as for the Telefcope of Mr.
NewToN, it hath as much {urprized me
as the fame Perfon that hath found out
the Proportions of the Trumpet: For it
is now about three Months that that Per-
fon communicated to me the Figure of a
Telefcope, which was almoft like it, and
which he had invented ; but which 1
look upon as more witty.” 1 fhall here
give you the Delcription of it in fhort.
ABCD (PlatelV. Fig.s.) is a ftrong
Tube, in the Bottom of which there is a
great concave Speculum C D, pierced in
the Middle E.

“ Fisa convex Speculum, {o difpofed,
as to its Convexity, that it refleéts the
Species which it receives from the great
Speculum towards the Hole E, where is
an Eye-Glals which one looketh through.
“ The Advantages which I find in this
Inftrument above that of Mr. NewTox,
are, 1. That the Mouth or Aperture AB
of the Tube may be of what Bignefs you
pleafe ; and confequently, you may have

* More ingendous, is the Senfe of the French.
«

Gg:2 many
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“ many more Rays upon the concave Specu-
¢ Jum, than upon that of which you have
« given us the Defcription. 2. T'he Re-
 flexion of the Rays will be very natural ;
¢ fince it will be made .upen the Axis it
“ felf, and therefore more vivid. 3. The
“ Vilion of it will be fo much the more
“ pleafing ; in that you ihall pot be incom-
“ moded by the great Light, by reafon of
“ the Bottom CD), which hideth the whole
“ Face. Befides that you'll have lefs Dif-
“ ficulty in difcovering the Objeéts, than
““ in that of Mr. NEwTON.

So far this Freuch Author. To which
we fhall now {ubjoin the Coniiderations of
Mr. NeEwToN, as we received them from
him in a Ietter written from Cambridge;
May 4, 1672. as follows. |

SIR,

“ 1 fhould be very glad to meet with any
¢ Improvement of the Catadioptrical Tele-
¢ fcope; but that Defign of it, which (as
“ you inform me) Mr. CassecrAIN hath
“ communicated three Months fince, and
““ is now printed in one of the French Me-
“ moirs, 1 fear will not anfwer Expetta-
“ tion: For, when I firft applied myfelf
“ to try the Effeéts of Reflexion, Mr,
“ GreEGORY'S Optica promota (printed

cm
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in the Year 1663) being fallen in my

“ Hands, where there is an Inftrument
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(defcribed Page 94) like that of Monf,
Cassecrain’s, with a Hole in the midit
of the Objeét-Metal to tran{mit the Light
to an Eye-Glafs placed behind it ; I bad
thence an Occalion of confidering that
Sort of Conftruétions, and found their
Difadvantages {o great, that I faw it ne-
ceflary, before 1 attempted any thing ia
the Practice, to alter the Defign of them,
and place the Eye-Glafs at the Side of
the T'ube, rather than at the Middle.

“ The Difadvantages of it you will un-
derftand by thefe Particulars: 1. There
will be more Light loft in the Metal by
Reflexion from the little convex Specau-
lum, than from the oval Plane: For it
is an obvious Obfervation, that Light is
mo{t copioufly refleéted from any Sub-
ftance when incident moft obliquely.
2. 'The convex Speculum will not reflect
the Rays {o truly as the oval Plane, un-
lefs it be of an hyperbolic Figure ; which
is incomparably more difficult to form
than a plane; and if truly formed, yet
would only reflect thofe Rays truly which
refpet the dxis. 3. The Errors of the
faid Convex will be much augmented by
the too great Diftance through which the
Rays reflected from it muft pafs, before

¢ their



5318 AP PEN'DIX

c
cC
(49
44
£C
s
[ 44
44
<C
[ 44
€C

their Arrival at the Eye-Glafs. For
which Reafon I find it convenient to
make the Tube no wider than is necefla-
ry, that the Eye-Glafs be placed as near
to the oval Plane as is poffible, without
obftru¢ting any ufeful Light in its Paflage
to the Objet-Metal. 4. The Errors of
the Object-Metal will be more augment-
ed by Reflexion from the Convex than
from the Plane, becaufe of the Inclination
or Deflexion of the Convex on all Sides

< from the Points on which every Ray

4
141

ought tobe incident. 5. For thefe Rea-
fons there is requifite an extraordinary

“ Exaétnefs in the Figure of the little Con-
“ vex; whereeasI find by Experience, that
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it is much more difficult to communicate
an exac& Figure to fuch fmall Pieces of
Metal, than ta thofe that are greater.
6. Becaufe the Errors at the Perimeter
of the concave Obje&-Metal, caufed by
the Sphericalnefs of its Figure, are much
augmented by the Convex, it will not
with Diftinétnefs bear fo large an Aper-
ture as in the other Conftructions. 7. By
reafon that the little Convex conduces
very much to the magnifying Virtue of
the Inftrument, which the oval Planc
doth not, it will magnify much more in
proportion to the Sphere on which the

¢ great Concave js’ ground, than in the

 other
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other Defign ; and fo magnifying Objects
much more than it ought to do in pro-
portion to its Aperture, it muft reprefent
them very obfcure and dark ; and not on-
ly fo, but alfo confufed, by reafon of its
being overcharged. Nor is there any
convenient Remedy for this: For if the
litcle Convex be made of a larger Sphere,
that will caufe a greater Inconvenience,
by intercepting too many of the beft
Rays; or, if the Charge of the Eye-
Glafs be made fo much fhallower, as is
neceflary, the Angle of Vifion will there-
by become fo little, that it will be very
difficult and troublefome to find an Ob-
jeét; and of that Objelt, when found,
there will be but a very fmall Part {feen
at once.

“ By this you may perceive, that the
three Advantages which Mon{. CAss -
G R A1N propounds to himfelf, are rather
Difadvantages : For, according to his
Defign, the Aperture of the Inftrument
will be but fmall, the Objet dark and
confufed, and alfo difficult to be found.
Nor do I fee why the Reflexion is more
upon the fame Ax/s, and {fo more natural
in the one Cafe than in the other ; fince
the 4xis itfelf is refleCted towards the
Eye by the oval Plane ; and the Eye
may be defended from external Light as

(49

¢ well



240  APIPIE/N DIIIX

“ well at the Side as at the Bottom of the
“ Tube.

“ You fee therefore that the Advantages
“ of this Defign are none, but the Difad-
 vantages {o great and unavoidable, that
I fear it will never be put in Praétice with
“ good Effect. And when I confider, that
“ by reafon of its Refemblance with other
“ Telefcopes, it is fcmething more obvious
“ than the other Conftru&ion, I am apt
““ to believe that thofe who have attempted
“ any thing in Catoptrics, have ever tried
“ it in the firft place; and that their bad
“ Succefs in that Attempt hath been the
“ Caufe why nothing hath been done in
¢ Reflexions: For Mr. GRrecoRyY {peaking
“ of thefe Inftruments in the aforefaid Book,
“ Page 95. faith, De Mecbanica borum
“ Spfcﬂiﬂrﬂm & Lentinm ab alits frufira
““ temtatd, ego in Mechanicis minus verfa-
 tus nibil digo. So that thete have been
“ Trials made of thefe Telefcopes, but yet,
“ in vain, And I am informed that about
« feven or eight Years fince, Mr. GREGORY
“ himfelf, at London, caufed one of fix
“ Foot to be made by Mr. Reive ; which I

€ take to have been according to the afore-
“ faid Defign defcribed in his Book, be-

 canfe though made by a skilful Artiﬂ yet
“ it was without Succefs.-

€ 1 could
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“ I could with therefore Mr. Cassecramn
‘“ had tried his Defign before he divulged
“ it: But if, for further Satisfation, he
“ pleafe hereafter to try it, I believe the
“ Succefs will inform hfm, that fuch Pro-
“ jects are of lictle Moment till they be put
““ in Prattice.

After this Dr. Grecory, in a Letter to
Mr. Corrins from St. dndiews, Sept. 23.
1672 (N©. 4.) replies to Sir Isaac’s Ani-
madverfions upon M. CassecrAIN’s Tele-
fcope, looking upon it as his own dilguifed ;
and propofes to ufe a plane Speculum inftead
of his concave or CAssEGRAIN'S convex, tO
remedy fome Inconveniences found by Sir
Isaac, and make his Telefcope ftill thorter
than Sir [sa ac’s.  He thinks the oblique
Reflexion from the lictle Plate in Sir Isaac’s
much worfe than' his own dire¢t Reflexion
from his {mall Speculum ; but thinks a little
Concave or Convex worth trying, becaufe
different Charges may be then given to the
Telefcope with the fame Eye-Glafs ; which
he thinks impraéticabie in Sir Isaac’s. Sir
Isaac’s Anfwer to thefe Objetions was {ent
to Mr. Corrins, which he communicated
to Mr. Grecory (but I could not meer with
that Letter of Sir Isaac’s) who feems there-
by convinced, that an oblique Reflexion is
preferable to a direct one ; but does not-con-

Hh ceive
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ceive how Sir IsA a ¢ can alter the Charge
of his Telefcope without changing the Eye-
Glafs. |

(N. B. Dr.Grecory's Letter which
contains this Reply is printed at the End
of the Appendix, No. 6. But I don’t take
notice bere of the Arguments pro and con
concerning the Tubercula, or little Emi-
nences in the veflecting [mall Metal being
[ftruck direttly or obliquely by the Rays of
Light ; becaufe in fatt they are not flruck
at all by the Rays of Light, which are
vefletied without Contati or Impulfion
againft the Tubercula, or any Part of the
polifked Metal; as Sir Isaac found oup *
afterwards, though be did not know it
then.) |

Sir Isaac in his next Letter (the laft we
publifh here of his; Ne. ) givgs an Ac-
count of his Manner of varying the Charge
in his Telefcope, by making ufe of a Glafs
Prifm with two convex Surfaces and a flat
one, inftead of his fmall plane Mirrour. He
alfo fhews how the Aperture of the Eye-
Glafs ought to be limited in Dr. GREGORY'S
Telefcope ; and for his own Telefcope he
lays all the Strefs of Magnifying upon
the Eye-Glafs. The reft of the Letter is
concerning a Refleting Microfcope men-
tioned by him in the Tranfatlions, and a
reflecting Glafs Mirrour for burning, pro-

pofed
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pofed by Dr. G rREc oRry in one of his I.et-
ters (N“ 6.) which Mirrours are now very
commonly made.

Dr. GrEcory inhis laft Letter to Mr.
Courvrins on this Subjeét, from St. Andrews,
May 13, 1673. (N” 8.) commends Sir
Isaac NewToN's Way of varying the
Charge of his Telefcope; but thinks it
liablc to fome Errors, owing to the Refrac-
tion of the Rays at their Entrance into and
Emerfion out of the convex Surfaces of the
little Prifm. He thinks it not worth while
to look on terreftrial Bodies with excel-
lent Telefcopes, becaufe they magnify the
Particles of the Atmolphere as well as the
Object. Then he propofes a Plate of Meta
with a fmall Hole in it to be placed in the
Focus of his Eye-Glafs next to the Eye, to
intercept all the fpurious Rays (withous
which; as it bas appeared fince in Prac-
tice, his I elefcope would be of na Ufe) and

ncludes with aflerting, that if it appears
by Trials that common Microfcopes (that is
Microfcopes with two or three Glafles) can
be brought to exceed all Improvements of a
fingle Leus, then it will follow from thence
that his Telefcope may be brought to ex-
ceed Sirlsaac NewToN's.

There have been no Attempts made fince
that time (oiz. fince the Year 1673.) to

h2 make
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make either of thefe Sorts of Telefcopes,*
at leaft no fuccesful ones that have been made
publick, till in the Year 1723, thatisat the
Diftance of fifty Years, Mr. HapLey made
the refleting Telefcope defcribed in the
Philofophical Tranfatiions, N°. 375. to
which 1 refer the Reader: But I think it
not improper to copy from another % ranf-
attion (N°. 378.) the Cbfervations made
by the late Reverend Mr. Pounp, and his
Nephew the Reverend Mr. BrRaDpLEY, at
Wanftead, in the Year 1723. asalfo others
made by Mr. HADp ey himfelf with chis
Telefcope, before I give an Account alfo of
the Gregorian Telefcope, now likewile
made and brought to Perfetion by the faid
Mr. HApLEY, together with a Table of his
Calculations concerning this Telefcope, com-
municated to me lately. |

Phil. Tranf. N°. 378. Pag. 382.

A Letter from the Rev. Mr. James Pounp,
Retfor of Wanftead, F. R. 8. to Dr.
Juriwn, Secr. R. S. concerning Obferva-
tions made with Mr. HaprLey's Refleét-
ing Telefcope.

* Three or four French Authors have indeed mentioned
the Ufe of concave metalline Mirrours, inftead of one of the
Eye-Glaffes of a Dioptrical Telefcope s but the Thing was
rever put in Praétice. '

il
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“ It were to be withed, that, with the
particular Defcription given in a late
Tranfattion (N°. 376.) of the curious
Mechaniim of that Catadioptric Tele-
{cope which was made by Mr. HApLEY,
and by him prefented to the Royal So-
ciety, that moft ingenious Gentleman
would have communicated alfo a full Ac-
count of what Obfervations he had made
with it ; whereby the Publick might at
length have been apprized of the Ufeful-
nels of an Invention (worthy of its great
Author Sir Isaac NewTon) which,
perhaps from the vain Attempts made by
fome of purting it in Pratice, hath lain
neglected thefe fifty Years : For it is fo
long fince it was firft publithed in the
P bilofophical Tranfatlions, N°.81.

“ Mr, Haorey hath fufficiently convin-
ced us, that this noble Invention doth not
confift in bare Theory; and it is to be
hoped, that he, or fome other fuch cu-
rious and worthy Perfons (who fcruple
not at a little Pains and Coft) will in a
fhort time find out a Method, either of
prelerving the concave Metal from tar-
nithing, or of clearing it ealily when tar-
nithed, or elfe of making a good concave
Speculum of Glafs quickfilvered on the
back part. When a Method for cither

* of thefe fhall be difcovered, ’tis not to be

“ doubted,
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doubted, but that the old Dioptric Te-
lefcope will be for the moft part laid by,
and this Catoptric one will be chiefly in
ufc among the praétical Aftronomers; in-
afmuch as feveral Inconveniences and
Difficulties, which are unavoidable in
the Management of the former, efpecial-
ly when long, are in this latter wholly
avoided. |

“ It is no {mall Convenience, that, by
means of one of thefe Reflecting Tele-
fcopes, whofe Length exceeds not five
Feet (and which may be managed at a
Window within the Houfe) celeftial Ob-
jects appear as much magnified, and as
diftinét, as they do through the common
Telefcope of more than a hundred Feet
in Length.

 Mr., BraprEY, the Savilian Profeflor
of Aftronomy, and myfelf, have compared
Mr. Haprey's Telefcope (in which the
focal Length of the Object-Metal is not
quite 5 Fect and 3) with the Huygenian
Telefcope, the focal Length of whofe
Objet-Glafs is 123 Feet: And we find,
that the former will bear fuch a Charge,
as to make it magnify the Object as many
times as the lacter with its due Charge;
and that it reprefents Objects as diftinét,
tho’ not altogether fo clear and bright ;

“ which may be occafioned partly from the

€ Diffe-
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Difference of their Apertures (that of the
Huygenian being fomewhat the larger)
and partly from feveral little Spots in the
concave Surface of the Objeét-Metal,
which did not admit of a good Poltth.

“ Notwithftanding this Difference in the
Brightnefs of the Objects, ‘we were able;
with this Reflecting Telefcope, to fee
whatever we have hitherto difcovered
by the Huygenian ; particularly the'T'ran-
fits of Fupiter's Satellites, and their
Shades, over the Disk of Zupiter ; the
black Lift in Safars’s Ring, and the
Edge of the Shade of Saturn caft on his
Ring, as reprefented by Fig. 4. Plate
II. of the forementioned Tranfattion,
N°. 376.

““ We have alfo feen with it feveral
times the five Satellites of Saturn; in
viewing of which this Telelcope had the
Advantage of the Huygenian, at that
time when we compared them: For it be-
ing in Summer, and the Huygenian Te-
lefcope being managed without a Tube,
the Twilight prevented us from feeing in
this fome of thofe fmall Objetts, which
at the fame time we could difeern with
the reflecting Telefcope.

“ I am, &c.
% Ja. PouNb.

Obferva-
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Obfervations on the Satellites of Jupiter

.“
(4
(19
(44

€c
(44
£€c
ct
¢
(<

(€

(44
ic
cc
44
(14

2
Lo
cc
«

and Sawurn, made with the [ame Tele-
fcope. By Joun Hapvrey, Efg; F.R. S.

Extratted from the Minutes of the
Royal Society, April 6. 1721.

“ Mr. HApLE v gave the Soczery a Re-
lation of fome of the moft remarkable
Obfervations, which he had made with
his Reflecting Telefcope, before he pre-
fented it to the Sociery.

“ In obferving Fupiter’s Satellites, he
has feen diftinctly the Shadows of the
firt and third Satellites caft upon the
Body of the Planet: Mr. ForkEes and
Dr. Jurix, being prefent, affirmed, that
Mr. Ha oLk v had likewife thewn them
the Shadow of the third Satellite through
the fame Telefcope.

“ In obferving Saturn the laft Spring,
at a Time when that Planet was about 15
Days paft the Oppofition, he faw the
Shade of the Planet caft upon the Ring,
and plainly difcerned the Ring to be dif-
tinguithed into two Parts, by a dark
Line, concentric to the Circumference of
the Ring: The outer or upper Part of
the Ring feemed to be narrower than the
lower or inner Part, next the Body; and
the dark Line, which feparated them,

“ was
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was ftronger next the Body, and fainter
on the outer Part towards the upper
Edge of the Ring. Within the Ring he
difcerned two Belts; one of which crotled
Saturn clofe to its inner Edge, and feem-
ed like the Shade of the Ring upon the
Body of Saturn: But when he confider-
ed the Situation of the Sun, in refpect to
the Ring and Satwurn, he found that Belt
could not arife from fuch a Caufe.

“ He fays, that at T'imes he has feen with
this Telefcope three different Satellites
of Saturn ; but could never have the
Fortune to fee all five.

“ Aug. 1723, Mr. HapLEY adds, that
he has feveral times feen the Shadow of
the firft, fecond, and third Satellites of
Fupiter pafs over the Body of that Pla-
net; and that he has feen the firft and
{econd appear, as a bright Spot upon the
Body of Fupiter, and has been able to
keep Sight of them there for about a
Quarter of an Hour, from the Time of
their entering on his Limb.

“ Fupiter's Satellites have of late Years
been fo fituated, with regard to the
Earth and Fupizer, that he has not had
fufhcient Opportunity of obferving the
Tranfit of the fourth Satellite, or of its
Shadow.

11 *:'The
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“ The dark Line on the Ring of Sarurn,
parallel to its Circumference, is chiefly
vifible on the Aufez, or Extremities of the
elliptic Figure, in which the Ring ap-
pears ; but he has feveral times been able
to trace it very near, if not quite round ;
particularly in May 1722. he could dil-
cern it without the Northern Limb of
Saturny in that Part of the Ring that
appeared beyond the Globe of the Planet.
The Globe of Saturn (at lealt towards
its Limb) refleéts lefs Light than the in-
ner Part of the Ring; and he has fome-
times diftinguithed it from the Ring by
the Difference of Colour.

“ The dusky Line, which in 1720 he
obferved to accompany the inner Edge of
the Ring crof$ the Disk, continues clofe
to the fame, though the Breadth of the

Ellipfe is confiderably increafed fince
that time.

An Account of the Gregorian Refleiting

Telefcope, as perfe&ed, by Joun Haprey,
Efq; Vice-Prefident of the Royal So-
ciety, in the Year 1726.

At the Bottom of the large Tube (ex-

prefled by a firong black Line) is fixed the
- concave metalline Speculum B B, perforated

~with the Hole CC; oppofite to which

Hole
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Hole is placed a fmall Specu/um of the fame
Metal F F cconcave towards the great Me-
tal, and fo fixed to a crooked Arm, that it
may be brought towards or carried from-
wards the great Specu/um, keeping its
Axis ftill in the fame Line (2iz. in the
common Axis of both §pecula) and by that
means parallel Rays, or Rays from the
Points of a very diftant Object, coming to
the great Speculum in the Lines O O, P P,
Gre. and falling upon the great Spfﬁﬂfﬂm
between B and C will be fo united at its
Focus, as to form there the Image G G of
the Objeét O P fuppofed at a vaft Diftance.
The Rays diverging again from their re-
fpective Points of the Image, go on diver-
ging, and fall upon the little Concave F F,
Whuﬁ: focal Length is D I, and from its Sur-
face are refleied nearly parallel to their re-
{fpective 4xes (not wholly fo, becaufe D G
is greater than D I) and with all the Axes
or principal Rays move parallel to the com-
mon Axis through the Hole in the great
Speculum, in the Direétion D A, fo enter-
ing into the fmall Tuebe N M M N, which
is fixed to the great Tube behind the Spe-
culum, fall upon the convex Side of the
plano-convex ocular Lexs N N, and pafling
through it, form a fecond Image at gg,
whofe Bignefs is limited by the Hole of the
perforated opake Circle or Diaphragm
Iia placed
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placed at RR. That fecond or erect Image
of the firft inverted Imnage of an ere¢t Objeét
is feen large, clear, and diftin¢t by the Eye
at E, which fees it through the fmall Hole
in- the Plate M M, and the lalt Eye-Glafs
SS, which is a Meuifcus: For the Eye
will fee it under the Angle S E S made by
the Axes of thofe Pencils of Rays which
came from the Extremities of the vifible Ob-
je¢t; and the Rays belonging to each Pencil
will be parallel to their refpective Axes.
Befides, the fpurious Rays will be all cut
off by the Plate M M ; which makes the
Vifion very diftinét.,  'This Telefcope is not
only good for common Eyes, but the Rays
that enter the Eye will be made to converge
a little for the Presbyte, or to dwcrﬂe a
little for the Myspes, by means ot a Skrew
fixed to the Arm of the little (_oncave, to
remove or to bring it forward upon Occa-
fion. [ N. B. The Reafon wby Mr.

Hap LEY afes a double Eye-Glafs rffﬂfaai
of a fingle one propofed by Dr. GREG ORY,

isy to prevent the objett being coloured at
the Edges of the Aperture.] 'The feventh
Figure is drawn in -the quarter Proportion
of an Inftrument of 12 Inches focal Iength,

BB is the larger concave Spectlum, its
focal Length A G,

FF
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F F is the {maller concave Specudum, its
focal Length I D,

The Breadth F F is about 2 of an Inch
wider than the Hole CC in the larger Spe-
culum.

N the firft Eye-Glafs is plano-convex.

S the fecond Eye-Glals plano-convex
likewife, or rather a Menifcus.

M a Plate with a fmall Hole in it to ex-
clude all foreign Light, with an Hole in
it = of an Inch.

RR the limiting Circle or Diaphragm.

The Arrows are the feveral fucceffive
Images of any Objet.

T AB LE:: L
If AGbe—j3Inches—12Inches—18Inches—2 7Inches

And the That is, the
Charge is g: 26 — 49 — 55§Puw-:r. of
I230r13 Magnifying.

B B=0. 1= 8, n iy ¥=3:17

I P=e. b= 133 =7323= 41z

F P—o0.315=— 0.56="0. 7= 0.88

C C=0.295—= 0.54=— 0.68—= 0.86
Focal T ) = K
Lengthnf} —I. 49— 327= 3.97= 4.9¢

Focal .

Lengthgf} S—o. T ola -2 == Sles I-ES
AD=3. 96=14.66—=21.69—31. 9
AN=0. §= 0. 1= 0.75= 0, 8
NS8=t. §= 2. 6="3.08=13.7
S M=ov. 45— ¢.76= 088= 1. 0
RR=0. 2= 0.37= 044= 0.53
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N. B. Thefe Calculations are for the
Day, where Objects are to be magnified but
little in proportion to what the Heavenly
Bodies may be at Night ; for which the
following Table gives the Proportions.

T A" L'E IR

If AG be — 12 Inches:— 18 Inches = 24 Inches ;
And the Charge 70 —= 95 =— 128

B Bmuftbe = 2. —— O SPRL I8 LU BAE
I D EECIOL - X g0 iR
FF P o TN T | B I (P ]
CC = 0,8 .0 d] =5 O .8
Focusof N == it g ) BRIV N
Focusof S = oo By —=aganteee RGOk
AD =t 133l05- 82444 — 30.56
AN e T S el o R
NS <oz a7 SR B O UMY Sl T -
S M A T . o D e
RR T D85 == Q205 Bkl

The Breadth in the Hole of the Plate M
muft be ;4 of an Inch.

N. B. The varying the Length of AN,
that is the Diftance of the firit Eye-Glafs
behind the fore Surface of the Speculum B B,
alters the other Proportions but little; {fo
that if the Thicknefs of the Speculum, or
other Circumftances require it, there is
no need to keep exatly to the Numbers
here fet down for it.

Thefe
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Thefe Telefcopes are much more conve-
nient for Day-Objects, and more eafily ma-
naged by Perfons who are not ufed to Tele-
{copes in general; than the Newtonian Te-
lefcope : But again, they are not (o conve-
nient for Celeftial Objects, efpecially fuch as
arc at at a confiderahle Altitude in the Hea-
vens ; for Celeftial P henomena may be view-
ed quite up to the Zenith with the fame
Conveniency as at the Horizon, with Sir
Isaac’s Telefcope; which cannot be done
with the Gregorian. Befides, in looking at
Celeftial Objeéts, we may fee them only with
an Eye-Glafs, and by means of one fingle
Image, in ufing the Newtonian Telefcope ;
whereas the Gregorian has always two
Images.

In thort, when once Micrometers can be
ufefully applied to thefe two Sorts of Re-
flecting Telefcopes (which Artilts are now
endeavouring to do) the long Dioptrical
Telefcopes will be quite out of ufe;, and
Aftronomical Obfervations will be made as
certainly, much cheaper, and with more
Expedition.

N. B. The two foregoing Tables of Cal-
culation, concerning the Gregorian 1ele-
fcope, being only fent me, by Mr. HapLey,
for my private Affiftance in making that In-
ftrument ; upon my asking Leave to publifh
it, he anfwered, That as he did not defign

to
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to make it public, he had not been correét,
farther than the fecond or third Place of the
“Decimals ; and therefore could not give it
out for perfe&t. But as it is fufficient for
Praétice, I thought proper to give it here.
And, at the Clofe of this Appendix, 1 have
added Mr. H a pvE v's Letter to me with his
new Calculations for the R eflelting Telefcope.
I thould do Injuftice to Mr. HapvrEy, if

I ended this Appendix without taking no-
tice of his admirable new Invention of a Re-
Sfetting Quadrant, for taking Altitudes and
Angular Diftances more accurately than ever

yet was done; and with fo much Eafe, that
the Shake of a Ship does not influence the
Correénefs of the Obfervation, it being
only required to find the Objeét. This is
an Advantage which no Quadrant cver yet
had. I do not here give the Defcription

of it, becaufe it is fully done in the Philp-

fophical Tranfattions (N°. g420.) and the
Quadrant may be had at Mr. B. S1ssoN’s,

the Corner of Beaufort-Buildings in the

Strand ; where a Book is given with the

Quadrant, which fhews its Ufe in the

plaineft manner. As foon as the common

Prejudice againft new Things is worn off,

and the Inftrument is well known, I do not

believe any Ship will go a long Voyage

without one of thefe excellent Quadrants.

ORIGI-
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Referred to in the foregoing

APPENDIX

Nuwms. L
Ex J.GREGoRr11 Optica promota, P.93.

—— Tertius autem genus aureum nulla babet
incommoda, €3 ommes prioruin generumn pro=
prietates babere poteft, &c.

3 HE third Sort, which from its
Fﬁ] %l Value we may very well call a
AN} ‘ | golden one, has no Inconvenien-
.'” '“-i-'- | ces, and may have all the Pro-
- pertifs of the other Sorts ; pro-
vided the Lens's and Specula be rlghtly
difpofed ; that is, if the laft Image and the
laft but one be produced by Spemfﬂ, and the
reft by Lens’s. We thall thereforc here,
for Ehamplc defcribe a Telefcope of this
moft perfect Kind. Let ADCE (PL1V.
Fig. 1.) be a parabolical concave Speculum
Kk moft
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wooft exquifitely polifhed ; iz whofe Focus *
C is placed a fmall elliptic concave Specu-
{um, having a common Focus and common
Axis with the concave parabolic Speculum,
and let it be fixed in that Situation. Now
the faid Focus of that elliptic Specubum
muft be very near to its Fertex, and the
other Foecms of it muft be very far from the
fame at F, in the common Jxis produced
beyond the parabolic Speca/ntn ;* and thro'
the Pertex of the parabolic Speculum muft
be made a round Hole M N, in which Hole
muft be placed a Tube having the fame Axis
with the Specu/a,” and big enough to re-
ceive the Rays of a Vifible reflected from
the elliptic concave Specalum ; and let it
be continued to L very near to F; and at
L let a Lens of Cryltal, convex towards
the Specula, with the Convexity of a Co-
noid, and the Denfity of the Cryftalline (of
the Eye) be fixed, whofe exterior Focus
muft be at ¥, and which muft be plane to-
wards the Eye, and likewife have the {fame
common Axzs as the Specula and the Tube.
This will be the Way to make an excellent
Telefcope for Presbyta : For diftant Objetts
feen through the Tube will appear very
diftinétly, magnified very near in the Ratio
of the Diftances of the Pertices from the

* The Author means, Near avhofe Focus.
common
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common Foci ; and enlightened in the fame
manner as a vifible would be, when {een
under fuch an Angle; provided the Diame-
ter of what produces the laft Image be big
enough to fuffer the Uzea of the Eye to be
filled with the Rays: And how that may
be done, we have taught in the Scholium of
the sift of this Book, .

S TIEY e N

Copy of a Letter written by Mr. Niwton
to a Friend of bis (taken from Mr. Co/-
Jins's T'ranfcript.)

Trin. Coll. Cambridge,
Feb. 23, 1664,

Promifed in a Letter to Mr, Eut to give
you an Account of my Succefs in a
{fmall Attempt I had then in hand ; and it
is this: Being perfuaded of a certain Way
whereby the praétical Part of Optics might
be promoted, I thought it beft to proceed
by degrees, and make a fmall Profpeétive
firft, to try whether my Conjeéture would
hold good or not. The Inftrument that 1
made is but fix Inches in Length; it bears
fomething more than an Inch Aperture, and
a plano-convex Eye-Glafs, whofe Depth is
* or 7 Part of an Inch: So that it magnifies
Kk2 about
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“about go times in Diameter ; which is more
‘than any f{ix Foot Tube can do, I believe,
with Diftinétnefs. But by reafon of bad
Materials, and for want of good Polith, it
reprefents not Things fo diftiné as a fix Foot
Tube will do; yet I think it will difcover
as much as any three or four Foot Tube,
efpecially if the Objeéts be luminous. I
have feen with it Fapiter diftinétly round
and his Satellites, and Zenus horned. Thus,
Sir, I have given you a fhort Account of
this finall Inftrument ; which though in it-
felf contemptible, may yet be locked upon
as an Epitome of what may be done ac-
cording to this Way : For I doubt not but
in time a {ix Foot Tube may be made after
this Method, which will perform as much
as any 60 or 1oo Foot Tube made after the
common Way ; whereas I am perfuadeéd,
that, were a T'ube made after the common
Way, of the pureft Glafs exquifitely polifh~
ed with the beft Figure that any Geometri-
cian (Des-Cartes, &c.) hath or can defign;
(which I believe is all that Men have hither-
to attempted or wifhed for) yet {uch a Tube
would fcarce perform as much more as an
ordinary good Tube of the {ame Length.
And this however it may {eem a paradoxi-
cal Aflertion, yet it is the neceflary Confe-
quence of fome Experiments which I have
made concerning the Nature of Light, ¢c.

Nvu M B,
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N vuvwMms, IL
Copy of Part of a Letter to Mr. Jonx

CoLt INs.

HAberdeen, 6 Auguft, 1672,

~—~—— ¥ T is like indeed that Mr. NewTon
his Telelcope may have an Ad-
vantage above that which I mention’d in my
Optica promota, becaule the Eye-Glafle is
fo near the plane Mirroir; yet the Obliqui-
tic of the Mirroir hindereth fomeqt : Ne-
verthelefs my Telefcope hath one- Advan-
tage alfo verie confiderable ; for the fame
concave Mirroir togither with the fame
plane-convex Eye-Glaile may give the fame
Object-Mirroir any defired Charge, .

Your bumble and
obliged Servant,

J. GrEGORIE

Nuwms IV.

St. Andrews, 26 Sept. 1671,
SIR,

j i Ours of the third of Auguf? 1 received
. a confiderable time ago, €5c. — 1 have

caltan Eye on Mr Cassecra1nN his Tele-
(cope,



362 LETTERS between Dr. GREGORY

fcope, which feemeth to be the fame with
that in my Optica promota, Page 94. onlie
he hath a convex Speculum F (Plare 1V.
Fig. 5.) in place of my concave; which is
no great Alteration. I think myfelf therfor
obliged to anfwer to thele Difadvantages
Mr. Newron finds in it. I mak therfor F
an plane Speculum, and then almoft the
whol Difadvantages evanithe, except onlie
the third ; and for that, ther is an Advan-
tage as confiderable, if not more; zZz. that
the Diftance EF groweth almoft the one
halfe lefle ; and therfor the Errors of the
concave CD ar alfo diminifhed vpon the
plane F by one halfe. Ther is yet another
Advantage of this Telefcope, that it will
be little more then halfe the Lenth of Mr.
NswTox’s, and doe the fame Effelt. Ne-
verthelefs of thefe Difadvantages which Mr.
NEewToN mentioned, even with a concave
or convex Speculum, this Telefcope ma

be worth the trying ; feing the Eye-—Glaﬂg
and Speculum F being moveable, the Spe-
culum CD can have by their Help anie
defirable Charge; which I think a great
Advantage. 'What I ether did or faid need-
eth not difcourage anie ; for I {peak ther
onlie of the hyperbolick and elliptick Glafles
and Speculum, which wer attémpted in
vaine, as it is clear from the Senfe of the

Word. As for my Experiment with Mr.
| AR T
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Rices, he could not polith the large Con-
cave upon the T'ool: And I (not knowing
anie Advantage of the'Catoptrick Telelcope
above the Dioptrick, {ave onlie the Short-
nes and Similitude betwixt the Circle and
Parabola, which is greater than that betwixt
the Circle and Hyperbola) imagined that this
sreat Defectin the Figure wold eafilie coun-
terbalance thefe two pettic Advantages. Upon
this Account, and being about to go abroad,
I thought it not worth the Pains to truble
my felf anie further with it; {o that the
Tube was never made: Yet I made feme
Tryals both with a litle concave and convex
Speculum ; which wer but rude, feing I
had but tranfient Views of the Object ; be-
ing {o potlefled with the Fancie of the de-
fective Figure, that I wold not be at the
Pains to fix everie thing in its due Diftance.
Ther is no fuch Exaltnes required in the
Speculum F as in the Speculum CD; but
indeed more than in the Eye-Glafle. 1 fu-
pofe ther is no Queftion that direct Rayes
have the Advantage of oblique; feing a
Ball thrown direétiie on a rough Wall hath
a more regular Refletion then when it is
thrown obliquelie. However this is not
derogat from Mr. N ewTon, whofe Difco-
veries hath made the Catoprrick Telefcopes

preferable to the Dioptrick, ¢e.
This Telefeope with the plane Speculum
will indeed lofe maire of the beft Raies ; blEt
thele
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thefe neverthelefs ar always lefs then § of
the whol, the Eye-Glafle being advanta-
giouflie fituat ; which Defec fome perchance
may think recompenfed by the Shortnes of
the Telefcope.

I fuppofe ther is no great Hazard of over-
charging the Telelcope by the concave or
convex Speculum ; for the Charge can be
changed at Pleafur : Nether is it probable
to me that the Errors of the Object-Specu-
lum ar made more fenfible (the magnifica-
tion being alwaies the fame) by a concave
or convex Speculum and an Eye-Glafle,
then by an plane Speculum and an Eye-
Glafle, fave onlie upon the Account of
greater Diftances; which I think the onlie
Defe& of this Telefcope.

Lour bumble Seroant,

J- GREGORIE

e

NUMB- V-t

Cambridge, Fan 6, 1675.

SIR,
T the reading of your Letter I was
{urprifed to fee fo much Care taken
about fecuring an Invention to me of which
I have hithemo had fo little Value. And
there-




and Mr. NEwTON. 265

therefore fince the Royal Society is pleafed
to think it worth the patronizing, I muft
acknowledg it deferves much more 'of them
for that; than of me, who, had not the
communication of it been defi red, might
have let it ftill remained in privarc, as it
hath already done fome Y eares.

— The Defcription of the Inftrument you
fent me is very well, only the radius of the
concave metal, which you put 14 Inches,
is more juftly 12 ; or 13 Inches; and the
radius of the cye glafs, which you put
half an inch, is the twelft part of it, if
not lefs: For the metal colieéts the fun’s
rays at 67 inches diftance, and the eye-
glafs at lefs than ¢ part of an Inch Diftance
from its vertex. By the tools alfo to
which they were ground I know their
Dimenfions; and particularly meafuring
the Diameter of the hemifpharical Cen-
cave, in which the Eye-Glafs was ground,
I find it the fixch part of an Inch.

Perhaps it may give fome Satisfaltion to
Mounfieur HUYGENS_., to underftand in
what Degree it reprefents things diftinét
and free from colours; and to know the
aperture by which it admits light: And
atter the words [— Perfus Focum E re-
feitatur.] (PL 1V. Fig. 2.) it may not
be amifs to add this note,

R ° Confe-



266 LETTERS between Dr. GREGORY

Conferendo diftantias foci iftius a ver-
Iiﬁf!;zs.r Lentis & ﬂf’ﬂ:zsﬁ'ﬁ concavi, hoc efts

F ¢ ETU 65 dig. prodit ratio
1 mf 38 s gua indicatur objeita 38 wici-
bus circiter ampliari,

And to this proportion is very confenta~
neous the obfervation of the crowns on the
weathercock: For the fcheme reprefents
it bigger by 2, times when feene through
this then when through an ordinary per-
fpective. And fo {Lppﬂf ng that to magnify
13 or 24 times, as by the Delcription it
thould, this hy the experiment proportion-
ably muft magnify almoft as much as I have
afligned It.

To the obje&ion, that with it objets
arc difficuldly found, I may anlwer, thac
that’s the 1nc Hl‘u’tl‘llﬂI]Cﬂ of ‘all Tubes that
magnify much ; and that after a little Ule
the Inconvenience will grow lefs: For I
could readily enough find any day-objeéts,
by knowing which way they were pofited
from other objets that I accidentally faw
in it ; but in the night to find Starrs, I con-
fefs is troublefome enough. Yet this may
be cafily remidyed, by two [ights afhixed to
the iron Rod by which the tube is fuftein-
ed. And [uch [ once intended fhould have
beene made before I fent it away from mee,
but that I thought the defet would not be

adjudged
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adjudged material.  If fuch fights be not
found a {ufficient remedy, there may bee an
ordinary perfpective glafs faftened to the
fame Frame with the tube, and direéted
to the fame- obje¢t ; as Des-CarTes in his
Dioptrics hath defcribed for remedying the
fame Inconvenience of his beft telefcopes.

The plane fide of the eye-glafs is apt to
bee foiled with duft falling upon 1t; and
therefore the little leaden Ring put into the
orifice of the bigger leaden barrel to mo-
derate its aperture, muft be fometimes taken
out, and the glals wiped with leather
done upon the fmall enld of a fick, or
other fuch like contrivance; but -care
muft bee taken that the faid Ring bee not loft,
for without it Objeéts appear very confufed
at the edges of the apparent fpace. So if
the concave metal contraét any dullnefs by
moyfture, or otherwife; it ought to be
taken out and rubbed with gentic leather,
but not with Putty, or any thing that may
weare the metal,

I am very fenfible of the Honour done
me by the Bithop of Saram,* in propofing
mee Candidate; and which, '1 hope, will
bee further conferred upon me by my Elec-
tion into the Society. And if fo, I{hall en-
deavour to teftify my gratitude, by commu-
nicating what my poor and {olitary endeavours

E 443 can

* Seth Ward, D. D.
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can effe¢t towards the promoting your Phi-
lofophical defigns. |

S1R,

I am

Your very bumble
Servant,

I. NEwToON.

N % B VI,

8t. Andrews, 7 March, 167 3.

S IR,
Have received yours, dated Pebr. 20,
togither with Mr. NewTon’s Anfwer,
with which I am exceedingly fatisfied. I
am much engaged to you both for the Pains
ye have been at. 1 am almoft convinced
that oblique refle@tion caufeth more Light
then the direét; but I am not fully perfwa-
ded that it is more regular. 1 conceive
that the rudelie polifhed plate of metall in
an oblique pofition caufeth the image ap-
pear more diftinct, becaufe the obliquitie
hideth the concavities, fo that no rayes
come to the eyes but from the tops of the
litle tabercula ; which ar certeinlie beft
polithed, the other rayes which confuf;d
the
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the image being keeped away. But if the
plate be exalilie polifhed (I fpeak here as
to fenfe) the pofition muit be {o oblique,
before the infenfible concavities can be hide,
that the plane fall almoft turn, to the fight,
in a line. I Grant that I have been mifta-
ken in that firft Advantage which I men-
tioned: for the plane Speculum F having
certenlie (as all human artifice hath) fome
errors in it, caufeth greater prejudice by
their being remote from the focus than be-
ing near to it; and in it ther js none at all
caufed : wher if it could be placed, and an
near and dire@ afpeét had of it, this wer
certeinlie the beft telefcope of this Sort.

It is true indeed, that in telefcopes with
convex or concave Specula to double the
charge, the lenth muft be almoft doubled;
but to double is a great alteration, and
hardlie fufferable (as I fuppofe) in werie
good glafles, if the leaft charge be confi-
derable. But 1 underftand not how the
charge can be altered at all with the fame
glafles in Mr, Newron’s Telefcope ; for I
know nothing of that which was deferibed
to Mr. OLpeNBURGH. It is true that eye-
glaffes can be charged in all Telefcopes if
they be at hand of the required depth. I
think there is no great Hazard in thefe te-
lefcopes of overcharging, f{eing the charge
of the Eye-Glafle can be diminifhed at P}ea-

ur;
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fur ; nether upon this account needs the
angle of vifion be fo fmall, feing it is equal
to the angle of the eye-glafle from its
focus, its other focus being the litle {pe-
culum; nor the darknes at all augmented,
if the apertures of the fpeculums be pro-
portional to the diameters of the Spheres.
But above all things I defire to know this ;
that feing the Image made by the great
Speculum may be efteemed a {mal vifibile,
and feing Mr. Nt wrto N in the Tranfac-
tions, Page 3080, thinketh it fitter to mak
an microfcope or tube to behold an {mal
vifibile of one concave Speculum and one
eye-glafle, rather then with one f{ingle
Eye-Glafle, and much rather than with one
plane Speculum and with one Eye-Glafie :
wherfor alfo to look to this fmal vifibile,
the firft alfo fould not be preferred to the
laft. 'This image indeed is not capable of
fuch magnification as an vifible is; yet I
am hardlie fenfible how this fould calt the
ballance, taking in the defeéts of a plane
Speculum, togither with other inconve-
niencies in taking up the obje&t. {1 faid
indeed, that hyperbolick and elliptick Glafles
wer tryed in vaine; but I fpoke not fo of
fpherick Speculums (as Mr. NEwToON'S
Words fecem to imply, Tranfaitions, Page
4059.) for any thing I did deferves not the
Name of a Tryall, feing Mr. Rize and

‘ Mr.
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Mr. Cox both know that the great Speculum
was polifhed onlie with a Cloath and
puttie : nether thought Iit worth the pains
at that time to be ferious about further en-
quiry in that bufines; for they undertook
indeed to polifh a lefs Speculum to me upon
the tool. I am not yet fullie convinced
which of thefe two ways have the advan-
tage ; albeit I incline more to Mr. Nrw -
Ton’s, efpecialie becaufe of the {mal di-
ftance betwixt the plane Speculum’s focus
and the eye.  However, Expericnce muft
determine all ; neither am I concerned how
it happen. I had no Intention that my
thoughts of thefe telefcopes fould be
printed ; my defigne was onlie befor, as
now, that (if ye thought fitt, otherways
n@nt} ye might fend them to Mr. Nrwrox,

Co =

Mr. Newron’s Difcourfe of Reflection
puts me in mind of a Notion I had of burn-
ing glaffes {everal pears ago; which ap-
pears to me more ufefull than fubtile, If
ther be a concave Speculum of glafle, the
leaded convex Surface having the fame Cen-
ter with the concave (or to {peak precifelic,
albeit perchance to little more Purpofe, let
the radius of the convexitie be ¢, the
thicknes of the glafle in axis tranfitu
f, the Radius of the Convexitic equal to
= _;I_ii; S,f) this Speculum fa] have

the
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the Foci of both the Surfaces in the fame
Point ; and not onlie that, but all the Rays,
which ar refleted betwixt the two Surfaces,
{al in their Egrefle come guam proximeé to
the common Focus. The making of fuch
an Speculum requireth not much more
Airt then an ordinar plane Glafle, feing
great Subtilitic is not neceflar here :
So that I believe they, who mak the plane
Miroir-Glaflcs, wold mak one of thefe three
Foot in Diameter for four or five L. ft. or
litle more: For 1 have feen plane Glaffes

almoft of that Bignes fold even here for lefs
Money. Now feing (as Mr. NEwToON
obferveth) that al refleting Metalls lofe
more then 5 of the Rayes: This concave
Glafle even c¢ateris paribus, wold have an
great Advantage of a Metall one; for cer-
tainlic an exadlie polifhed thin Miroir-
Glafle of good tran{'parant Mater, after a
few Reflections, doeth not lofe § of the
Rayes: And upon other Accounts this hath
incomparable Advantages, feing it is more
portable, free from tarnifhing, and above
al hardlie % of the Value. The great Ufe-
fulnefs of Burning Coneaves, this being o
obvious, and as yet (for qt. I know) un-
tDllCh{i:d by anie, makes me jealous that
there may be in the Practife ﬁ}mc Fallacie.
Ye may communicate this to intelligent
Perfons, and efpeciallieto Mr, NEwToON;

afluring
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afluring him, that none hath a greater Ve-
neration for him, admiring more his great
and fubtile Inventions, then his and

Your bumble Servant,

J. GREGORIE.

If ye pleafe, let me hear with the firft
convenience what may be judged the refult
of this burning concave: for I am as much
concerned, to be undeceived, if ther be any
infuperable difficultie, as to be informed of
an moft furprizing {uccefs. I have fpoke
of it to feverals here, but al wer as ignorant
of it as my felf, @e. .

[ I defire yet to be more particular in the
mater of telefcopes. I fuppofe an 4 foot
telefcope have the aperture 6 inches; the
litle concave having the aperture i inches,
may magnifiec § times, the radius being 1
foot, In this cafe the hole in the midle
of the great concave is onlie 2 inche, which
being fitted with an eye-glafle equallie
convex on both fides, amplifying the Charge
of the litle concave 24 times, doeth mak
an telefcope magnifying the objeét 190
times (which is no extraordinar charge,
feing Mr. NEwToN's table giveth 171,
and might be much lefs without inconve-
nience) taking in an angle of vifion of

] M m above
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above 20 Degr. and with this ther is not
loft & of the rays. with the Lofle of
i of the Rayes it might magnifie not above
144 times, and tak in an angle of vifion
of above 28 Deg. with al this the midle of
the objet is illuftrat with all the rays
‘which the aperture of the great concave °
doth refleét. by thefe means I think that
I keep of from thefe two inconveniences
mentioned by Mr. Newron in the feventh
particular of his confiderations. the e-
vent of thefe other confiderations, as I fup-
pofe, can onlie be determined exactlie by
experience. |

N v ™M s VIL

§ IR,

Aving perufed Mr. G reGoRY's candid
reply, I have thought good to fend

you thefe further confiderations upon the
differences that ftill are between us. And
firft, that a well polifhed plate refleéts at
the obliquity of 45 degrees more truly
than dire¢t ones, feems to me very certain:
for the flat tubercula, or fhallow valleys,
fuch as may be the remains of fcratches al-
moft worn out, will caufe the leaft errors
in the obliqueft rays which fall on all ﬁdhes
: the
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the hill, excepting on the middle of the
forefide and backfide of jt ; that is, where
the hill inclines direétly towards or direétl

from the ray: for if the ray fall on that
feGtion of the hill, itserror is in all obli-
quities juft double to the hill’s declivity
but if it fall on any other part of the hill,
its error is lefs than double, if it be an ob-
lique ray, and that fo much the lefs, by
how much the ray is obliquer; but if it
be a direét ray, its error is juft double to
the declivity, and therefore greater in that
cafe. I prefume Mr. GREGORY; if you
think it convenient to tranfmit this to him,
will eafily apprehend me.

How the charge may be varied at Plea-
fure in my telefcope, will appear by this
Figure ; where A reprefents the great con-
cave, E the Eye-Glafs, and :
BCD a Prifin of Glafs or Y+ & %
Cryftal, whofe fides BC and B D are not
flat, buc fpherically convex; fo that the
rays which come from G, the focus of the
great concave A, may, by the refraction
of the firft fide BC, be reduced into paral-
lelifm, and, after reflexion from the bafe
C.D, be made by the refra&tion of the
next fide B D, to converge to the focus of
the eye-glals H.

The Telefcope being thus formed, it ap-
pears how the charge may be altered, by

Mm 2 varying
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varying the diftances of the glafles and
fpeculum. &

As for the Objection, That Mr. G & E-
c or v 's Telefcope will be either overchar-
ged, or have too {fmall an angle of vifion,
¢rc. 1 apprehend that the difference between
us lies in limiting the Aperture of the eye-
glafs. Mr. GREGORY puts it equal to that
of the little concave; but I thould rather
determine it by this proportion; That if
a middle point be taken between the Eye-
glafs and its focus, the apertures of the
eye-glafs and concave will be proportional to
their Diftances from that Point: That is,
{uppofe A B the little con-
cave, EF the eye-glafs, G
H their common focus or image, and K ther
mean diftance between GH and EF; from
the extremities of AB draw A K and BK,
butting on the Eye-Glafs at F.and E, and
EF ihall be its Aperture. The reafon of
this limitation is, that the fuperfluous
light which comes on all fides of the {pe-
culum A B to the fpace G H, in which the
picture of the object is made, may fall be-
fides the eye-glafs: For if it thould pafs
through it to the eye, it would exceedingly
blend thofe parts of the pi¢ture with which
‘tis mixed ; and fuch are thofe parts of it
which extend themfelves beyond the lines
AKX, BK. AsI remember, I faid in my
_ former

Plate 4, Fig. 10.]
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former letter, that the fcattering ILight
which falls on the eye-glafs will difturb
the vifion; and this is to be underftood of
any f{traggling light which comes not from
the pi¢ture; but if it come from the piéture
to the eye-glafs, the difturbance will be
much greater, fo as not to be allowed of.
Againft the firlt, I fee no very convenient
remedy ; and againft the laft, none but
afligning a fmall Aperture to the eye-glafs ;
fuppofing the Telefcope is ufed in the Day-
time, or in twilight, or to view the Moon,
or any ftarr very neare her, or neare the
brighter Planets. And if for this reafon
the Aperture be limited by any rule; the
angle of vifion will become very fmall, as
I affirmed: For Inftance, in that cafe
where Mr. GreGory in his Poftfcript puts
it above 20 degrees, it will be reduced to
lefs than half a degree. Yet I confefs
there is a way by which the angle of vi-
{ion may be fomething enlarged ; but it will
not be very confiderable, unlefs the eye-
glafs be alfo deeper charged.

Why 1 affign a concave with an eye-
glals to magnify fmall Objeéts (in Tran/-
attions, Page 3080.) and yer an eye-glafls
without fuch a concave to magnify the
image of the great concave, which is equi-
valent to a {mall objec, is, becaufe that
image doth not require to be magnified flc;

muc
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much as an obje¢t by a Microfcope ; and
further, becaufe the angle of the penicil
of rays which flow from any point of the
fmall obje¢t, that the objet may appear
fufhciently luminous, ought to be as great
as poffible ; and a concave will with equal
diftinctnefs reflect the rays with a greater
angle of the penicill than a Lens; but in
the Telefcope the Angles of thofe Pencils
are not fo great as to tranfcend the limits
at which an eye-glafs may with fufficient
diftinétnefs refrat them: And therefore
in thefe inftruments I chofe to lay all the
firefs of magnifying upon.the eye-glafles.
In Microfcopes alfo I would lay as much
ftrefs of magnifying upon the eye-glafs as
it is well capable of, and the excels only

upon the Concave. -
Concerning my citation of Mr. GREGOR Y
againft Monf. CassEGRr A 1N, the force of
it lies only in the inference that Optic In-
ftruments moft probably, according to M.
CassEGRAIN's defign, have been tried by
Reflexion ; which I think I might well infer
without having regard to the {pecific figure
of the fpeculum which Mr. Grecory there
fpake of: And therefore I think it cannot be
faid that I made him fpeak of fpheric fi-
gures, where his meaning was of hyperbo-
lic and elliptic ones.  But if I thould be fo
underftood, becaufe I put the figure of the
great
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great concave to be {phe ipe-
cify it, I know not wh vay
of Confequence make on:
For it is not proba* ould
attempt Hyperbcaic gures of
Speculums, until t iphericall
ones had been firft t1

And accordingly t of Mr. GRE-

G o R Y with Mr. Reive was by a {pherical
Figure: Which tryal, although I am now
{atisfied that it was made very rudely, yet
by the Informaton which I had of it when
I wrote the letter about Mr. CASSEGRAINS
defign, I apprehended it to have been made
with very great diligence and curiofity,
as I fignified in my former letter at large.
- And this I hope may excufe me for fpeaking
of it in the Tranfattions as if it had been
tried with more accuracy than really it was,
And thus much concerning the Telefcope.
The defign of the burning Speculum ap-
pears to me very plaufible, and worthy of
being put in praétice. 'What Artifts may
think of 1t 1 know not; but the greateft
dificulty in the practice that occurs to me
is, to proportion the two furfaces fo, that
the force of both may be in the fame point
according to the Theory. But perhaps it
is not neceflary to be fo curious; for it
feems to me that the effe¢t would fcarce be
- {fenfibly
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1 -
foe  fides fhould be ground
i age of the fame tool,
¢
: ur bumble Servant,
Cﬂ'm&ﬁp =
16, J. Nrwron
N vuwm s VIL
8t Andrews, 13 May, 1673,
S dedR s |

Received lately your’s, dated the 19th
April, togither with Mr. NEwToON’s
to you; for whofe faire correfpondence I
give you Both hearty Thankes: To which
I have onlie thefe few things to fay. As
to his firft, I underftand not well his mean-
ing: an oblique pofition feemeth to expofe
al its inequalities more fullie to the rayes ;
and ether altogither to hide the loweft of
the regular Surfaces, or otherways to reflet
the Rayes coming from them on the adja-
cent tubercula.

His way of varying the charge is indeed
exceedinglie ingenious ; but I think thofe
Surfaces too lyable to the etrors of the ar-
tificer’s Hand. The opacitie of the glatle

prifme, togither alfo with the iregularitie
which
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which he hath difcovered in Refraétion,
may help to darken and confufe the Sight.
As for the next, 1 know not if it be wor-
thie of the paines to look with excellent
"T'elefcopes on terreftrial bodies: For as the
Objeét is magnified, fo is the groflfenes of
our Atmolpher to our fenfe encreafed ; fo
that the one hindereth as the other helpeth.
In celeftial Obfervations any little thing ap-
plyed to one or more fides of the litle Spe-
culum, may ftape the Rayes of the Moon,
or anie other of the brighter Planets, if
thefe be alfo thought worthie noticing. 1
fuppofe that al thefe adventitious Rayes
may be hindered even in Day-light, by put-
ing in the Focus of the eye-glaffe towards
the eye an thin Plate of fome Metall with
an litle round Hole in the midle in Diameter
4y 45, 0r & of an Inch; which is calcu-
late fo, as the Diftance of the Eye-Glafle
from the litle Concave is to the Diftance of
the Eye-Glafe from its Focus, fo is the
Aperture of the litle Concave to the Dia-
meter of this Hole, It is true, at fome
times this may hinder fome of the Rayes,
but they ar always the worft; and by en-
creafing the Aperture of the litle Concave
not much above what my methode requirs,
it will hinder non at all. I could not have
judged that Mr. N&wrow had thought on
this Inconvenience in Mr, CassecraINE his

N n Tele-
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Telefcope, feing it [cemeth to me, even in
his own Microfcope, Zranfatiions, Page
~ 2080. for not onli¢ the dire¢t Rayes of the

Object O (neverthelefs that it be looked to
onlie with Day-light) but alfo thefe pro-
ceeding from the Objeéts befor the Concave
ar always fcattered through the: whol
Image; nether doe I fee how it can be ex-
actlie helped. e YA

That we may {e what Effeét this fcattered
Light may caule in the Sight, let us fuppofe
the Telefcope to magnify 160 times, and
the Aperture of the great Concave to ¢ontein
S times the Aperture of the Eye-Glafle or
- litle Concave, and the Obje& to be a Planet
apparent Diameter ; of a Minute, in whofe
Image ther pafleth the Rayes of another
Planet of the fame apparent Bignes and
Brightnes. The Angle of Vifion is about
16 Deg. the Planet appears in an Angle of
1} Deg. that is to fay, it illuftrats fo much
of the Retina. Now the other Planet illu-
ftrats (I take no Notice of the litle Concave,
which is to my Difadvantage, feiagic keep-
cth of manie of thefe Rayes) 16 Deg. of the
Retina, Now becaufe of the Aperturs,
ther ar 64 times as manie Rayes in 1% of a
Deg. as in 16 that is to {fay, thefe adven-
titious Rayes have but -+ of the Splendour
of the Image ; which I think hardlie fenfible,
The Brightnes indeed of the Moon wer neaj

z an
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» and not fufferable ; which therfor is to
be helped be fome of the forefaid Means., In
the Twylight the Inconveniencie may be
for the moft pairt verie inconfiderable, and
perchance fomtimes (as alfo other adventi-
tious Rayes) advantagious by making infen-
{ible the Circumradiancie of celeftial Bodies.
All this is fuppofing the Eye-Glafle convex;
for if it be concave, the Eflett is otherways.
As to his laft, I imagine that all Images
doe require (cezeris paribus)to be magni-
fied as much as may be. Nether doeth his
other Reafon appear to me ; for Penicills of
the fame Angles ar more trulie refieéted by
an Concave, then refraéted by a Lens. And
albeit in Telefcopes the faid Angle tranfcend
not the Limite of a Lens commonlie afligned,
yet {furghe the more it is exceeded by this
Limite, it is fo much the better. And al
this is obferved in my Defigne ; yea ther is
3 times as much Strefs of Magnitying alfo
laid upon the Eye-Glafle as on the litle
Concave. It may alfo be noticed, that
here ther ar no verie {mal Sizes of Spheres
to be polifhed ; which can hardlie be done
(as I fuppofe) to Precifenes. It is poflible
that even in Telefcopes ther may be more
ftrefs laid on the Eye-Glafs then it can
carrie ; efpecialie in the extreme Penicills;
wher the Incidence is oblique, and Refrac-
tion perhaps fo great, that ;- of it may be
fenfible,
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fenfible.  Alfo an ordinary Microfcope fuf-
fers no Aperture above the Limite of a Lens;
and neverthelefs it doeth much more then
one fimple Lens, or elfe the Worlde hath
been exceedinglie deceived. 1 dare not
confidentlie affirme, that ordinary Micro-
{copes may outdoe any Improvment of one
Lens; but if they doe, I think it more
then an probable Argument, that my Pro-
je¢t fall exceed Mr. Newron's; feing be-
fide the onlie Difadvantage which I fee in
mien (to wit, the Diftance of the Glafles)
it hath the great Irregularitie of Refraction.

I think nothing can be ifferred concern-
ing the Tryal of my Telefcope from my Af-
{ertion, feing the Tryal was after that Af-
fertion ; but Mr. NewTo N could not be
{uppofed to know this.

5 R
Vour moft bumbe Servait,

] GREGORIE.

B L\ i
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T.D
The Reverend Dv. DEs AGULIERS.

SIR

Have inclofed your Papers, (which were

left with me laft Week ;) what I have
added, you will be pleafed to make ufe of,
or not, asyou think fit. The firft is a Rule
for the Parts of the Gregorian Telefcope,
of the fame Nawre with what I formerly
delivered to Mr. Mo/ineux, relating to that
of Mr. Caflegrain. 1 have carried the
Tables for thofe with two Eye-glafles, both
for Night and Day, as far as it feems pro-
bable to be of any Ufe. I am,

SIR,
Qour moft bumbie Servaunt,
Dec. gth, J. Haprey.
1734.

P. 8. I have juft received the Favour
of yours. I imagined, the Plate with the
{mall Hole to exclude foreign Light in Te-
lefcopes, to have been my own firft thought,
but find Mr, Fa. Gregory had had zhe

Jame before,
0o T be
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The Proportions for the feveral parr,r

of a Catadioptric Telefcope of the Form
propofed by Mr. J ames GREGORY.
PLATE 4. Fig. 8
ET, AD reprefent the common Axis
of the T elefcope, and 2 concave Spe-
cula BB and FF. Suppofe A G the focal
length of the Speculum B B, whofe proper
Aperture BB, and Chargc, are likewife
known. Let C C be the Breadth of the
Perforation. I F the Breadth of the {mallet
Speculum equal to, or a little greater than
CC. [lits Focus; N the Eye-glafs, N A
its focal Length, and M a Plate, with a fmall
hole to exclude all foreign L:ght And let
it be required to take in at one View fo
much of the Object as may appear through
the Telefcope undcr a given Angle, viz.
= CNC. To do thiswith the lofs of the
feweft Rays of Light near the Axis, the
Proportions {hould be as follow.
Call AG a.
BB L
The Power or Charge m.
The Ratio of twice the femitangent of
the apparent Angle of Comprehenfion re-

quired CN C, toRadius f-!? -9-(—: = 1

A N
Then H H the Breadth of the Image of
fo much of the Objet as is fcen at once,

will be = 7 4.

1l
N. B.
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[ N. B. If inftead of —Ej a, you fubflitute

¢ for U, the Algebraic Expre[lions be-
come fometbing more fimple, for which rea-
fon I bave added them.

The Breadth of the Perforation C C ; of

the great Speculum =721 ¥ na x ¥ na-+mb,
"

or ¢ 4 v bc + cc.
The focal Length of the {mall Concave I D,

a_xJﬁx¢a+'J na -+ mb,

na + mb -+ ?:/ na X ua - mb

axct v betoe

b o2V bcqﬁcs-
The Diftances of the Specula, 7.2, A D,
atavuna Dra%“::zv’r: .
vaua--mb Vbl
The focal Length of the Eye-glafs, and
its Diftance from A, 7. e. A N.
a Nnaa-\ mab ¢-\- bc+cc
m T mvou e 1~ff,r; \
The Diftance of the Plate M, behind the
Eye-glafs NM, = DNx AN
DA '

The Breadth of theHole in M= NM x CC
DENv T

If a double Eye-glafs be ufed with this

Telefcope, to prevent the Objedts being co-
" Joured

or
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loured near the Edges of the 4rea, the Image
of the Obje&t muft be thrown back by the
{maller Concave, fo far behind the great Spe-
culum, that there may be room enough to
place the firft Eye-glafs N at a fufficient Di-
ftancc before it, and the Algebraic Expref-
fions of the feveral Parts become much more
complex, wherefore I have omitted them,
and added the Preportions for the follow-
ing Sizes.
For the Night.
If A G be 40 inches, 60 90

and Power 172. S == 307,
BB 4 6% 9.0

ID 4.:8 5.88 8.or
FF, o .67 & 81 8l97
CC o.66 0.80 ‘0.96
focus N 4 .23 § 1y’ (6. 29
length S I, W R W T
o 4472 66 .9 98606
AN 0.9 | L

NS 3.04 3:64 4.4
SM 0.8 oL byt Hdi3
RR .43 052 0l63

For the Day.
If A G be 40 inches, and the Power 86-
BB = 4.9 AD = 6.74
1D =5 o5 AN = 0.9
FF = 1.0 N S = 4+ 44
CL =5, 90 SM= 1.15
N= 6.02 RR = 0. 63
S =202

P oty e BN




-Pag. Line

I1 23
60 2

93 22
ebid. 2%

Y. &

thid. 7
124 I9
128 2

131 19

133 6
ibid.
139 20
140 1Y

143
146 13
147 24

149 8

I5I 3

164 9
165 14
166 3
168 10
1bid. 18
thid. 19
190 '3
180 1
183 9
187 2
194 8
(196 15
1397 23

ult.

Errata & Corrigendu.

For Read
ABC pr
_=—2A% X 2 2% Ixzww __, 2 + 2w Ix 152
-\ 6arz 4 2cvz - 4acr - 6arz - 2crz - gacr
2ab - 2ar 2ab - 2ar
a+b atb
after collefled, infert, or diverge asif they were collected.
dele from, whence, to therein,
ar a x
¥= e
2d4-r A—x
Concave Convex.
b—cr br — ¢
A— 4 =——

2 ¢ 2 ¢
-::.d+?‘?'; ':zd—l-_f:?‘;-
s r=2d.7 sir—za2d:r.

J-grse +§rsz
n 6.drr
after is, infert == .
J-I14-sR¢ Is4+ Rz
or and.
475t 64py—2rty. 47rst-6rsy—arey.
. : —_ ST,
after bhave infert d—= ———2 o,
6ryr—6rr
I R
1—R I—R
refrafted, reflefted,
Bfu, the fecond D ox, Bf,u,the fecond Do, #,
6a+42c—r 6a+20—17Z
L L] 34F
1z a 13%a
iy @ it 4
after Proe. 1. refer to Plaze 111.
after Pror. 2. refer to Plaze 111.
after Microfcopes, refer to Plate 111.
after Pror. 3. refer to Plate I1I.
after Prov. 4. refer to Plate 111.
EL DL
after Pror. 5. refer to Pilaze 111,

Pag.



Errata & Corrigenda.

Pag.Line ;.. For 4o’ Read
202 1§ 4§ ¢ lefs Ly 4 more.
206 1 after Proy.6. referto- . . Plare 111
9 o, e LS s oinn T Leufes.

N. B. Fet want of Room, for the /ixth Figure, (in
Prare IV.) the Rays O O and P P feem parallel
‘té one another 5 “bat they muft be fuppofed to
have crofs'd at the Center of the Speculum upon
the Axis A a producd, asis reprefented by the
Rays ¢ O, g C, inftead of O O for the Rays
O O, do really come from the Bottom of the di-
ftant Objeét p o, at 0, and the Rays P P from the
Top of the {aid Objeét at p.

 Thefe Errata 8{ Corrigenda render this Work compleat,
gt ' L.75 D
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