This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=_xQ5AAAAMAAJ&ie=ISO-8859-1

I .a*. .m.
.o. Q. :.

i
i
»
»

L]
:
8
.
(i

¥

.ao

.*. I#I cg. cg. -g- "8-'. 193-'-. -

£
.

.c&u‘s-u‘u. 3

A

o EHpl B .&%&a@

3

PR i b )

- v
.-

o o




<
353
M T



-

desndl Doax




.-

v

* A 3

NEW and COMPENDIOUS -

SYSTEM
OPTTICS

In TureEe Parts, viz.

PART 1. CaTorTRrics, or the Do&rine
of Vifion by Rays refleted from Mirrours, or
polithed Surfaces.

PART 1I. DiorTrics, or the Theory of
Vifion by Rays refraQed through Lenfes, qr tranfparent
Subftances. Pina

PART III. A Pra®ical Defcription of a-great Number

of the moft ufeful Optical Jufframents and Machines, and their
Conftru@tion fhewn from the Theory; «wiz. The Ex e,
Camzra Onscura, fisgle and dowble Microscorss, Re-
Jrafting and Refleiting TRLEsCOPES, PERSPECTIVE
Grassks, the Macic Lantrorn, &¢c. The Manner
of adapting MicrousTERs to Microscorss and TxLs-
scorks of the refleing Sort.

‘The whole explained, exemplified, and illuftrated by a
great Varicty of Copper-Plate Figures, as big as the Life.

By BENYAMIN MARTIN.

Author of the Phiblogical Library of Literary Arts and Sciences ;
and 4 Treatife of Logarithms, Common and Logiftical, in Theory
and Praélice.

Oculi, pars corporis preiiofiffima, & qui lucii ufu vitam diffin-
gnant & morte. P L1x. Nat. Hit. Lib. 11, Cap. 37.
Nam fic poffunt fignrari perfpicua & fecnla, st snum_appareat
a—— ut longifimé pofita, apparcant propinguiffima ——
%! maxima appareant minima, & alta appareant infma, (S
oculta wideantur manififia, & flellas faceremus apparers
guo wellemus. Roa. Bacon. Epift.

L ONDON: :

N
Il
.

Printed for James Hopogs, at the Luking-Glafs on ~ -

Londen-Bridge,. MDCCXL.

.}’

2
<
3



o T — i - T T ————

Vone con




[v]

MMCW .
- foddle

% 2% - T O
an«q

MARTIN FoLkEs, Efq,

VICE-PRESIDENT
' ofrnn

ROYAL SOCIETY, &

S IR,
HE Reputation You have ac-
quired of a general and pro-
found Knowledge in the
JAﬂsandSkumas,aswmﬂ[a&mny
Mathematical, and Your particular

‘Tafte for Optics, and the more deli-
' ajsg cate



vi DEDICATION.

cate Pleafures arifing from the vari-
ous Effe®s and Inventions of that
‘noble Science, point You out as the
moft proper Patron for my Syflem of
Optics. And 1 prefume the more
freely to put my Book out under the
Patronage of Your Name, as You
have been pleafed to let me. know
You thought my former Picces worth
Your Notice and Perufal. And as
You have honoured me with Your
Approbation of my new Pocket Micro-
fcopes, I fhall take the Freedom, €'er
. long, of prefenting You with fome-
" thing new in the Refle®ing-Tele-
{cope Way, if Succefs attends my
Defigns. 1 .fhould think myfelf in
nothing happier, than in doing fome-
thing that You fhall approve and. ac-
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" THE

PREFACE

S the Eye among the Organs
A of the Body, fo Optics among
. the Sciences, is the mafly de-
licate, curious, and ufeful ; as the Parts
and Stiucture of the Eye Jurpafs that
of mof} other organical Parts, in Point
of  Mechanifm and wondrous Contri- .
wvance, fo the Principles and Tbheorems
of Optics are of a peculiar Nature,
wonderful .in.their barmonipus Origin,
" and exprefs a whole Science in a Line.
Lafily, As the Eye is that Organ by
' ‘ which
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wbich we have all our Ideas of the
Hagnitude, Order, Number, Difpo-

. Stion, Colours, &c. of Things about

us 3 fo Optics #s that Science which a-
lome accounts for the Reafon and Man-
ner of fuch Senfations : And a Man
not verfed in the Vifual Science, can
no more properly be faid to fee Things
rationally, than a Quadruped ; and

 bas- litele “better Notions of apparent

Magnitudes and Diffances of Things, -
36475’ @ blind }k&m bas of Caloﬂrr

THUS. Opt1es is in zrﬁg)"cftbc,
lqﬂb@orm% and to b¢ well under-
flood 10 difcriminate the Man from the

" Brote, in Regard of the nobie Senfe

of Seeing. « Bus zbis is mo¢ all; it is
afo’ the Griand-Work, ¢» Fundamen-
tal Science, 20 many otbers, as Perfpec-
tve Pamtmg : Axchite@ure, - Aftrono-

o L my,




The PREFACE 1

my, Dialling, Surveying, &'c. How
leme and imperfo? muft azy of shoe
Aris and Artifts be, were they net af-
ond Rudes of this neble Science 2

. AGAIN, If we regard Curiofi- .

Optics, in the wiole Encyclopedia ?
Whas Gratifications ef Senfe fo exqui-
fix s il of Sihit By Optis e
Haeavens bave bean revialed 1o us; the
Spots and Fecule on the Face of the
Sun, tbe Horns and waining Pbafes of
Venus, the Mountains and Vales in
~ the Moo, the Sotellites and Belts of
Jupiter, and Saturn with bis swendreus
Ring ; befides innumerable Siars mos
oshertnife to be feen bus by the Tele-
Jeope ! What Pleafure, yea, bow ufe-
Jul is ity 20 bave Objelis thirty or forsy
Miles
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Miles off, brought within the Diffance
of one Mile, or half a Mile? Yet this
the Telefcope effects. Again, What
Difcoveries bave been made in the
World of Miniature, where Objecs fo
very fmall as otherwife muf¥ ever have
been unfeen and unknown by us, . are
made confpicuous, and remdered vifible
in their minuter Parts® Who could
ever bave thought of the Animalcule
in Water, inSemine, &, The Eels
in Vinegar and Water ; the Pores and
Air-Veffels in Wood ; the pearly Drops
on Leaves of various Plants ; the ve-
ﬁcalar Subflance of Beans, Péafe, and
all Kind of Pulfe ; the curious Forms,
the particular Striture of Parts, and
the rich Golours that adorn moft of the
invifible Tribes of Animals! Yet all
this, and ten thoufand times more, is
perﬂrmaéle by the Microfcope ; an In-
Sfrument
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Srument which no reafonable Man
fbould want, inafmuch as it ferves bim
inflead of Microfcopic Eyes. As 2o
the Benefit thofe receive from this
Science, whofe Eyes require the Aid of
SpeQacles, it is fo great and fo gene-
ral, that it would be meer Impertinence
2o pretend to expatiate upon it ; and
magy other invaluable BIe]ing; refult
Jfrom this Art of improving Sight,
" wbich the Experience of Mankind bas
long fince evinced, we can't be fthboﬂt,
and not be miferable.

YET notwithffanding what bas been
Jaid of the exceeding Ulefulnefs of this
Science, I am too well comvinced but
very few underfland any Thing of ir.

If you oft why they do nor fludy Op-
tics, zbey re-intérrogate, what Books
Joould we read? If you refer them to
Mr
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My Molyneaux, bat is 200 large, and
too much perplex’d with algebraical So-
lytions, and is therefore only fit for
Scholars.  If you trecommend Dr Gre-
gory’s Elements, the Geometrical De-
monfirations of every Propofition deter
the Reader, and My Browne's Supple-
mens thereto involves bim in a Laby-
rinth of analytical Invefligations and
Solutions, with lttle Order and Per-
Jpicuity, and great want of Schemes.
Ifs lofly, you advife them to read
. Dr Smith’s Treatife of Optics, zbey selt
_you it is too expenfive, and [fo volumi-
nons, - that they cannot pretend to bave
Time for reading fo much wupon the
Subject, befides that by far the greateft
is abeve their Underflanding. Thefe,
and fuch like, are the Objetions to the.
Books extant, and therefore it was
judged ﬂecqﬂary t0 drow up a new

Syﬁem
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Syftem of Optics, which might, f
poffible, obviate thofe Objetions, anl
remove the Diffculties that bave bs
therto difcouraged Perfons from ih

Study of fo excellent a Science.

- 1IN Order to this I judged it necsf-

Jary o difpatch the Theory in as fbort,
yet plain a Manmer as poffible ; this in
Catoptrics I bave done from the ad-
mirable unsverfal Theorem, invented
4y the late Mr Humphrey Ditton ;
and in Dioptrics I was fupplied with
that wondrous Theorem, which expreffes
the whole Science in balf a Line, and
is ome of the many noble Inventions of
the jufily renowned Dr Halley, Thefe
two general Theorems I bave explained
and branched out into all the particu-
lar Cafes that can arife from different
Rays, Mirreurs, and Lenfes, Diflances,
t and
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ad Pofitions of Objelts 5 and after
tiaty, lef} any fbould not underfland the
Sheary in Species, I bave carefully ex-
Mained, or rather expreffed, each Theo-
rem (in Catoptrics and Dioptrics) in
‘Words at Length, and fo reduced them
20 Rules, by which any Cafe may be
| fobved truly, by thofe who know nothing
qf Algebra or Geometry. I bave alfo
i given Example: (to every Cafe that re-
quired it) in Numbers, and illafirated
! them by Scheses and Figures of Rays;
Mirrours, and Lenfes, as large as the
Life, which bas never been done before
that I know of.

AF TER the Theory, in the Third
Part, you bave an Account of all the
wfeful Optical Inflruments and Ma-
_ chines, whofe Nature and Conferuction,

- are fully explained from the. Theory ;
: - and
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and their Ulfes exemplified by divers
and familiar Examples. In fbert,
whatever I judged curious, new, and
worth the Reader’s Notice, I bave in-
Jerted it all along 5 but fudionfly a-
" -woided all nugatory Remarks, and the
Minutie of zhe Art, on one Hand ;
and all offentatious Subtilties, and ufe-
lefs Difguifitions, that smay puzzle but °
not profit the Reader. My fole Defign
being to render the Study of this Science
as eafy, delightful, and as general, as
poffible ;s to effec which, I bave done
all that is is in my Power ;5 and I can
neither do nor [ay any more.

b - THE
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,CHAP L
DEFINITIONS.

1. PTICS is a Science which
teaches the Nature, Properties,
and Laws of Vifion, arifing from
the Rays of Light, cither 7e-

fleited from the Surfaces of Bodies, or re-

Jraéted in pafling thro’ them, and painting

the Images of Obje@s on the Retina on the

Bottom of the Eye. Alfo this Science, in it’s

moft extenfive Acceptation, comprehends the

whole Do@rine of Ligpt and Colours, and all

the Pbemmena or Appearances of wvifble Ob-
jeéds.  Optics, thcm:xﬁ&eth of three

Parts, wiz. Catoptrics, Dioptrics, and Chro-
matics. '

II. CaTorTrics is that Part which treats-
of Reflex Vifion, or all that relates to the view-
ing of Obje@s by Light refleZed from. the Sur-
faces of Bodies, whether plairn; ‘convex, con-
cave, or otherwife; and in Rays diverging,
converging, or parallel to each other.

- A IIL. D1or-



2 DEFINITIONS.

II1. DiopTRrIGS treats of the Properties of
Light and Vifion, ‘arifing from Rays paffing
thro’ tranfparent Media or Bodies, as Air,
Water, Glafs, Cryfial, Diamond, &c.

1V. CuromarTics treats of the Coburs
of Light and natural Bodies. Of this Part
Sir Ifaac Newton's Optics does almoft entirely
confift. :

V. LicuT is that Property of fome Bo-
dies by which Obje@s are rendered wifible, or
tapable of being feen by the Eye. It confifts
of very fmall Particles which iflue from the
.Juminous Body in ftrait Lines.

VI. Ravs or Beams of Light are thofe
Streams or Emanations of Light, which pro-
ceed from the luminous Body, and enlighten
or illuminate all. Objects fo that they may be

Jeen.

VII. The RapianT is that Body or Ob-
je@& which emits, or from which proceed, the
Rays of Light under Confideration at any
Time.

VIII. The Species of an Obje& is the
Image or Reprefentation thereof, made by the
Rays of Light in the Focus, or Place where
they unite, '

IX. ParALLEL
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IX. Paratrrer Rays, are fuch as proceed
equally diftant from each other thro’ all their
Courfe ; as thofe from the Sun, and other vaft-
ly diftant Obje@s. See Fig. 1. Plate I.

+ X. ConvERGING Rays are fuch as, pro-

ceeding from a Body, approach nearer and
nearer together in their Progrefs, tending to
one certain Point, where they all unite; thus
the Rays proceeding from the Obje@ A B to
the Point F, are faid to converge towards that
Point. Fig. 2.°

XI. DivercinGg Rays are thofe, which,
_ proceeding from any Point, as A, do conti-
nually recede from each other as they pafs
along in their Courfe towards BC. Fig. 3.

XII. The Focus of Rays is that Point to
which all Converging Rays tend, and in
which they unite and interfe@ each other ;
as the Point F, Fig. 2. And this is called
the Real Focus ; but

XIII. The VIRTUAL or imaginary Focus,
is a Point, as F, to which the Rays AB tend,
and where they would unite, were they not
intercepted by the Obftacle (fuppofe a Mirrour)
CD; by which Means they are turn’d afide,

and made to converge in their Rea! Focus F.

Fig. 4.
o Az XIV. Rk-

]



4+ DEFINITIONS.

XIV. RerrecTioN of Rays is their Re-
grefs ot Returning from the Surface of fuch-
Bodies on which they fall, and cannot pene-
trate or enter. Thns the Ray BC falling on
the Surface AD, is refleed or turned back
or up again in the Dire&ion CE. :

XV. The PLaNE of Refleffion is that in
which the refle@ing Point, or Surface, is fitu-
ated, as AD in Fig. 5. and a4 in Fig. 6 apd 2.

XVI. MirrouRS or Speculums are thofe
* Bodies whofe Surfaces are fo very fmooth, and
- fine polifh'd, as to be impervious to the Rays -
of Light which fall on them, and which,
therefore: they refle@ fo entirely, as to repre-
fent the Images of Objells oppofed to them.
Thefe are generally made of Glafs polifh’d on
one Side, and quickfilver'd on the other ; and
are either plain, convex, or concave.

XVIIL Prain MIrrours are thofe whofe
Surfaces are perfe@ Planes, and whofe Se@ion,
is a ffrait Line, as AD, Fig. 5. Note, thefe
are vulgarly called Looking-Glaffes.

XVIIL. ConvEx MiIRROURS. are fuch
whofe Surfaces do every. Way equally and.
uniformly rife above the Plane of their Bafes.
or loweft Parts; the Se@ion of which Sort of
Mirrour is a Curve, either Circular, Elliptical,

Parabolical,
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Parablical, ot Hyperbolical. See Fig. 6. where
AD is a Circular Se&ion, and the Mirrour
is the Segment of a Glbe, or Spherical Sur-
face, which are of moft common Ufe. As

XIX. Concave MirRrOURS are thofe
whofe Burfaces fink down with an uniform
Hollownefs or Curvity, below the upper Parts
A D, ‘and whofe SeGtion alfo is a Curve, as
various " as the Convex above; but AD in
FiF. 7. 18 circulary and it’s Surface the inter-
!{;&Part of ‘an bollow Spbere, as being moft in

XX. The IncipENT Ray is thit which
cornes from any Obje&, and falls on the re-
flecting Surface as BC; and CE is the refleifed
.7 ’ .

XXI. The AvcLE of INcIDENCE is that
which is contained between the incident Ray
B C, and a peérpendicular to the refleting Sur-
face in the Point of Refle®ion F C, wiz. the
Angle BCF. Fig. 5, 6, 7. ‘

~ XXIJ. The AncLE of REFLECTION is
that contained between the faid perpendicular
FC, and the refle@ed Ray CE; wiz. the
Angle FCE. Fig. ¢, 6, 7. ’

XXIII. Refraction of Rays is their be-
ing bent or turned. out of their firft Cour{c,
: Ag : i



6 DEFINITIONS.

in. paffing out of one Medium into another.
Let ADHI be a Body of Water, AD it’s
Surface, C a Point in which a Ray of Light
B C (in the Air) begins to enter the fame ; this
Ray, by the greater Denfity of the Water,
will be refifted, and inftead of pafling ftrait
forwards in it’s firft DireGion to K, it will be
bent therefrom, and made to defcribe the
Tra& CE, which is called the refracted Ray.
Let FG be drawn perpendicular to the Sur-
face of the Medium in C, then it is plain
the Ray BC, in paffing out of a rarer Me-
dium (viz. of Air) into a denfer Medium,
(viz. of Water) is refraled into a Ray CE,
which is nearer to the perpendicular CG, -
than the sncident Ray; and, on the contrary,
the Ray EC Paﬁ'mg out of a denfer into a
rarer Medium, will be refraGed into CB,
which is farther from the perpendicular.

XXIV. The AncLe BCF is the Angle of
Incidence, as before; and FFCG is the Angle
of Refraltion, as being contained between
the refrated Ray CE, and the perpendicu-
lar CG.

-XXV. A Lens isa Medium, generally of
Glafs, of a proper Form to collec? or difperfe
the Rays of Light which pafs through it
Of thefe there be various Forms, and which,
from thence, reccive divers Names. As

XXVIL A
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. XXVI. A Prano-Convex, which hath
one Side plain, the other Spherical or Convex ;
as (Fig. 9.) A.

XXVIL A Prano-Concave, plain on
one Side, and concave on the other; as B,

Fig. o. ‘
XXVIII. A DousrLe-ConvEg, is one Con-

. vex on both Sides; as C, Fig. 9.

XXIX. A DousLe-CoNncAvVE, is one Con-
cave on both Sides; as D, Fig. 9.

' XXX. AMEenN1scus, is one Convex on

~one Side, and Concave on the other; as E,

Fig. 9.
XXXI. The VErTEX of 2 MIRROUR oOF

" Lens, as A B, is the middle Point V, every

Way equally diftant from it’s Bafe. Fig. 10.

XXXII. The Ax1s of a Mirrour or Lens
is the Right Line ED, drawn thrd’ the Ver-
tex V, and the Center C, on which it was
defcribed.

XXXIII. The VisvarL or OpTic Angl,
is that which is contained under the two
Right Lines drawn from the extreme Points
of an Obje& to the Eye ; thus AEB or CED

A4 is
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'CHAP. I

The Principles of CaTorTRrICS and
DrorrTrics.

HAT 1 fhall here propofe and lay

" down as the Principles-of Optics; are

thofe things on which the following New

Thesry, both of Catoptrics and Dioptrics, does

chiefly depend ; -and which are in themfelves

very evident, or have been demonfirated by

Mathematicians, or confirm’d by Experiments ;

or laftly, are fuch as tho’ not #rictly or geome-
¢rically true, may neverthelefs he gffumed as

Jueh, without any fenfible Error.

Principre L

In very fmall Angles BCE, the Sine of the
Angle AD, the drch DB, and the Tangent

E B, ‘are wery nearly equal to each other.
Plate 2. Fig, 1.

For fuppofe the Radius CB divided inta
1a0000 cqual Parts, the Sine, the Arch, and
the Tangent, will each of them.be but 29 of
thefe Parts, when the Angle or Arch is but
one Minute of 4 Degree.  Or if the Arch be

: of

Y



10 The Principles of

of one Degree, it’s Length will be 17453,
that of the Sine 17455, and that of the Tan-
gent 17455, of fuch Parts. The Difference
being fo exttemely fmall, the Propofition is
evident. " _

Princrrrze IL

In every T'riangle, the Sides are proportional
2o the Sines of thesr oppofite Angles.

This is demonftrated by all the Writers of
Trigonometry. - And therefore, when thefe An-
+ gles are very fmall, they bave the fame Propor-

- tion with their oppofite Sides, by Princip. I.

Principre III. °

In every Plain Triangle BCD, (Fig. 2.) if
the Side CB be produced, tbe outer Angle ABD
Jhall be equal to the Sum of the Angles at C
and D. By Euclid’s 32d Prop. of Book I. .

PrinciprLE. IV,

. Let AB (Fig. 3.) be part of a Citcle de-
fcribed with the Radius CB; and EB an
Arch defcribed with the Radius DB, let CD
join the Centers C and D, and draw DE;
. this fhall interfe& the Arches in G and E, and

GE will be the Difference between DE and

DB.. Now it is evident the greater D C is,
the lefs will be GE, the Angle BDE remain-
ing

4




CarorTrics end DorTnics. i1
rmy the s the megyer the Pust E is 1o
?&?&‘ﬁ Diferemce GE; and there-
Jore, when E is cery mear to B, 1he jaid D:fe-
remce will ke very fmall, and & ; and
confoquently, the Lines DB and DE mey, in
Jach a Cofe, be aflzmed equal to cach ather.

Prixcirrx V.

the fame Plaze.

Prixcirre VL

Tbe Angle of Incidemce BCF i epel
to the Argle g’%@z FCE.(P!:'tc‘:.!;"zg. 3)

This is evident from Experiment.  See the
Phily Gremmar, Book L. Chap. VI, Nowe ®,
and is demonfirsted by Dr Greggery in his
Elem. of Catop. Prop. 1.

Priwcirrz VIL

ke incident and refraded Ray are bath in
the fame Plane.

PI;ICIPLI VIIL
Refralion cut of a rarer Mcdizm ints o
denfer, is made towards the perpendicalar ; and
vice verfa inte ¢ rarer Medixsm, See Defn. 23.

Prixcirrx




Xz MPh%ciples‘of
Princitie IX.

The Swe AD of the Angh of Tncidents
BCF, 4 vithor accurardly or very wearly in
a giom. or ownfions Ravoe, or Proportion o
the Sine HR of the Angle of Refraétion E CG.
Fig. 4. . S

-+ This Ratio of the Sies, when the Refrac-
tion is made out of Air intdo Water, is as
4 to 3; thatis, AD: HR:: 423, in Water.
When the Reftaction is out of A4ir into
Glafs, the Propostian is as about 17 to 11, or
more nearly, as 31 to 20, or as 77 to go; -
but for common Ufe, as 3 to-2; that is,
AD:HR::3:2, in Glas.. -, - -

. 1f the Refration be out ‘of Air into Dia-
imond, it isas s5to 2; and AD:HR::5: 2,
For the denfer the Medium is, the lefs will be
the Angle and Sine of Refraction, /

Princirre X,

Wherever the Rays of Light; wbich come
Jrom all the Points of any Objet, meet again
in fo many Points after they bové been made ts
converge by Refleliion or Refraction, there they
will moke a Pitture of the Objett upon any
whize Body on which they fall. ~ - .

' I
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Carorrrics and DIOPTRICS. . 13

Tt was neceffary to premife this as a Prin-
csple of Optics, tho! the Grounds and Truth
of it cannot, till after a few Pages, be made
to appear. ‘

. \ -

l_?lg ivcipLe XL

An Objeit feen by refleéied or refraled Rays
appears in tb{t PIa_ce,,J}:'om whence, after their

Aaft Refleition or. Refratlion, é’bf} Asperge I

Jalling on the Spetator’s Bye.
‘ Principrz XIIL

The apparent Magnitude of an Objedt is de-
termined or eftimated by the Magnitude of the
Optic Angle which st fubtends, or under whick
1t appears-at-the Eye of a Spectator.

Thus (in Fig. 11. Plate ) the Magnitude
of the Obje@ AB is eftimated or meafured
by the Quantity of the Angle AEB; fo is-alfo
the Object CD 3 but CD is greater than AB;
and fince they appear under the fame Angle,
it-is evident, the apparent- Magnitudes of Ob-
jects may be equal, when their true-or real
Magnstudes may be unequal in any given Pro-
portion. ' ’ :

"CHAP.
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CHAP IIL
The Thesry of CATOPTRICS.

1. E'T GE reprefent a Portion of a

Convex Speculum Mirrour ; C .it’s
Center; CA or .CE the Semidiameter or
Radius ; let D be a radiant Point in the Axis
of the Speculum, from whence D A, a Ray of
" Light proceeding, falls on the Point A, and
is refleted into the Dire@ion A f, tending to
. a Point F, it’s virtual Focus, in the Axis of
. the Speculum behind the Vertex E. Fig. s.

2. Let DE =d; CA=CE =7; CF
=z;and FE = f = r— z; and confequent-
" ly, ft+z=r=CE. '

3. Suppofe the Point A very near to E;
then will the Angles at D and C be very fmall,
and confequently will have the fame Propor-
tion to each other as their oppofite Sides A C
and AD have; by Princip. 1, and 2. But
AC = AE, and DA may be efteemed equal to
DE; by Princip. 4. Therefore it will be
ADC:ACD::CE:DE::r:d. |

4. Produce CA to I, fo fhall TA be per-
pendicular to the Mirrour in the Point of Re-
- fle@tion A; and therefore the Angle DAI
=1I1Af, by Princip. 6. But DAI=4JAC,

and




The Tbeory of CaTOPTRICS, 1§

and IAf=CAF, as being Angls at the
Vertex of two mterfe&mg Lines, by Euclid,
Book I. Prop. XV. Thercfore JAC_CAF
Again, JIAC=ADCH{ACD=r1{d, by

Pnnclpi and confequently the Anglc CAF

[ lntthmngle CFA (the Point A be-
ing very near E) the Anglesat A and C will be
very fmall, and will have the fame Propor-
tion as their oppofitc Sides F C and FA, by
~ Princip. 1, and 2; thatis, the Angle FAC:
© FCA::FC:FA: Bat in this Cafe FA may
be efteemed equal to F E, by Princip. 4, and
therefore the Angle FAC:FCA::FC:
FE::z:f

6. Bat the Angle at C is as DA or DE,

that is, as 4, by the 3d Step of this Theory 3

and the Angle FAC as r{-d, by the 4th
Step. Therefore f:z::d:d+r. And by
Compoﬁtnonof Ratio’s, f | =z f"zd—l-r
td;butffz=r, by Step 2. hereof ; and

therefore ifi:2d4-r:d; thcnmnluplymg

the Extremes and Means togcther, we have
dr = 2df-fr; dividing thlsEqumon b,
2 d-}-r, there refults this Equation

=f=EF.

7. Therefore in any Speculum, when r, or the
Radius of it’s Curvnty, and d, or the Diftance
of any Obje@ in the Axis thereof are known,
then £, or the Diftance of the Focus F from

the

4+r
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36 The Theory of CatorTRICS.
Vertex E, will alfo be known, or given, fof
all Rays proceeding from the Point D, -and

. fajling on the Mirrour A E on either Side the
* 8. This Theorem is applicable to the Cafes
of all Kind of Rays, reflected from all Sorts of
Mirrours, whether’ Convex, GConcave, or Plain;
and is therefarg the primary and -fundamental
Theorem of Catoptrics; from which I fhall
now deduce fuch particular Theorems as are
fubfervient to the Solution of all the different

. Qafes that: may arife from the threefold Variety
of Mirronrs and Rays,incident upon them.
And firft for - . ' ’

" CoNVEX MIRROURS,

9. Case I. Of DiverciNGg Rays. The
Ray D'A proceeding from a radiant Point D
in the Axis D C, at an indefinite Diftance from.
the Vertex of the Mirrour E, gives the Di-
ftance of the Focus F from the Vertex E, ac-
cording to the fundamental Equation, which
therefore I fhall call the firft Theorem, wiz.

d :
2d—;r =f. Theqrcm L -
' dr rr.

If d= r, we have =0=r

10. = r, we have Zd T+ T3 T3
=/f. Theor. 2. )
“If d=3r, then - - = 2 ,='t

Theor, .3.




The Theory of CatorTRICS 17

: dr frr r
. Ifd-—if, then éd—[-r_gr-}fr __;
=f. Theor. 4.

. ’ dr _ 4*r _'r

’ Iffij:'ir, theq z—d-{.-r’_: Py =3 .
= f. Theor. 3. : '

. From hence it is evident, - that the Point D
and F .do both approach. the Mirrour in a re-
gular Manner, till at laft they coincide at it’s
Vertex. o I

~ 11, Case II. Of PararreL Ravs. Fig.6.
If the radiant Point D be fuppofed to recede
from the Mirrour E, to a vaft or infinite Di-
ftance, the Rays D A, which ceme fronrit to
the Mirrour, will be: parullel to the Axis DC,
or very nearly fo; as is reprefented Fig. 6.
In this:Cafe, therefore, d or DA being infi-
nite, the Quantity r as being finite, will vanith
out of the. Equation: For no infinite Quantity
can be made greater or lefs, by the Addition
or Subftraltion. of any finite Quantity how:
great focver. - Confequently: the Equation-
dr - dr r f Thc‘br‘6 :
2J+r.'?:24 -2 ’ o
12. Case HI. . Of CoNvERGING Rays..
As in Diverging Rays the Radiant D.was al-
ways pofited in the Axis of ‘the Speculum, di-
rectly before it's Vertex E, fo .in Converging .
C B Igays,

~

- * s
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18 The Theory of CaTarTRICH

Rays, the incident Ray D A will tend towards
a Point on the Axis behind, or on the other
$ide of the Vertex, as at 4, in Fig. 7, 8, 9, 10.
And as the Diftance DE or 4, in the former
Cafe, had an .@rmatifve Sign, vz - d; fo
in this prefent Cafe, E 4 being on the con-
trary Part will have a contrary, that is, a za
gative Siga, thus — d; fo that the fundamen-
tal Theorem for Converging Rays will ftand
thus :__Z‘__ = f
—2d + r ) ’
- 13. In this Thearem, thg Dividend being
3 pegative Quantity, vz. —dr; and the
Divifor — 2 4} r, confifking of a negative
Paut—24 and an affirmative one 75 it ia
qvident, when . the negative Part exceeds tho
affirmative, the Quotient f will be affedted
with an affirmative Siir;; Ve I f, as before
but if 2 4 be lek than - 7, the Quotiene
will be.negative, viz. — £ that is, the inci-
dent; Ray D A will be fo sefleéted as o cone
vergg towards a Point £, in the Axis before
the Migreur, 2 i did t0., Point K, bebind,
it in the other Cafes.

14. This being premigd, & is plain the
Theorem for Converging Rays will admit of.
fous, confiderable. Vagetics, v

If 2d exceed r, then ——di—— =~ £
Theor. 7. Fig. 7. " ¢
T ¢




5

- —————.

—— . s .

72¢ Thesry of Catobrrics. 19
—dr —rr
Kd=1r thesg ——- - —
. > ﬂ-_.zd_,., —2r4r

=r=-+f Theor8, Fig. 3.

g

—_—r
—dr ) —1irr

 If = =
2d =7, then o p,
= oo f. Theor. ¢. Fig. 9. -

—dr
If 24 be lefs than r, ———nx = — £
2 ibury et
Theor. 10. Fig. 10,

+F [ Afficmative
Note,{oo f }qgn;ﬂcs{lnﬁnitc Focus,
—7) 3" Negitive

CoNCAVE MIRROURS.

15. As in Convex: Mirrours the Radius CE
hay on the Right Hand of the Vertex E; and
had an affirmative Sign, as ~r; fo in Con-
cave Mirroars; the Radius CE lying on thé
other Side the Vertex E, or to the Lef?, muft
have a negative Sign of Courfe, ot be repre-
ferited by — ;5 and therefore the fundamén:
tal Theorem for Concave Mirrours will becoms

—~dr
zd=r }

B a 16; Case



~ If2d be lefs than 7, then

20 The Theory of CATOPTRICS.

16. Case I. Of DivERGINS RAys.
The Theorem' is as above, and hath alfo four
Varieties, viz. »
—dr

2df-r

= +f
Theor. 11. Fig. 11.

—dr —3rr

If 24 = r,'then = — =wf

\ 2d—r o
Theor. 12. Fig. 12. '

—dr —_—rr
If d =r, then = =—r
2d—r 2r—=—-r

=—f Thcdr. 13. Plate III. Fig. 1.

—dr -
2d—r =—/r

If 2d exceed 7, then

Thear. 14. Fig. 2.
A 1& Case II, Of PARALLEL RAvs.:
Int

is Cafe, D A or 4 being infinite, the fi-

nite' Quantity  will vanifh where it is found

AN —d
by it felf; and the Theorem = will
. 2d—r

become —— = — = = f. Theor. 15.
Fig. 3.
18. Case III. Of Convnksme Ravys.

Here again the incident Ray DA will have
. . , the

&
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l Tbe Theory of CaTOPTRICS. 21

the Point of Convergtnce 4 on the other Side
of the Speculum; and the Diftance Ed or 4
mutft therefore have a negative Sign, or be —d;
mths&ﬁtbm,randdhnnghothagm,

the Theorem willbwunc-—ir——-
2d—r —2d—r
._fd Theor. 16. And ﬁntrﬂ:l:: Divifor
—2d—r is whally Quotient
or Focus for Ef, wx!lh.‘kg:mi: be always ae-
sttve, or before the Mirrour G E.

19. If d=r, then dr =17

—2d—r —3r

—— = =—f. Theor. 17.

—3
I d—3r, thn —°7 _ — 377 _
—2d—r —2r
g - . ‘Theor. 18.
If d=4%r, then M. L4
—2d—r —jr—r
= _r-;—.:.-_fl Theor. 19.
d
If d=4r, then T AT =




- 2d-vanithing, the Theatem

32 The Fheary #CAT@PTRIC&

PLAu; MIRROURS.

20. In Regard of Plain Mirraurs, or ¢ Look-
ing-Glafles, the Radius CE =r is infinste;
for we may confider a fmall Arch of Circlg de~
{ribed, with 2" waftly great or infinite Radius,
as a Plang; and. threfore the finite Quaptity

d_t_rbccoms

dr
';-T-zﬁ

21, Case 1. Of DiverciNne Rays,

d .
The Theorem is d =d=/f. Theor. 21.
: . T
Eig. 5.

-22. Cask 1L Of Pararrer Rayvs.
In this Cafe both 4 and r are infinite, and
therefore the fundamental Equation becomes

infinite. in every Part; and d—- =d= f infi~

nite, Theor. 22, Fig. 6.

23, Case IIL- Qf ConverGING RAvs. |

Here d or Ed being the Negative, the E-
: — .

quation is = —d=-—f Theor.23.
Fig7. .

L]

24. We

—

|
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5’
5,
2
g
3
o
el

::F:lr. 2d +fr(m5wp-6-)
ficent 4

25. For fuppofc the Radins CE =,
the Focus EF — f, were given to find
Diftance ED =d; we have from the faid

'%E

rour.
26. For a Concave Mifrour, the Radios be-
ing Negative, or — r, the Equation will be

zdf—l—dr-_—.ff,andﬁ) nwillhe-*

2f+r
=d. Theor. 23.

2. In the two laft Theorems, the Focus
is fappofed o be Affrmative, or behind the
Mirrour ; bat if we fuppofe it Negative, or
on the fame Side with the Radiant D, the
Equation, for a Conrvex, wxﬂbcdr—i-sz—

— fr, and r—f{:f—d‘ ‘Theor. 26.

B 4 28. Fer
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24 The Theory of CAT OPTRICS.
28. For a Concave, the Equation will be

2df—dr=fr; (for here both f and r

. . r

are Negative) thcrefqre we have Py d.
Theor. 27. '

29. If the Diftance of an Objet ED =4,

and the Focus E = f be given to find the

Radius of the Convexity or Concavity EC =r;

the original Equation dr =2df 4 rf will

be for this Cafe dr — rf = 2 df; and fo we

have for a Convex 24 — r. Theor. 28.

I—f
30. For the Radius of a Concave Mirrour,
the Equation will be fr——dr=124df; and

2df
{of-—d

= r. Theor. 29.

31. But here again if we fuppofe the Focus

Negative, or before the Mirrour, we fhall

have for a Convex, dr +{-rf=—2df; and’

—2df
d+f
32. And for a Concave, the Equation will

= r. 'Theor. 30.

be —dr—fr=—2df; and ﬂ:—_r

—d—f
Theor. 31.

CHAP

e
{
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CHAP IV.

Tbe Theory of CaTOPTRICS Comti-
tinued, for determining the mutual
Proportion- of the Obje& and it's

Image. '

1. ET DE be the Portion of a Convex
Mirrour, (as Fig. 8.) or of a Concave,

(as Fig. 9. Plate 3.) C the Center, V the Ver-
“tex ; OB an Obje&, and 1M it’s Image;. it
is required to find the Proportion between the
Obje& and Image, or the Lines OB and . IM.

2. From the Center C let fall on the Ra-
diant or Obje&, the perpendicular CA; and
from the extreme Points of the Objeéts O, B,
draw OC and BC, meeting the Mirrour in

" the Points D and E; thefe fthall be the Axis
in which will be the Focus’s of Rays proceed-
ing from the Points O and B. \

3. From O let 2 Ray O V pafs to the Ver-
tex of the Mirrour, and make the Angle
F VA = OVA, then fhall VF be ‘the re-
fle@ed Ray, by Princip. 6. which tending to

" the Point I, in the Axis CO, thall there re-

prefent the Image of the Point O of the Ra-

~ diant, by Princip. 10 and 11. Acoordingclx
~ the Ray BV will be refle@ted into VG, whi

interfe@ing

L4
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26 The Theory of CaToPTRICS

interfe@ing- the Axis CB in M, .will there
reprefent the Image of the Point B in the
Radiant. Confequently, all the Points be-
tween O and B in the Objet will be repre-
fented between the Points I and M ; and
therefore IM will be the Image of thic Ra-
dant or Objet OB. - -

4. ¥ we fppole the Radinnt OB very
fmall, or at a great Diftance, the Archkr or
Portion of the Mirrour ED will alfo be very
fmall, and not fenfibly different from a right
Line, and confequently wilt be parallel to the
Radiant B O, for C A is perpendicular to both
BOand ED. Alfo fince the Diftances O D,
AV, and BE, are very nearly equal, as be-
ing very near each other, it is plain- their
focal Diffances D'E, Vo, and EM, will alfo
e nearly equal; and therefore the Image IM
will be very nearly a Right Line, and paralle?
tv the Radiant OB'; and alfp perpendicuiar
1t CA. s

5. The Angle OVA = AVF = 4 VI,
and the Angle BVA = AVG = aVM, from:
the Nature of Refle@ion, Princip. 6: there-
fore OVA -+ B'VA. = a VI a VIM; that
i5, the Angle OV B = I'VM; that is, The
Radiant BO and it's Fmage 1'M am);edf.em from
the Fertex of the Speoulum Y aunder *equal
Angles. ‘

o gl The Ti‘ianﬁles AVOrand*aV I are equi~
ah‘%ular, and’ fimilar,, for the Angle OV A =
« V'], and the Angles at ‘A and 4, are riglit

ones ;

S




. w:&be
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ones ; confequently VA : Va::AQ : oL
For the fame Reafon VA:Va::AB:aM;
therefore VA:Vaq:: 0OA~-AB: 12+ eM
::OR: IM; that is, The Diffance of the Ob-
jeét is to the Diftance of it's Image, from the
Vertex V, a6 t Leugrbgftkogeﬂntbe
ngtbqftbelm e

#. Moreower, OA:lo:: AB: a M,
(for OA :Fa::AV: Vc..AB.cM,)
therefore OA: AB:1a:aM; that.)s,fne
Rudiant OB and if's Image EM are cut in
tkﬁmebyakzg&thCA,
drawn fo each.

s Fromwhathasbonptemnkd it i eafy

+ to raife a Theorem, #0 fbew ot what Dyfiance

any Objelt ought to be placed to bear any given
Proport;on t0 it's Image. Let the Object be O,
ns Image I, and the given Proportion be as
thcn O: I::dd :f, (by the Sixth of
I

this) angd therefore > =f But the funda~
dr

‘mental Theorem for the Fooua is ——— Py

dr

- = f, confequently g:-————, and B

2d—+r
2ddt-+Ydr =drO, thatis, 2d 1} Fr
= r0; and 24 I = O-r — I'r; and'confe-
quently for Convex: Mirrours, the Theorem -

If :u:d. . 'I,'booF. I

21
9. In
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.28 The Theory of CATOPTRICS.

9. For Concave Mirrours where r is nega-
tive, or — r, the Equation will be 241 = -

Ir—Or,and fo Ir:10r=d. Theor. 2.

10. For a Plain Mirrour, or Looking-
Glafs, where  is infinite, the finite Part of
the Equation 2 41, will vanith, or be O; and
then O7r—17r =0, and Or =17, thatis,
O=1 Theor. 3. :
" 11. If the Focus be required megative, or
on the fame Side of the Glafs with the Ob- ’
je@; the Equation will be for a Convex, (fbe- |
ing negative) 2dl = — Or — Ir, and ‘
—Qr—Ir '

21 -
12. But for a Concave, where r and f are
now both negative, the Equation will be

21d=0r-41r, and therefore 2-'-.-—_*2-:-

21
=d. Theor. .

13. We have hitherto confidered the Qb-
je& and it’s Image as Right Lines, which
have a_fmple Proportion to each other ; but if
the Objec? be a Superficies, or a Plane Figure, .
the Proportion between it and it's Image, will |
be duplicate of what it was before; for as in !
Lines, it was O : I::4: f; in Superficies it '

will beO;I:d’:f"g'andhcncc V:) z=—..f

=dr

=d. Theor. 4.
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- The Theory ofC;vrorfnxcs. 29

dr ; and fquaring each Side, we have

I-—d-’-=-4_;._;"——, and [ x2d4-r*=0xr2,

O 24+

. and therefore 2 d-}-r* =? x r*, and i)ut-

| ing-(i) ==p, and extralting the fquare Root

wehave 2d -7 = v 7* ; and confequent-
«/F —r

iy, d= —— \'f.[‘bcor. 6.
14. For a Concave Mirfour, where 7 is
negative, d = iﬁ-’;’-——- 1'. Theor. 7.

15. In the ‘fame Manner, if the Obje&
and Image are Solids, and confequently their
Proportion triplicate, viz. O:1::4d3: f3; it
is fhewn, that, for Convex Mirrours, d =

I
vpri~r. Theon 8.

2 . ]
16. Alfo, for Concave Misrours, where it

is — 7, we have d= v —pr3 1 r, Theor. z0.

2
17. If the Diftance 4, and the Proportion
of the Obje¢t and Image O and I, be given

* the Radius  of the Convexity or Concavity

of the Mirrour, for that Proportion is goh:e
. . d
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had from the fame Equation, viz. O#=21d_

o ‘ - 2ld
Ir:f —Ir=21d,and —— =7,
~1r:for QOr r z\I,an ="

‘Theor. 10. S o
18. For the Radius of a Concave Speculum,
the Equati&n is I#=-Or=21d,and z,l:d)»

g¢= r. Theor. 11.

19. If the Focus be reqhircd negative, or
before the Mirrout, the Equation for a Cons
vex willbe O 7 417 =-—214d; and there-

—21d -
: = r. Theor, 12,

z0. And for a Concave, the Equation is
"oald S

— =<7, ‘Theor. 13,
21. Again, from the Equation Or = 214
~- 17, when the Diftance of the Object 4,
and the Radius of the Mirrour 7 are known,
the Proportion between the Object and Image,
viz, O: 1is alfo known; for, in Cafe of 2
Convex, O :1::2d--r:r. Theor. 14.

22. And for 2 Conéave, the Equation bting
Or—21d=0r,wehave O:1::r—24d:r,
Theor. 15. ' = ‘ ~

23, If the Focus be negative, or —f, the
Equation for a Convex: will be O # == <= 214
—JIr; and fo, O : I: ¢ —2d=7r:2
Fheor. 16.

24. For -

SEaC D LTI e T TR CETTERROLNT ot ST smk b e e e are—3 R —-,.w‘
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24. For a Concave Speculum; the Equation
being Or —=21d~—1r, we have O :1::
2d—r:r. Theor. 17. '

25. Thefe are the principal Theorems in -

the Theory of Catoptrits, and moft of them
very curious, and of great Ufe. I {hall con-
clude this Theory with a very notable Qbfer-
vation, viz. That the mufical ar harmonical Pro-
portion is the Grounds of this whole Theory : or,
that the Center C, the Focus'F, the Vertex of
the Mirronr V, and the Radiant D, are bar-
monical Poiuts, by wbich the Axis or Line CD,
1s barmonically divided in the Points D,E, F,C3
S that DC:DE::FC:FE.
~ 26. For if we take it for granted, we fhall
have the following Analogy, DC (d—+4-r)?
DE()::FC(r~f1:FE(f); and there-
fore df {rrf=dr-—df,and fo adf4-rf
' r ‘ <t

. zd—{-#rwj;' wm is the fame
as the firft fundamental Theory, Chap. FIL
Art. 6, and this holds equally in Concave as in
Convex Mirrours. ‘This admirable Propesty
of Mirrours in reflecting the Light, was firfk
publithed by Mr Ditten, in N°, 295, of the
Phikf: Tranfaltons. .

= dr; and
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CHAP V.

© The foregoing Theory of CAT OPTRICS

explained and illuftrated, by familiar
.Rules and Examples. ‘

I,I SHALL here explain and illuftrate
the foregoing Theorems in Words at
Length, and give an Example, in all the prin-:
cipal ones, in Numbers, fhewing the Diftance
of the Focal Point, teal or virtual; . of all Sorts
of Rays, refle¢ted from all Sorts.of Mirrours.

2. I fhall likewife. thew low every thing
happens, by Schemes, as large as the Life;
and therefore, in Plate IV, I have given three
Schemes of Rays falling on g Convex Mir-
rour, where you are to obferve, that-A B is the
Mirrour ; CE the Radiys thereof 15 Inch;
E the Vertex or middle Point thereof; D the
radiant Point; and F the Focus to wbich the
Rays tend after Reflexion.

3. Note, the black Lines in thefe Schemes
denote the Rays of the Sun’s Light, as they
are feen to go-to and from the Mirrour in a
darkened” Chamber ; and the dotzed Lines de-

. note only the ‘Courfe or Tendency of the re-
fieted Rays, were they not intercepted by the

Mirrour. . A
o 4 In

A ]
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4. In the following Examples, I fhall fup.
1 pofe an Inch divided into Zen equal Parts,
|| which Parts are exprefled by the Numbets I-
'l fhall there ufe, every 10 of which will there-
|- fore exprefs the Length of an Inch, and the
Remainders will be the fenth Parts of an Inch.

i For Convnx anouns Plate 1V.

5. Case 1. For Diverging Rays, Scheme 1.
 Let there be given DE, the Diftance of the
i| radiant Point from the Murour, and CE, the
. Radius of Convexity, to determmc thc Di-
[' ﬁancc of the Focus F E.. \

U ~tﬁ:RULE

P Multx ly the: Diftance ‘and Radius together,
+  divide that Proau& by the Sum' of the Radius
' added to twice the Diftance, the Quotient
| 'will ‘be the Diftance of the Focus required,
(per Theos. 1, Chap. II1.)

EXAMPLE..

! CE=1 and CE = 15
i Let DE—3g 2DE = 60
i : Produce 4505 Sum 753
: then 75)450(6 = FE
. 450 :

C " So
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So that in this Cafe, the Focus F of the re-

fleted Rays GH, will be 6 Tenths of an
Inch behind the Vertex E. -

6. If the Diftance DE be equal to the Ra-
dius CE, the Diftance of the Focus EF will
be § of the Radius CE, per Theor. 2. If
DE bei, 4, ori of CE, then fhall EF be
1t or3 of CE, till at laft the Radiant D,
and Focus F, both coincide in the Vertex of
the Mirrour E. - See Theor. 3, 4, 5.

Case 1. For Parallel Rays, Scheme 2.

Wgen Rays fall parallel upon a Convex Mir-
rour, they are refleted in fuch a Manner, as
to have their focal Diftance F E juft-equal to
half the Radius CE; that is, EF = CF,

per ‘Theor. 6. Thus, for Example, if CE

be 13, then will FE be 7 4 Tenths of an
Inch. :

- 8. Cask II1. For Converging Rays, Scheme
III. In this Cafe, if the Diftance of the ra-

‘diant Point (which here is virtual, or behind

the Mirrour) and the Radius be given, the
Rule for finding the Diftance of the Focus is
thus. B

"RULE
Multiply the given Diftance and Radius to-

gether, and divide that Produ& by the Diffe-
rence between the Diftance doubled and the

. -Radius ;

T

i
.
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l‘ : The Theory of CaToRTRICS, 3§

Radius; the Quotient is the Ditance of the
Focus required, per. Theor. 7.

Note, if the double Diftance of the Ra-
diant exceed the Radius, the Focus will be be-
hind the Glafs; if it be lefs than the Radius,
the Focus will be before the Glafs. -

9. If the Diftance be equal to the Radius,

the focal Diftance will alfo be equal te the

Radius ; that is, thofe Rays which converge

towards the Center C of the Mirrour, will
be refleted back again upon themfelves, per
Theor. 8. : ‘

10. If the double Diftance of the Radiant

be equal to the Radius, or the faid Diftance be ~

equal to half the Radins, then will the focal
Diftance be infinite ; that is, Rays converging
to a Point in the Axis equally diftant from the
Center C, and Vertex E, will be refleted pa-
rallel to each other ; per Theor. g.

11. Let the double Diftance of the Radiant
be lefs than half the Radius ; for Example,

DE =15 and CE = 13,
Let {,43«_— > M E = o

Product 75 ; Diff, = 5;
then 5) 75(15 = Ef
75

" o

Cz ~ Here
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Here becaufe 2 dE is lefs than CE, the Fo-
cus f will be before the Mirrour AB; and
fince JE is § of CE, the focal Diftance E f
is‘equal to the Radius CE. See Scheme 3.

12. From hence, and a due Confideration
of the Properties of the firft and third Cafes,
it is plain they are converfive by the fame;
the incident Rays, Radiant and Focus in one
being but the reflefted Rays, Focas and Ra-
diant in the other. ,

For ConcavE Mi1rRrouRrs. Plate V.-

3. CASE'I. For Divergi):g Rays, Scheme 1.

Having given the Diftance of the Radiant DE,
and Radius CE, the focal Diftance is found
by the fame Rule as in the third Cafe of a
Convex. Only here obferve, that if the double
Diftance of the Radiant be lefs than the Ra-

~ dius, the Focus will be behind the Mirrour ;

if greatér, it will be before it.
. EXAMPLE
Let DE = 30, and 2DE = 6o,

« CE = 13, CE = 13,
- _Produé 450; Diff. 453
then'45) 450 (10 = FE.
450
L - Thag




The Theory of CATOPTRICS. 37

That is, the Focus F is 1 Inch before the
Mirrour A B,

14. If the Diftance of the Radiant DE be
equal to the Radius CE, then will the focal
Diftance be equal to the Radius alfo, per
Theorem 13. That is, if an Obje& be placed
in the Center of a Concave fﬁeculam, the
Image will be refle@ted upon, the Obje&, or
they will feem to meet and embrace each
other in the Center; which agreeable Phz-
nomenon is eafily tried by any Mirrour of
this Sort. ~ -

15. If 2DE =CE, that is, if the Di-
ftance of the Radiant be equal to half the
Radius, it’s Image will be refleed to an in-

finite Diftance; for the refle@ed Rays will be

parallel, per Theor. 12. Hence, if a lumi-
nous Body be placed at the Diftance of half
the Radius from a Concave, it will enlighten
Places dire&ly before it at the greateft Di-
ftances. And hence appears their Ufe when
placed behind a Candle in a Lanthern, and in
{everal other like Cafes.

16. Cask II. For Parallel Rays, Scheme 2.
In this Cafe the focal Diftance FE is always
equal to half the Radius CE, and before the
Mirrour AB; per Theor. 15. And fince the
Sun-Beams are parallel among themfelves, if
they are received on a Concave Mirrour, they

. will all be reflected to that Point, and there burn

C3 . 1o



38 The Theory of CaTOPTRICS. |
in proportion to the Quantity of Rays colleGed
by the Mirrour.

17. Case 1L For Converging Rays,
Scheme 3. ‘The Rule for finding the Focus
from the Diftance of the Radiant Point, and
the Radius given, is here the fame as in the
firft Cafe of the Convex; only as there the
. Focus F was always behmd the Mirrour, here

,‘zt is ever bcfore it.

E X A M PLE.
Let dE =15, and 2dE = 30,

CE =13, CE = 15
Produc 225; ~ Sum 453
then 45) 225 (5 =FE
- 225

LA

18. If JE be equal to CE, or $ CE, er
3y CE, or 4 CE, &ec. then fhall the focal Di-
ﬁance FE be equal to $ CE, 5 CE, 4 CE,
or  CE, &c. Asper Theor. 17, 18, 19, 20.
% From what has been hitherto faid of
the Properties of thefe Mirrours, and from a
View of - the Schemes, it is plam the Cafes of
a Concave, are but the Reverfe of thofe of a
Convex in an inverfe Order. ~ And it is more-
over ta be obferved, that in all thofe Cafes the
* Focus, and Radfant Pont mutually rcfpeél;:
Tic
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The Theory of CATOPTRICS. 39
each other, and may be interchangeably taken
one for another ; that is, in any Cafe, if we
take F for the Radiant Point, tﬁen will D be
the Focus of the refleted Rays. @

For PLain MIRRoOURs. Plate VI.

20, Caske 1. Of Dyverging Rays, Scheme 1.
In thefe Mirrours there is no l{adius to be
confidered, and the Diftance of the Radiant
Point D being given, the focal Diftance is
alfo given, as being equal thereto, ﬁ:r Theor.
21. That is, if D be the Point whence Rays
proceed, diverging to the Mirrour A B, they
will be {o refle®ed towards G H, as if pro-
ceeded from the Point F, which Point or
Focus F, will always be juft as far behind
the Mirrour A B, as the Point D is before it, |
and alfo on the fame Side with it. And this
is the known Property of a Plain Mirrour or
Looking-Glafs.

21.Case II. Of Parallel Rays, Scheme 2.
If Parallel Rays fall on a plain Mirrour, they
are reflected parallel ; and as the Radiant Point
D is infinitely diftant, fo alfo is the Focus F,
per Theor. 22, Hence the Sun being viewed
by Refle@tion in a Looking-Glafi, appears as
vaftly diftant behind the Glafs, as he really is

- before it.

Cs © 22, Case
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The Theory of CAT OP TRICS. 41

26. -Both thefe Rules regard the Focus be-
hind the Mirrour, if it be before the Mirrour,
the Problem will be impoffible for a Convex
Speculum, per Theor. 26, And -for a Con-
cave, the Rule is this, -

. RULE.

From twice the focal Diftance take the Ra-
djus, and with the Remainder divide the Pro-
du& of the focal Diftance into the Radius,
the Quotient will be the Diftance of the Ra-
diant Point, per Theor. 32.

27 If the Diftance of the Radiant and'the -
Focus be given, we may find the Radius of
the Gonvex: Mirrour by this :

RULE.

From the Diftance of the Radiant take the
.focal Diftance, and with. the Remainder di-
vide twice the Produ& of the focal Diftance
into the Diftance of the Radiant; the Qua-
tient is the Radius ef the Convexity required, -
per Theor. 28, :

28, The ‘Rule for ﬁndmg the Radius of
Concavity is this:

."’ RULEO

[
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| "RULE.

From the focal Diftance take the Diftance
. of the Radiant, and with the Remainder di-
vide twice the Produ& of thofe Diftances into
¢ach other; the Quotient will be the Radius
of Cancavity fought, ger Theor. 29.

29. If the given Focus be before the Mir-

cour, the thing is impoffible for a Convex, per

. “Theor. 30; but is éver poffible for a Concave,
and is found by this -

"RULE.

" With the Sum of the Diftances of Focus
'and Radiant, divide the double Produ& of
thofe Diftances; the.Quotient is the Radius
of Concavity, per Theor. 31.

'30. I-prefame it is needlefs to give either
‘Examples or Schemes for the Illuftration of
“thefe lgnles, if thofe for finding the Focus be

well underftood. I fhall therefore proceed to

the Rules for determining the Diftances necef-
~ fary for any given Proportion of the Object
-and Image, in the next Chapter, - ,

- , : C HA P-



~

ooooo

b e R —
e ~



e W e s @ l;‘ r'-—"'
&) F p 3

\1

- @
i “

8
e

-
[E--X)
T -
(X33
-
-
[E-- )
-

(
180 08)

-ﬁ&%% SRS X

.1 \ﬁﬁ"\’" “o‘ .é. -2 'Dﬂﬂ. . .1*- c*’ -%- In*. ‘

'I'W%‘ﬂ- R R e



[43]
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\ﬁ CHAP VI

RuLEs for detersnining the Dt'-

any-affigned Proportion to it’s Image.

E have now done with Radiant
Points, and are come to treat of

1.

Of Convix Mirrours. Plate VIL

" 2. Let OB be an Objet placed before a

nvex Mirrour F G, whofe gcn .

ius CE ; the Image of the Obje& will be

M, as is evident from what has been tanght
Chap. IV. Art. 1,2, 3. - .

~ 3. Now to find at what Diftance the Ob-

OB ought to be placed, that it may bear

y affigned Proportion to the Image IM,
have this Rule for Lines, -

RULE

From the Length of the Object take the
Length of the Image, multiply the Remamd;r
e S

- flance of an Obje, that fball bear

PRI VT T
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The Theory of CATOPTRICS. 45
‘RULE.

Divide the Obje@ by the Image, multiply
that Quotient by the Square of Radius; then
from the fquaré Root of that Produ¢t take the
Radius, half the Remainder is the Diftance
fought, per Theor. 6. Chap. IV.

EXAMPLE

Let the Radius be 20, and the given Pro-
portion of the Object to the Image be as 23
to1. Here ~ :

The Obje divided by the Image is 235

Multiply by the Square of Radius 400

Extract the fquare Root — — 10000( 100

: S the fquare Root
Subftra@ the Radius — — — — 20

The Remainder — — — — 8o

The half thereof is — — — — 40
the Diftance of the Obje& as required.

5. The Rule is the fame for a Solid, as for
a Superficies, if inftead of Square, and Square
- Root, we ufe the Cube and Cube Root, as per
Theor. 8. : '

EXAMPLE

Let the Radius be 20, and the Propor-
tion of the Objet to the Image be tha;
: . . o
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of 125 to 1; to find the Diftance of the Ob-«
je& in that Cafe. .

The Object divided |’

tl;e Imageis §. 125

Multiplied by the

Cube of Radius } 800

Extra® the Cube ] 1000000 (100 Cube
Root of Prod. (Root

Subftra@t Radius == ~— == 20
The Remainder =~ «— «— 80

Half thereof is ~— == — — 40,theDi-
ftance of the Obje& required.

6. Thus it appears that an .Obje&t placed
4 Inches before a Convex Mirrour, of 2 Inches
Radius, will ‘

A Line be in Propor-)5 to 1
If it be § A Superficies 3tion to it's $2¢ to t
A Soli Image as 125 t0 I

That is, the Diminutions of fuch Objeé&s are
in the Simple Square, and Cubic Proportions,
at equal Diftances from the Mirrour, as they
ought to be by the Rules of Geometry, which
likewife proves the Truth of the Rules here
laid down. ‘

7. From the 4th Theorem it is evident it
is impoffible to form an Image of any Object
before a Convex Mirrour.

8. Alfo it is impofiible to magnify an Ob-

ject by a Convex Mirrour, becaule the Image

being

-y










7Y

;" The Theory of CATOPTRICS, 47

g greater than the Obje&, cannot be taken
1 it, as the Rule above (in Art. 3.)
sires. Nor can the Image be ever equal
the Obje&, but when they both meet or
ncide in the Vertex of the Mirrour.
9. It is evident likewife, if the Object be
;ﬂe in refpe& of the Mirrour, that it's Image
ill aot be ftrait or phin, but carv’d, yet not
ircular .or concentric with the Mirrour by
7hat has been taught in Chap. IV,
' 10. Again, the Image formed by a Convex
Mirrour will be eref?, as- is eafily underftood
gom Chap. IV, and is evident from the
Scheme of this Plate. ‘

CoNncaveE Mirrours. Plate VIIL

! Let the Radius be 20, and the Propostion

I of the Obg& to the Image be as 1 to §, to

~ find at what Diftance the Objet muft be
placed ; this is the

RULE.

From the Image fubftra® the Obje&, and
multiply the Remainder by Radius; divide
that Produ& by twice the Image, the Quo-
tient will be the Diftance of the Obje& fought,
per Theor. 2,

.. EXAMPLE.

P o e e e =
\
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| RULE -

To the Object add the Image, and multi-

Sly that Sum by the Radius, divide this Pro-

u® by twice the Image, the Quotient will
be the Diftance of the Objec, ger. Theor, 5.

According to this Rule, ahy Objc&v may, in
this Cafe, be magnified or diminithed in any
} Proportion we pleafe. S -

. EXAMPLE

~ Let the Radius be 20, and the Proportion
of the Objet to the Image be as 5 to 1, td
find the Diftance of the Object. See Plate IX.

| Tothe Obje®t — OB =35, . .
i Addthe Image — IM =1, - !

P The Sum is — — — Z, L

| , Multiply by Radius CE == 20,

The Productis — — — 1203 ..
~ Then 2IM ="2) 120 (60 =A'E, the Di- -
ftance of the Obje& O B required, viz. Six
{ Inches. ' .

' . 14 But if IM be fuppofed the Obje&,
. then will OB be the Image, 5 Times larger
. than it; and the Diftance 2 E will be found
! 12, or one Inch and two Tenths,

D 15 I

!
I
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15. If the Obje& and Image are defired
equal, the Obje® muft be placed in C, the
very Center of the Mirrour; this is eafily ’
underftood from the Rules, and - is'vifible by
Experiment, and is, by the Way, 2 good
Expedient for finding the Center of the Con-

- cavity of a Mirrour. A R

16. The Image will here alfo be curved,
and it will be now #nverted, becaufe the Rays

crofs each other in the Center, and form it on
the other Side; the Reafon is phin- in the
Scheme, and from what has been taught in
" Chap. IV. of the Theory. - :
-17. It will now be no difficalt thing to-un-
derftand how Concave Mirrours make fuch
excellent Burning-Glaffes. Faor fuppofe the
Radius of Concavity be 2 Feet, or 24 Inches,
and the Diameter of the Mitrour 12 Inches.
It has been thewn, that the Image of the Sun
would be formed by this Mirrour at the Di-
ftance of 3 the Radius, or 12 Inches from the
Vertex. See Chap. V. Art. 16. Alfo the
Image being feen under th¢ fame Angle, as
the Qbje@ from the Vertex of the I\'%irrour
(per Chap. IV. Art. 5.) will there fubtend an
Angle of only 32 Minutes. The Diameter
therefore of this Image, by the Rules of Fri-
gonometry, will be found about. 1 Tenth of
an Inch, and the Diameter of the Mirrour be-
ing 12 Inches, the Squares of thefe Diameters
will be as 1 tu'14400; and confequently the
Denfity of ‘the Sun’s Rays in this Tmage
L _ . .. . {where
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The Theory of CaToPTRICS. §1°
(where they are all colleted) will be to their
Denfity on the Surface of the Glafs, as 14400
to 1, and their Heat will be in Proportion.
That is, the Heat of the Sun’s Ray, in the
Focus of fuch a Glafs, will be fourteen thou-
Jand and four hundred Times greater than be-
fore; and therefore muft needs burn very fu-
rioufly, and produce very great Effects. '

Prain Mlnﬁouns, Plath.

18. In Pain Mirrours, or Loeoking-Glafes, .
the Image I M will always be equal to the Ob-
je&t OB, at what Diftance foever it be placed,
per Theor. 3. It will alfo be erei?, and as far
behind the Glafs as the Obje& is before, as
hath been already fhewn, Chap. V. Att. zo.

19. Hence their excellent Ufe in reprefent-
ing Obje&s every Way like the Lifz; but this
is too common to be infifted upon. I fhall
only juft obferve, that the Mirrour being but
at half the Diftance of the Image, will com-
pleatly receive an Image of twice it’s own
Length ; and therefore a Man of 6 Foot height
may view himfelf entirely in a Looking-
Glafs of 3 Feet Length, and half his own

- Breadth.

20. If the Proportion of the Obje& and
Image be given, and the Diftance of the Ob-
ject from the Mirrour, the Radius of the Con-
vexity may be found for that Purpofe by this

Rule." , : o
- D2 R ULE.
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RULE

Multiply twice the Diftance of the Objed
by the Image, divide that Produt by the Dif-
ference between the Object and Image, the
Quotient is the Radius of the Mirrour, per
‘Theor. 10.

Note, the Focus is here behind the Glafs,
and it is impoffible to have it before, per
Theor. 12.. . ‘ '

21. The fame things given, the Radius of
‘Concavity is found by this -

R ULE.

Multiply twice the Diftance by the Image,

~and divide that Product by the Difference be-

tween the Image.and Objet, the Quotient is
the Radius required, per Theor. 11.

The Focus here being behind the Mirrour,
the Image will be greateft. But if the Focus
be required before the Glafs, the fame Rule
finds the Radius, if, inftead of the Difference,
you take the Sum of the Object and Image,
per Theor. 13. -

22. In the laft place, if the Radius of the
‘Mirrour, and the Diftance of the Obje& be
given, then may the Proportion between the

~(})lpje¢'t and Image be found for a Convex, by
this '

ANALOGY.
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ANALOGY.

" As twice the Diftance added to the Radius,
is to the Radius; ' '
So is the Object to the Image, per Theor. 14.

23. For a Concave, the Proportion will be
found by this

ANALOGY.

As the Radius leflened by twice the Di-
ftance, is to the Radius;
So is the Objec to the Image, per Theor. 15.

24. If the Focus be réquired before the
Glafs, the Analogy is this.
!

ANALOGY.

As twice the Diftance, leflened by Radius,
is to the Radius;
So is the Obje@ to the Image, per Theor. 17.

25. I fhall exemplify this laft Cafe of a Con-
cave Mirrour, as being the moft frequent and
curious, ' N

Let the Radius be 20; and the Diftance of
an Obje&t from the Mirrour be 130; then
twice 130 is 260, from which take Radius
20, there will remain 240; then fhall the
Object be to the Image as 240 to 20, or as

v D 3 12
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CHAP L
Tbe Theory of DioPTRICS.

1. [ N Plate XI, Fig. 1. Let L N reprefent

a convex Lcns, Df it’s Axis, D a Ra-
diant Point therein, DA a Ray oceeding
from thence to A, a Point in the Surface
LBN, C is the Center of the Convexity of
that Surface CG being drawn through the
Point A, is a perpendicular to that Surface in
the Point A. CA or CB is the Radius, Af
is the refracted Ray, and f the Point where
it meets the Axis after the firft Refraction.

2. Let DB=4d, CA=r, EB =1, the
Thicknefs of the Lcns and let the Sine of
the Angle of Incidence DA G be called I,
and the Sine of the Angle of Refrattion CAf
or GAH, be called R.

3. Now fince the Point A is fuppofed to
be very near to the Vertex B, D A may be
efteemed equal to DB = d, by Princip. 4;
and in the Triangle CA D, we fhall have AD
to AC, as the Angle C to the Angle D, per
Pnncxp 1.. Thatis, d;r:2C: D,

4 Alfo
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4. Alfo DB+ BC =d-}r, will be as
the oppofite Angle CAD or DA G, for the
Sine of both is the fame. . ~

‘ -dR--rR

5. Thenas I : R:edtr: T

which will be as the Angle CAf; this taken
. from the Angle ACD = d, leaves the Angle
dI—rR—dR
AfD = ; .
6. Laftly, As the Angle f:D:: AD or

~ dl—rR—dR
DB:Af or Bf; that is, as l ,

I
rdl
cesraad: TT—R—4R
ftance of the Point f, in the Axis after the
firft Refleion. S
=., But fince there is a fecond Surface LEN
of the Lens, there muft neceflarily be a fecond
Refraction of the Ray A D, to fome other
Point in the Axis, as F; fee Fig. 2. Let K

be the Center of this fecond Surface, and K1

- a perpendicular thereto in the Point a, from
whence the faid Ray is refracted to F. In
this Cafe, the Refrattion being out of a denfe
into a rarer Medium, the Sine of Incidence will
be to that of Refra@ion, the reverfe of what
it was before, viz. as R to I; that is, the Sine

of Iaf is to the Sine of IaF, as R to I.
8. Herelet Ka becalled r, Ef = 4; and
then will be, asd:7r::K:f. And Ef -~
: - . EK

= Bf, the Di-

1
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EK = d -} r; and this will be as the Angle

‘faK, or it’s Complement I af; therefore R :

I::d—[—r:dlz-rl, which will exprefs

the Angle IaF.
. I
9. Then IaF —aKF = d;ir —d

= dl—{_:—dR-_—.aKF. ‘Now as F :

K ::Kaor KB:aF or EF; that is, as
dI—[—rI—--dR‘d” Rdr

R~ T T I—4R
—=EF. -

10, But Bf — BE = 91T

_ . dI—rR—dR
—t=d=Ef, per Art. 6.
11. Therefore, putting I—R = O, we fhall

drl dri—dOt-}-rRt

) d= —y = e
e d = R T Jo =R

‘drIRr—dotRr+}rtRR~

12. Alfo dR r =. 70 —R .

13. Again dI-}-7I—dR=do¥rI;
if then we multiply the Equation, Art. 11. b{
O, and add thereto 7 I; we fhall have /1~
drlo—doto4rRto<-dorl

do-r-tR

—dR=
~—ItRIr

14. Then
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dRr

J1I+rI—dR
drIRr—dotRr-}-rtRR~

drlo—doto}rRto+4dorI—rRl1r

14. Then

1§. This laft Equation may be abridged, by
fubftituting p for %, that is, for i

R’ then

—pd
thall we have pdrIr—pdotr—4rtRrp

A drI—dott+rRt4drl—prlr
=EF. :

16. Laftly, if now we take R =p O, in
pdotr; and I—R =0 in dot; this E-
quation will be finally reduced to this funda-
mental Equation for all Drgptrics, viz.

pdrrI—dtrR--rtrpR
rdrl—dtl4-dtR4rtR4-drl—prrl
=EF =f

17. The Ratio of I to R being in Glafs as
R 2

—R  3—2

=2

3 to 2, we fhall have i
= p, for a Glafs Lens.

18. In Water, the Ratio of I to R being as
- 4to 3, we fhall have p = 3 ; and in Diamond,
. . the
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the Ratio being as 5 to 2, p will be = 4.
Wherefore, if inftead of p, .I, and R, we
write their Value in Numbers in the forego-
ing Equation, it will then be fuited for a Lens
of Glafs, Water, or Diamond. But I fhall
only regard that of Glafs, for which it will

6drr —2dtr 44trr

ftand thus; i
and thus "”z‘3d,+3dr—dt+2rt—6rr

=EF=f

19. We fhall now ada pt this Theorcm t0
‘the Cafe of (a Glafs Globe, Glafs Hemsi/[pberes,
and all Sorts of Glafs Lenfes, for all Kind of
Rays, as follows.

For A GLoOBE.

20. Case I. Dwergmg Rays, Fig. 3. Here
r=r, and t=2r; that is, both the Ra-
dius’s being equal, and t the Thicknefs being
equal to twice the Radius; the Equation
in Art. 18. will be reduced to this Form

drtg4rr
——————— ={f. Theor. 1.
2d—r f

21. CAS e II. Of Parallel Rays, Fx
In this Cafe d being infinite, the Parts o the
Equanon will vamfh whcrc it is not found,

confequently it will be -a =—= f Theor. 2.

22, CASE
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22. Case IIL Of Converging Rays, Fig. ¢.
. Here d being negative, or —d, the Equation

- will be ——— —drf4rr =/ Theor. 3.

—2d—r

For an Hnmxspann.z.

g Casek 1. Of Diverging Rays, Fig. 6.
If the convex Part be towards the Radiant
Point D, then will the Radius » be infinite,
and t=r; and the Equanon will become

—4d
;dr_:{;:'”-—f Theor. 4.

24. Caske II. Of Parallel Rays, Fig. 4.
4dr

Here d being mﬁmte, we fhall have -—d—
3

25. Case 1. Of Converging Rays, Fig. 8.
Here d being negative, or —d, the Equation

d
will be —2 r+4”=ﬂ Theor. 6.

" 26. 'If the plain Past of the Hemifphere be
.expofed to the dexant, there will be for -

Casek
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Cask I. Of Dwergmg Ray.r, Fig. 9-

d
.6_.:_-.*:‘?.2' ——f Theor. 7.
3d—3r

27. Case II. Of Parallel Rays, Fig. 10.

6dr 6
=l r=ar=f Theor. 8.
3d -3

28. Cask I1I. Of Diverging qu:, Fig. 11.

—6dr-t4rr :
— = f. Theor. g.

29. Note, if from the focal Diftance 2r
in Art. 27, we take 2r in Art. 24, there will
remain 47, which will be the Difference in
turning the Convex and plain Sides of the
Hemifphere towards the Sun-Beams.

For Dousre CaNvEX Lnuszs.

30. If the Lens be convex on both Sides,
and the Radis of the Convexities unequal, and
the Thicknefs confidered, we fhall have for

Case L Of Diverging Rays, the fun-
damental Equation it felf, wviz.
6drr—adtr-4trr —f Thcor.
3dr+3ér—-dt+zrt-—6:r
10.

31. Case
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~ 31. Cask IL. Of Paralle] Rays, where d is
- 6drr—a2dtr  b6rr—ztr

3dr+ 3dr—dt 3rt3r—t
=f. ‘Theor. 11. .

infinite,

32. For 'que'rging Rays, where d is
negative, or —d; "we have . ..
—6drr—2dtr—4trr =
—3dr—3drfdtfart—6rr 7
Theor. 12. '

33. If the Thicknefs of the Lens be neg-
lected, as inconfiderable, which it vety well
'may, and always is in common Ufe; then all
thofe Parts of the Equation where t is found
will vanith, and it will become for

Case 1. Of Diverging Rays, Fig. 12,

~ 2drr Th
dr—d7r—2rr =/ eor- 13-
* 34. Case IL. For Parallel Rays, Fig. 13.

2drr 2rr’ Th

<1r—|-dr= r—l—-r_f: cor 14

35. Case 1IL For Converging Rays, Fig. 14

2drr .
=f. Theor. 15.

' dr—-dr--2rr

-




Case I Of .l.)z'fz.Jergz'zzg R&:y:, Fig. 18,
- 6dr—adt4tr : '
1d—6r — = J« Theor, 19.

E 40. Casg

p
i
A
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. Cask TII. ; i N
’r 352 dz:.;E IL For Converging Rays, Fig. 14, |

‘d‘rﬁ-'dr.-}-zrr' =JTI Theor. 15,

36. If T
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36. - If thc\ Radii of the Convexities are
equal, that is, r—=7, and the Thicknefs of

the Lens, or t *, be negle@ted; then will the
Equation be very fimple, wviz.

 Case L For vaerging Rays, Fig.' 13.
Plate XII. dd' =/ ‘Theor. 16.

—

37. Case II. For Parallel Ray:, Fig. 16.

38. Case III. For Comverging Rays,

' d
| Fig. 17. d_;-',:..-‘--_.f Theor. 18.

For a PLaNno-Convex LENS,

b 39.1f the Convex Surface be expofed to the
} Radiant, » being infinite, the Equation will
be for

Casz I Of Diverging Rays, Fig. 18,
6dr— :
- 3 dz_d-tb:l__ 4".=f. Theor, 19.

E 40. Case
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40. Case II. PorPargllel Rays, Fig. 19.

o — t . . .
6r—z =zr—-—§t=ﬁ.Theor.zo;

3 o
41. Casz IIL For C’anvetgmg Rays,
. -6dr—|—-zdt+4.tr
. = heor.,
Fig. 20. —3d—6r =f T eor.

21.

42. If the Thicknefs of the Lens t be neg-
'le@ed, as is ufual, the Theorems will be more
concxfc, vz,

d
" CASE I For Dwergmg Rays, F. — f

Theor. 22, T

]

-

Case IL For Parallel Rays, _ﬁ =27

' z:f Theor. 23.

2dr

Casz IIL For Converging R
ASE or Converging Rays, < Tar

=7 ‘Theor. 24.

43. If the plain Surface be turned to the
~ Radiant, in which Cafe r will be mﬁmte, we
{hall havc

CASE'

B
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Case L Far Diverging Rq:, Fig. 21.

- 6dr—-4tr
3d+zt—-6r='ﬁ Theor. 23.

444 Case IL. For Parallel Rays, Fxg. 22,

6dr

?&- ==gr=/f ‘Theor 26.

45. Case III. For Cmergmg Rays, Fig. 43,

—6d-{-4tr
‘-—3d+2t-—-6r=j: Theor. 27.

" 46. If the Thicknefs, or t, be neglecied,
we fhall have

Casr. L For Diverging Ray:, 2dr

Theor 28,

C ase IL For Parallel Ray}, 2—(}-: =2r

=j. Theor. 29.
2dr

Case IIL For Comverging Rays, it :

rsx f Tl’to‘- 300
47. From the Thcorcms in, Art. 40 and 44,

it appears, that the focal Diftance is greater
Ez2 by
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by 4t, when the plain Side of the Lens is
tarned towards that of the Sun Beams, than
" when the convex Side is.

For CoNCAVE LENSES.

48. If it be a double Concave, whofe Ra-
du of Concavities are unequal, and the Thick-
nefs confidered ; each Radius having, in this
Cafe, a negative Sign, the Equation will be '
for '

Case I Of ..Dz'verging Rays,
| 6drr—t-2dtr—-4trr = f
—3dr—3dr—dt—2rt—~6rr *
‘Theor. 31.

49.CAsE II. Of ParallelRays,
= ﬂ Theor. 32.

so. Case IIL. Of Converging. Ray:,
_6drr—zdtr+4trr _ .
Jr-Fadr Fdt—zrt—bry S TheOr 33

- g1, If the Thicknefs of the Lens, or t,
be negleed, which in Concaves is moft in-
confiderable’; the Theorems will be much
thortened, and ftand thus;

6rr+étr
e L L

Casek
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Case L For Diverging Rays, th 24.
2drr
=f. Theor. 34

—dr—dr—zrr

52. Case II. For Parallel Rays, Fig. 23.
2rr

- §3. Caske 11 For Converging Rays, Fig. 26.

—2drr ,
dr+dr--zrr—f' Theor. 36.

54. Moreover, if we fuppofc the Radii of
Concavities equal, that is, r = r,, we fhall have
the Theorems #till more abridged thus ;

Case 1. For Diverging Rays, Fig. 27.
dr =—.f Thex. 37.

55.°Cask II. For Parallel Rays, an. 28.

f_‘a.'....n_—.f Theor. 38.

_ 56-Case II1. For Converging Rays, Fig. 29,
—dr .

d__ = f. - Theor. 39.

E 3 of
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of a PLANO-CONCAVE 'Lr.Ns'.“"

57. If the concave - Surface be towards the

Radiant, r being mﬁmtc, we fhall have the

‘Equauon for - o y
Case L Of Dwergng Ruy;, Flg 39,
—6dr—2dt—4tr
3d+6r .._f Theor 4.0.

58. CasE II. Of Pamllel Rays. F’g 31. ‘

—6r—2t
.3 § ,
* 59. Caée I‘II Of Convergmg Rays, Fxg 33,

6dr—t2dt—gtr
T=3dAr --f Theor 42.

6. If the Thicknefs of iie-Lens be neg
lc&cd, the Thcp_rcms will be thus abfii'lg'ed.-

oh — d
Case L. For Dwergmg Rays, -2ds: f :
T e
Theor 4.3 . .
2dr.

.. Case IL For Parallel Rays, — 3
—2r ==/ Theor, 44,

B

C-éﬁli

_-—.-.--27-- ;‘t --f Theor 4.!. '

e o e e _1..-_-.--.....;.,;:-.“
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2dr

Case IIL Fa'CoMgngRq:, —3

Case I Of Dzvergngq: Fig. 33.

—6dr —4tr
Plat
e XIIL. 3dtzct 67 f’l'heot4b.

' .6?12 Casx 1L Of Paralid Rays, Fxg.34.
——-3-’5—-zr—f Theor. 46.

63. Case 1. Of Converging Rays, Fig. 3 5.

6dr—4tr
adtarter S, Theon 47

64. If the Thicknefs t be negle@ed, thefe
‘Theorems will become for :

—2dr

d-+4-2r

Case L. Of Dmergng Rqs,
Theor. 48.

=

—2dr
d

Case II. Of Pgralld Rays,

~2r=f Theor. 49.
o / ég.;. Casz
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| 2dr
2r—d

Case IIL Of Converging qus,'
=f. 'Theor. so. |
.- Fora MENISCUS,

65. If the Radii of the Surfaces are un-
~equal, and the convex Side expofed to the
Radiant, in which Cafe r will be negative,
we fhall have the Equation for ~

" Case L of 'D}'verging Ra'y:,»

—05 . —

: d.tr—l_ 2dt.‘r’ “t'tr,r_ =/f. Theor. 51.

3dr—3dr—dt-f-2rt--6r7
66. Case IL Of Parallel Rays, -

—brr—+2tr :
~3ﬂr——3—rk—-'-'t = f. . Theor, 52.

67. Case III ‘of Cowqrging_Ray:,’
6drr—2dtr—g4trr £

—3dr—43dr--dt f2art{0rr =/
Theor. 53.

© 68. If the Thicknefs ¢ be negle@ed, the
Theorems will be for

CasE I Of Diverging Ray:; Fig. 36.
fe—2drr .

'dt_—-dr-{-gr(=f Theor. 54.

6g. CASE
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69. 'Cask IL Of Parallc] Ra;:, Fig. 37.

—2rr
— —f -Theor. §5. ‘
20.CASE III Of Com:ergmg Rays, Fig. 38' |
2drr

dr——dr—f—zrr'—f. Theer. 56. ,

71. If the Radius of Convexxty be equal to
the Radius. of Concavity, viz. r=r; and
;l;e Thicknefs t ncglcé'tec;, the Thcorcms will

for

Case I Of Dwergmg Rays, Fig. 39.
—-2drr=-_d "'f Theor. s

224

72. Casz 1L Of Paralll Rays, Fig. 4o.

~—-21’1’

. 73. Case IIL. Of Cmmgngays, Fig. 41.
d
Ry = f. 'Theor. s59.

2rr

74~ If the concave Side be expofed to the
Radiant, and the Radii of the Surfaces un-
equal, r being in this Cafe ncptxvc, we fhall
have the Equation for

Case
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Case L Of Diverging Rays,

—6drr —2dtr—ygtrr
— 3dr +3dr—dt—2rt+6rr
‘ Theor 6q. : _

75, CASE II. .Of ParaIIeI Ray:,

—brr—ztr
-—3r+3r-—t_‘ﬁ Theor.6x.,
76. CAsE III. Of Comrgmg Ra]:,
6drrt2dtr—gtrr . Th
3dr—3dr+dt-zrt+6rr = /- Theor.

7. 1f we negle&t he Thickaet t, we thall

have for

-—2drr

CASE I Of Dwergmg Rd}fa dr—drt-
~Qr 21' f

=f Theor. 3.

78 CAsE IL Of Parallel Rays, =

re—r
;-' J Thcor 64 :
79. Case IIL OF Convergmg Rays,

2drr "
Py pprepyys = Theor. 6s.

c | 8o, If




[ The Theory of'onprgr'cé. Ri{E

| 8. If the Radins of Concavity be equal to
} the Radius of Canvexity, and the Thicknefs
t neglected, ' we have for .

we2dre’
2rr

Case L Of thrqu’ Rays,
" —d =, Theor, 6.
e —arr

81, CAsE IL. of Parallel Ray:,
= Theor. 67. '

drr

PR

825 Cass TIL Of Cm'vergmg Rays, —
- =d —-f Theor. 68,
' FOl'aPLAIN LENS

et er——

P

83. ‘This being no other than a Piece of
‘commeén .phin Glaft, “whele Surfaces are
ralldl Planes, the Radii rand 7 being both in-
ﬁnite, the: Bq\iationf in Att. 18, will become

" Cas z 1, Of D:‘vergmg Ray:, Fig. 42.
6‘”""" =d ft=—f Theor. 6.

84, Case II. Of Paralkl Rays, Fig. 43.

8d f Theor, 70,

9 85. Cass
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85. Case III. Of Comverging Rays, Fig. 44—

" —bd »
.f_.%__ﬂ—.:d—g'g-;-_:ﬁ f;‘hebr.7.r.’ i

86, If the Thicknefs t be négle@ed, the

Theorems will be for o o
' T 6d

Case 1. Of Diverging Ray,c,_-—z =

=f. 'Theor. 72, .
o 6d s

8y. Case II. Of Pgrallel Rays, == £
‘Theor. 73. ' y |
88. Case III. OfComtberging Rays,
=d = f Theor.i74.' S '
89. Thus much for finding the Fui of
Rays after Refracion. . If the Foeus bé given
with either the Diftance of the Radiant,
Radii of the Convexities or Concavities, ' or
the Ratio of Refrattion, the reft may be
found by Theorems raifed from the fame

fundamental Equation in Art. 16, which, if t

be rejected as inconfiderable,” will ftand thus,
' 2 drr _

drtdre—prr J- And when reduced

we fhall have pdrr=drf-{drf—prrf.

go. If

—6d
—6
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go. If now f; r, r,f given, d will be
thus found, prrf rf-kdrf—pdrr;

prrf
'and therefore it will be T —pr =
Thcor 76. '

91 If £, 1, 4, andpbegml,rmllbe
found from this Equation prrf -t pdrr

_ : . drf
—drf_.drf, for then P pdr—df

=7, Theor. 77.

92. If r be requn'ed, the Equation will
e prrf—]—pdrr-—drf (l;:gf, and fo
f .

= 7. Theor. 78.

prftpdr—df

If £, r, r, and d be given, the Equation
forpwxﬂf prrf-{—pdrr—drf-l-qu;rf,

and hence.we fhall have M =p
Theor. 79.

rrf-l-drr

94. Having found p, the Ratio of the Re-

fralion is eaﬁly known ; forp =

—-R" and

therefore Ip—Rp——R and fo Ip...R-l- Rp;
whence I: R::p-1:

95. If

Wasldds. * .. . .
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CHAP I

. The Theory of DiorirICs cantmuea’

for dstermzmng the mutual Propor—
 tiow of the Obje& and Image.

ET LN be a double equally convex

Lens, Plate XIII,. ACa it's Axis,

OB an Objed in a Pofition perpendicular
thereto.

2, From the Exmmny of the Objeé't 0,
fuppofc a Ray OF fall upon the Lens in fuch
2 Point F, that by it’s Refra&tion in the Glafs,
it be made to gafs through the middle Point -
of the Lens C to G; atGmwnllbe o re-
fraGed to I, that the Ra G I {hall be parallel
to OF. This Ray OC I will be the Axis of

-all the Raye which fall on the Lens from the
.Point O, and I will be the Focus where they

will all be colleted, by what has been before

taught.

3. In like Manner BHCK M is the Axis
of that Pencil of Rays, which proceed from
the Extremity of the Obje&t B, and their Fo-

 cus, fuppofe at M. Then fince all the Points

in the Obje& between O and B, muft neccﬁ'?-;
rily
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rily have their Foci between I and M, IM
will confequently be the Image of the Objest
O B, per Princip. 10'apd 11.

4. From the Vertices of the Lens D and E
draw the Lines DQ, DB, and EI, EM, and
produce the incident Ray OF, till it meet the
Axis in d, and the refracted Ray IG, till it
cuts the Axis ih ¢; now fince Od and 1e are
both in the fame Plane, ‘and parallel to each
other, from the Nature of Refrattions, the
Angle Od A will be equal to the Angle Iea;
and fince the Points d and e are both within
and near the middle of the Lens, it is evident -
_that if the Thicknefs of the Lens be very
fmall or negleed, the Angle OdA will be-
come equal to ODA, and Ieaequalto IEa;
and confequently the Angle OD A will be
equal to the Angle I Ea. In like Manner it
is thewn the Angle BDA == M Ea. And
therefore the whole Angle ODB=MEI.
From whence it follows, Thaf thé Image 1 M
appears from the Vertex of Emerfion E, under
an Angle equal to that under which the Objel®
appears from the Vertex of Incidence D.

5. 1f the Obje&t O B be very fmall, or at a
_great Diftance, fo' that the Points O, A, B,
" are nearly at an equal Diftance from the Ver-

tex D ; then will their correfpondent Points
I, 2, M, be very nearly in the fame Plane;
and the Image 1M parallel to the Object O B,
and perpendscular to the Axis A a,

6. In
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6. In this Cafe, the Triangles OD A and
I Ea are fimikr; for they arc equiangular,
fince the le D—=E, and A==2, as be-
in bothrig ones,andthctcforcO:l;
and confequently DA: Ea: AO:1a; for
the ame Reafon DA: Ea:: AB:aM. Buat
DA:Ea::0A-}AB:1a-}-aM::0B:
IM. That is, Tde Diffance of the Objed is
#o the Diflance of the Image,-as the Length of

* zbe Objel? to the Length of the Image.

. Alfo AO: AB::12:aM; thatis, TP
Objett and it's Image are divided proportiondlly
by the Asxis of the Lens Aa.

8. Call the Obje@ O, it’s Image I; the
Diftapce of the Obje@ and it’s Image, d and f;
as before ; then will it be O:1::d:f, and
, Id '
tbcl'eforea-:f Buot for the Cafe of 2
double and equally convex Lens, whof Thick-
mefs is inconfiderable, we before found f =_;
dr . 1
i Chap. L .Thcor. 16. ‘Therefore o

dr

; and foIdd-——~1d r=drO, that
—r

is, Id—Ir=7r0, and Id=7sI14Or;
. . rI-1--Or ..
and confequently T = d. Theor. 1.
9. If the Objed be a Surface, the Ianage
will be fo too ; and their Proportion duplicate

of the formeér; that is, O : [::d*:f*; and
- F - hence
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r—d—
hence d —=f = -——‘-' ; and fquating
Id:. dz 2
- each Side, we have —O— = a————r—=2, whichre- |

{olved is, de——r—-OXr‘ henced-—r
| -—EI)-xr’ put -__p, thcn d-——r:

prr, and d-r——vprz and 1amy, d=
vpr* -} r. Theor. 2.

10. If the Obje& be a Sokid, the Image
will be fo; and then it will in like Manner
appear (the Proportxon being tnplxcate of the

firt, viz. O:1::ds3: f3) that . d-Vprs
}-{—r. Theor. 3.

11. Thefe three Theorems find the Di-
ftance d, at which an Object (whether Line,
Surface, or Solid) muft be placed that it may
bear the fame Proportion to it’s Image, as O
does to I, in Cafe we ufe a double and equally
convex: Lens.
~ 12, But the fame thing is. found for any
other Lens, as I {hall fhew for a Plano-Con-
vex, Double and Plano-Concaves, as follows,

13. In Chap, L Thcor 22, For a Plano-
1d

= f. Therefore —
= f erefore. —

ce=2dr

Convex we had

d—-—zr

-~ -t W




’f' .
[ L

. d
we fhall have i-- ==f==

2dr

=1 and confequently Id — 2 [ =

270, and Id =270 421, and hence
27Q-21r

I

14. If the Object be a Superﬁcnes, then
I(;l _d_iLg, andlx d--zr 4r*x0;

=1d. Theo’r.,4..

that is, I—ar = 477 % SI)..:-.c 47p;3

wherefore d—zr-—V4r=p, andd=2r
+1/4r.Po ThCOf 50

15.In the fame Manner, for Salzd; we thall
have d = 27 V8777 8r31;. Theor 6 .

16. For a doable and equally concaw Lem', ‘

the Thcorcm was

— ___r....f SeeThco;.

37. AndﬁncemthstafeO Ii:d:—f;
dr '
Iy e and
foId-—f—Ir._rO andtlwrcforcld =0r
Or—
o] and confequently d= ___r_r_r__l'

Theor. ’79

Fz2 7. Fog.
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" 17. ForaSu?crﬁcies it will be d'.-.-_—_V‘F}
E—-r7 ‘Theor. 8. ]

. : , . . .
18. And for a Solid, d = vpri —7.
Theor. 9. o
19. In Cafe of a Plano-Concave, it will be
alfo 14 f= —2dr (per Theor )
—0 ' d+2r per TTICOL 43

and therefore 1d+21r =2r0; and .hence

d= e"rO — zrl‘ Theor. xo;

.

20. For a Superficies, d = v 472 — 27+
Theor, 11+ - | : _

. 3
21. For a Solid, d = v8rip — 2r.

Theor. 12.

22. In a Menifius, whofe Radii of Con-
vexity and Concavity are unequal, and the
convex Side expofed to the Radiant; we

- 1d = =—2drr '
havg —6 = r—drrarr (;iver'Thcor. 54.)
‘whence we findd = 2rrO -+ z(ﬂ. Theor:

. - rI:rI

13- . ‘
23 1f

L
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23. If the concave Side be expofed to the
Radiant, we have ¢ = 227012771
rl—rl

"Theor. 14.
24. If the Radius of Convexity be equal to
that of the Concavity, we fhall have (per
" Theor. 57 and 66.) '16‘.1 —d; fo that Id =

~Qd, that is, I=0. Theor. 15. Which
fhews, that in this Cafe a Menifcus Lens can
neither magnify nor diminith an Obje&.
25. In all the foregoing Theorems we had
'chi;rd only, to qﬁrfr{ati'z;ge Focus's; but they
may be as cafily adapted to negative omes, if it
be required to have the Image on the fame

Side with the Obje®. Thus for a double
equally comvex Lens, for an affirmative Focus,

”
d_r=+f; but for 2 ne-
dr L
f—d—f, .dfOlt

.will be O:1::d: —f; and therefore %‘

, Ir—0O
= ir—'fromv;v_l:exwtrm:hm:di d i T

the Theorem is

gative Focus, it will be

fr-d’
: Theor, 16, '
' F3 26, In
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26. In this Manner Theorems are raifed
for other Glaffes, where it is to be obferved,
that the Terms of the Equations are the fame
as for affirmative Focus's, the Sigws only are
changed : But this is 2 Matter not worth in-
fifting on, being of little Ute.

e7. If it be required to form an Image
equal to the Obje&, we fhall have O~=1;
and the Diftance required will be for the
feveral Lendes, as follows,

28. For a double and equally convex
Ir+4+Or 2ir

Lens, we bave I =T = ar =+d.
Theor. 17.
29. Fer a Plauo-Coguer, 3—’—9—:1-—}-—22 =
*—'—;1 = 4r=.:_~_d. Theor. 18.
~ 30.For a double and equﬂly concave Lers,
we have —-':-i-—-l-: = %-: d. Theor. 1.

And fince in this Cafe the Focus is always
negative, it i evident the Image can never be
equal to the Object at any Diftance from the
Lens, much lefs can it ever exceed it; and
' o therefore
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therefore fuch a Lens can only diminifh, never
magnify an Obje.

31. The fame thing is true, and for the
fame Reafon, in 2 Plano-Concave, as will a

from Theor. 10 hereof; and alfo in a Me-
nifcus from Theor. 13 and 14. .

33. If the Diftance d of the Obje®, and
the Proportion of O to I be given, the Radins
r of double and equally convex and concave
Lenfes, in this Cafe neceflary, is found from
the Equation in Art. 8, wz. Id =Ir4-O7;

and therefore for a double Convex 1 ro
Theor. 20. :

33. For a Plans-Comvex, the Equation is

Id
1d= —_—
2r0-4-21r, mdmczo—{—zl
=r. ‘Theor.21. .

4. For a dounble and equally concave Lens,
thegEquation being Id =0r —1Ir; we

ha.ve old = 7. ‘Theor. 22.

=T.

35. For a Plano-Concave, the Equation is

’ 1d
Yd=270—=21r,2nd fo ———=r.

. 20~—~2]
TIIOOI'. 23.’ .
F 4 36. If

|
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C H A P. III
,'I'be ﬂeorem: re/dtmg to GLOBES and

HemisPHERES reduced to prac-

tical Rules, and exempls ﬁed.

S in the firft Part, fo here I fhall

make ufe of the Tenths of an Inch,

for the Meafurements to. be made in the en-
fuing Examples. And firft, for

A GLOBE

2.Case I, For Dwergmg Rays, Plate XIV
Scheme 1. = Let there be given the Diftance

" of the Radmnt DE, and the Radius of the

Globe CE; to find the Dxﬁancc of the Fo-

~cus IF.

RUvL E.

Multiply the Diftance of the Radiant by
the Radms, and to that Produ& add, four
times the Squarg of the Radius; divide that
Sum by the Difference between twice the
Dx&a e.Qf the Radiant, and the Radius, the
*Qdotien tﬂwdl be the Diftance of the Focus,
per Theor, 1. Art, 20, Chap. I.

- ‘ 3 E Xf




T%e Theory of DiopTRICS. QI

3+ EXAMPLE.

Let DE=30 CE=10 2DE=6o
CE=10 CE=10 CE=10

' —— - Squ. 100 —
Produ& 300 Dif. 50

4
Add 400 400
Then 50)700(14 = IF, the focal Di-
: 1) ftance required, * viz.
—_— one Inch, and four
200 Tenths, )
200 ,

®* e @

4. As 2DE is greater, equal to, or les
than CE; the Focus F will be affirmative,
or behind the Globe, infinite, or negative, or
before the Globe. - .

g‘CAsE‘ IL. Of Parallel Rays, Scheme 2.
A Glafs Globe expofed to Parallel Rays, will
collett and converge them to a Point F, which
will be juft half the Radius of the Globe CI
- behind it, by Theor. 2. Such a Globe there-
fore, held in the Sun’s Rays, will burn very
intenfely, if large.

- 6. Case III. Of Converging Rays. The
Focus F is found here by the fame Rule as
in Cask I; only the Sum and Difference thcx;:

. mp



- ftance, and 6 Times the Radivs, the Quo-
“tient will give the Diftance of the Focus,

' per Theor. 4.

92 . The Theory of D1OPTRICS.

there muft be exchanged for the Dj zrence and
the Sum here. And according as-the Produc
of the Diftance of the Radiant Pomt, into the
Radius CE, is greater, equal to, or lefi than

. 4 times. the Square_of the Radius, the Focus

will be affirmative, within the Globe, or ne-
gative, per Theor. 3.

For an Hzmxsranu.

2 Case I Of Dwergmg Rays. If the

“Convex Part be towards the, Radiant, the Fo-'
~ cus will be found by this | |

RULE _ !

a To the Produ& of the Dni’cance of the Ra-
. diant into the Radius, add the Square of Ra- .

dius, multiply that Sum by 4 : This divide
by the Difference between 3 Times the Di-

8. Bat if the Plain Side of the Hemifphere
‘be turn'd towards the Objet the Radiant,
the Rule will be fomewhat alter’d; thus,

P N

- RULE,

———ca
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“RULE. . .,

‘To 6 times the Produ&t of the Diftance
into the Radius, add 4 times the Square of
Radius; divide that Sum by the Difference
betiween 3-Times the Diftance, and 4 Times
the Radius; the Quotient is the Diftance. of
the Focus- reqmred per Theor. 7.

9o EXAMPLE -
For the Convex Side towards the Radiant.

Let the Di- 3 Times the Dx—
ftance be— (3° - * fance is — (9°
- The Radius IO 6 Times the Ra- } 60

dthPmdu& oo ' .'dius ’ ;; T
Add the Squ : Difference 30
of Raciqus } 100 - \ 3

© - Sum 4.—;;
Mnlhply by 4 .
* Divide by 30) 1600 (53 = the Diftance of

150 the Focus, viz.
" 5175 Inches,

' 100
“g0

~

I0
- .. & 10 EX
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10 EXAMPLE |
Of the Phin Side towards the Radiaat,
- Let the Dl—} 30 3T1mestheD1-

-

: ftance be flance —w— (9°
. TheRadms—- 10 4 Times the.
Radi 40
Produ& 3oo e -
Muliiply by 6 _ Difference 50
’ 1 Produ& 18co
Ad 4 times
mxdk}”°
“ Divide by -50)32200 (44 = the Diftance of
‘200 . the Focus, viz.
¢ .. ., = . 4&Inches.
. : 200 -
<. 200

——

11. In this near Situation of the Radiant,
the convex Side, expofed to it, gives the
greateft -focal Diftance, as we fee by the Ex-
amples; but 'if'the Radiant be above 50, or
s Inches diftant from the fame Hemifphere,
thed the convex Side will give the Shorteft
focal Diftance, as is eafy to try.

12. Case II. Of Parallel Rays, Scheme 3.
If the Plain Side be turn’d to the Rays of
the Sun; th® will be colleGted: at F, at the

‘ , Diﬁancc




BT Sl

i

jTm e - oeap—

///

P e - ——— e

ros L . > - . Meeos

v.."

y gl

. ‘. PRV ST YRR






e S TrTE———

'w.uﬂ - - 8n




[ 96]

, CHAP 1V,
The Rules for finding the Focus of @

DousLe ConvEx LEeNs.

1. IF the Lens be unequally Convex, and the
Thicknefs not r cﬁd then if the
Radms of each Surface be known, and the
Diftance of the Radiant from the Lens, the
Dxﬁancc of the Focus wxll be found for

2.Case L Of Dwergmg Rays, by the
followmg

; RULE.,,.,.;'.

Multiply. twice the Product of the Radii . |
into each other by the Diftance ‘of the Ra«
diant, this thall be the Dividend; ‘Then.take
the Difference between the Produ& of the
Sum of the Radii, multiplied by the Diftance,
and twice the Produ¢t of the Radii into each
other ; by this divide the Dividend above, the
Quotient will be the Diftance. of the Focus
required, per Theor. 13.

e .1« -,‘ o ‘ . '3. EX\.
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s EXAMPLE

Let the longeft

Radius be ¢o, and the

fthorteft 30; and the Diftance of the Radiang
300: Then
Longeft Radius — o g0
Shortcﬂ; - — 30
Produ® «— == — — 500
Multiply by == == — 2
Twice Proda@ —= — 3000
Diftance e~ — — 300 o
' 21000) 960000 (42.8
N 84000 .
. N . __ _42000 C o
I , 168000 . y
12000

Shortet =— — -30
Diftance == == 300
Produ@® - == 24000 :
Difference -'-'zxoqo, Divifor. : '
~ ‘Thus the focal Diftance will be 42 &
G . 4 Casy
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4. Case IL Of Parull] Rays. The Fo-
cus of thefe is found thus.

- ‘-RULE B

Divide twice the Produé& .of the unegual
Radii into each other, by the Sum of thecga ‘
dii, the Quotient will be the focal Diftance
requxred per Theor R

sEXAMPLE

Lat the Radii be the ﬁmc as before ; |

Then the L ﬁ: Rad. 50 —— 50
‘The Shortef?:‘: —_— '350 —_—— go

~ Produ@ — — — 1300 80 Sum
, ' 2 .
-+~ . 80)3000(375 = thefocal
, 240 . Diftancere- 1
=" quired, viz.
oo~ - 254,
. 560
| 486~
S 400~
LW ; o om———— . .. X i

e e
.

' 6.Case 1L GMM Rﬂ . The }
F ocus of thefe is found by the Rule o)futhe firk
Cafe,

[ 4
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Cafe, if inftead of the Djfference we take the
Sum of thofe Quantitics mentioned in the
Divifor, per Theor. 15.

7. If the Lens be equally Conves, as ard
motft of thofe in common Ulfe, and the Thick-
nefs neglected as mconﬁdcrable, and caufing

. no material Error, then will the Focus of this

—— e g

fhort and plam Rule, for

" 8. Case I. Of Diverging Rays, Plate XV,
: Scbcme I.

¢ : RULE.

Multlply the Diftance of the Radiant by
the Radius of the Lens, divide that Product
by the Difference between the faid Diftance
and Radius, the Quotient is the focal Diftance
required, per. Theor. 16.

o EXAMPLE.

~ Let the Diftance DE = T 40 —='— 40
~ The Radius — CE= I5——15

The Ptodu@ — — — 6oo 2§ 25 Diff
Then 25) 600 (24 = F E, the focal Di-

o 50 ﬁance fought, vz,
" - —— 22 Inches,
, 100
100
G2 10. And

moft ufeful Lens be moft eafily fourid by thns‘
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10. And here it is to be obferved, that
according as the Diftance of the Radiant DE
is greater, equal to, or lefs than the Radius
CE, fo the Focus F will be afirmative, in-
Jfinite, or negative,

. 11. Case II. Of Parallel Rays, Scheme 2.
In this Cafe the Focus F will be coincident
with the Center C; that is, the Rays of the
Sun will be colle®ed into a Point F, whofe
Diftance F E, from the Lens, will be equal to
the Radius CE, per Theor. 17. ‘
12. Hence a Convex Lens becomes a Burn-
ing Glafs, whofe Power is greater or lefs, as
it's Surface is larger or fmaller, if the focal
Diftance be the fame; or as the faid Diftance
is lefler or greater, if the Quantity of Surface
be the fame. S
" 13. For if the Lenfes be of different Big-
nefs, and of the fame focal Length, their
Power of burning will be as the Sguares of
- thesir Diameters diretly, for it will be as the
. Quantity of Rays falling on their Surfaces di-
~rectly; thus if the Diametér of one Lens be
- 1 Inch, and of the other 4; the latter will
burn 16 times more intenfely than the former.
14. Again, if the Diameters or Sutfaces of
two Lenfes be the fame, the Power of burn-
ing will be reciprocally, as the Surfaces of the
burning Spots, which are the Images of the
" Sun, and thefe are as the Squares of their
- Diameters ; but fince thefe Diameters are as

the
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the Diftances from the Glafles, the Power of

. burning will be reciprocally, as the Squares

of the focal Diflances. Thus fuppofe two
Lenfes of equal Diameters, and the focal Di-
ftance of one be 1 Inch, but that of the

other 4; the Power of burning, in the for-

mer, will be 16 times greater than in‘ the
la.mrp . . . .
" 15. The abfolute Power of burning, in

thefe Lenfes, is as the Number of Times the

burning Spot is contained in the Surface of
the Lens, or as the Square of the Diameter of
the Spot is contained in the Square of the Dia-
meter of the Lens. Thus fuppofe I have a
Lens 4 Inches in Diameter, and the burning
Spot made thereby I meafure and find- to' be
one Tenth, vz, 5 of an Inch. Then in
4 Inches there being 40 Tenths of an Inch,
the Diameter of the Lens to that of the Spor
will be as 40 to 1; and the Squares of thefe
Diameters will be as 1600 to 1; that is, the
Spot is ome Thoufand fix bundred Times lefs
than the Surface of the Lens; and the Heat
of the Sun’s Rays will confequendy be aug-
mented in the fame Proportion, which there-
fore will burn very firongly.

16. Note, if the Thicknefs of the Lens be
at any Time confidered, the focal Diffance
will be very nearly one fixth Part of the faid

. Thicknefs lefs than the Radins, as appears

from the Theory.
SR G3 17. CasE
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17. Case 1L Of Converging Rays, Scheme

The Rule for finding:the Focus of thefe
Rays is as follews.

RULE

: Multiply the Dxﬁance of the Radiant by
the Radius, divide that Produ& by the Sum
of the’ faid Diftance and Radius; the Quo-
tient will be the Diftance of the Focus re-
quxred per Theeor, 18.

18. EXAMPLE

: Let the Dlﬁn_ncc dI =30 —e= 3!:
i The Radius — CE = 15----.-15

Spee—

" ‘The Produ& — —— 450 45 Sum‘

; Then 453450(10 = F1J, the Diftance
- © 4§ ‘of the Focus requir-

: — cd iz, 1 Inch

, o

19 The Focus will in th!s Cafe Be always
¢ affirmative, and it’s Diftanée lefs than the Ra-
dius. ‘As the double and equally Convex
Lens is the moft common and ufeful, fo all
it's Cafes are of the laft ' Importance for a due
‘Underftanding of the Nature, Conftruction,
-and Effe@s, .of all Dioptric Machines, as will
‘be thewn in.the third Pare,

CHAP..
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B CHAP V.
7Ze Rules Sfor ﬁding the Focus of 4

Prano-ConvEeEx LENs.

1. J F the Thicknefs of a Plano-Convex Lens

be confidered, and it be expofed on it’s
convex Side to Parallel Rays, as thofe of the
Sun, the Focus will be at the Diftance of .
#wice the Radius, wanting ¢ (two Thirds) of the
Thicknefs of the Lens, per Theor. zo.

2. But if the fame Lens be expofed with
i’s plane Side to Parallel Rays, the Focus will
then be precifely at the Diftance of twice the
Radm rom tbe Glafs, per Theor. 26.

the Thicknefs of the Lens be neg-
le&ed the Rules for the Focus are the fame
'forcxthef of the two Sides towards the Ra-
diant, as appears from the Theorems rehnng

to thcfc Cafes.

4. Case 1. Of Dmergmg Rays, Plate XVT.
Scheme 1. In this Cafe the Rule for Aading
the Focus isas folloWs, fwz

G.g. RULE
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RULE '

Divide twice the Produ@ of the Diftance

of the Radiant into the Radius, by the Dif-

ference between the faid Diftance, and twice

the Radips; the Quotient will be the focal
Diftance required, per Theor. 22 and 28.

5 EXAMPLE.

LettheDiﬁauceDE—_?4o DE = 4o
The Radius CE= 8 2CE =16

The Produ& ;z—o- ’ Diff.-;;
Multiply by — 2
Then 24)640(26 4 = IF,
48 the focal Dic

—— ftance re-
160 quired.

.

144
: 16 ’
6. Here again it is evident, from the fime
Theorems, ﬁ:t as the Diftance DE is greater,

equal to, or lefs than twice the Radius, fo the
Focus will be affirmative, infinite, or negative.

9. Case 1I. Of Parallel Rays, Scheme 2.
If a Plano-Convex be expofed to Paralll .
Rays, as thofe of the Sun, they will be col-
letted thereby into a Paint F, which will be
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diftant from the Glafs juft twice the Radius
CE, ottbeDlame&crofthe Sphere, of which
the Lens is a Scgment; as is evident from
‘Theor.-23 and 29.

8. Thefoca]Dxihncexsheretwweasgrmt
as in the ﬁmcCaIe of a Double and equa

Convex Lens, See . IV. Art. 11. Confe-
zncntly, the Pmer Bammg (cteris pari-
will be 4 times greater in the Double than

in tbe PIam-Convcx Lens, per Art. 14.

Case IH. Of Couwrg: Rays, Scheme
'l'l?e Rule for the Focus is :ge fa{he as aboéc
for Diverging Rays, if inftead of the Difference
ﬁ‘ ou divide by the Sum of the Diftance of the

diant, and twicc the Radius, per Theor.
24 and 30.

1. EXAMPLE,

Let the Diftance DE = 30 DE—go
The Radius CE-— 8. zCE—x6

" Produ@ 240 240 Sum 46 46
Multiply by — 2 ‘

‘Then 46) 480 (10 = FE, the

46 focal Dxﬁance,

~—  oiz. 1 Inch,

20 and a little
’ more.
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CHAP VL
T ke Rules for finding the virtual Fecus

qf DousLe Concave LENSEs.

F the Lens be unequally Concave, and

‘the Thicknefs thereof negleted, (which

is much more inconfiderable”in thefe than in

the Convex Lenfes) then the Rule for ﬁndmg
the Focus for’

2. Case I.. Of Diverging Ray:, is as
follows.

RUiE»

Multlply twice the Produt of the Radii
y the Diftance of the Radiant; divide that

Produét by the Sum of the Radii multiplied

by the Diftance, and twice the Produ@’ of

the Radii, the Quotient will be the Diftance

of the Focus, per Theor, 34.

3. EX-
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4. Case IL. Of Parallel Rays. The Rule

r finding the Focus here, is the fame as for
Double .unequally Convex Lens, viz., To
ide twice the Produét of the Radis by their
¢m. Sece Chap. IV, Art. 4. But the Focus
ere is always megative, as it is there always
rmative. And confequently, fince the Rule
the fame, if the Radii of the Concavities
d Convexitics are refpeQtively equal, and al-
) the Diftance of the Radiant; the Diftance
f the Focus will alfo be equal from either
Lens. ‘ )

[

5. Case III. Of Converging Rays. 'The
.Ru‘ie for finding the Focus here is the very
fame as for Diverging Rays,' in Chap. 1V.
Art.-2, - Or that abeve in Art. 2. if inftead
of the Sum you take the Difference of the
Quantities there mentioned, per, Theor. 36.

6. If the Lens be double and equally Con-
cave, and the Thicknefs not conici%ctable, the
Rule for finding the Focus of Diverging Rays
is as follows. ,

g. Cask 1. Of Djverging Rays, Plate XVI,
Scheme 1. ' :

RULE.

.. Multiply the Diftance of the Radiant by
the Radius; divide that Product by the Sun;
, of
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Sum' of the faid Diftance .and Radius, the
(Louent will be the Diftance of the virfual
Focus, always negative, per Theor. 37.

8. EXAMPLE.

Let the Diftance DE = 40— — 40
Tbe Radius <~ CE = 10—~ —10

e goSum
-'Then.§0) 400 (8 = fE, the focal Diftance,

400

g9 Casx M. Of Parollel Rays, Scheme 2.
The wirtaal Focus of thefc Rays is always at
the Diftance of the Radius from the Lens, as
in -a- Double and equally Convex Lcns, per
Theor. 38. - Bat is here always ﬂegatwe, as
thcre it was always afirmétive.

10. Case NI. Of Convergmg Rays, Scheme
3. The Rule for finding. the Focus of thefe
Rays is exactly the fame as that for Diverging
Rays_in a Dauble Convex, Chap. IV. Art. 8.
And according as the Diftance of the Peint d, q
towards which they tend, wiz. d1 is greater,
equal to, or lefs than the "Radius ClI, the Fo-
cus will be virtus) and negative, zrﬁmte, or
. real and qﬁrmatwe, per Theor. 39.

- ‘11, ‘That is, If Rays converge towards a

Pomt d, aginScheme 3, beyond the (.3cntc;l G,
they

et
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"CHAP. VI
To find the Focus of @ PLano-Cons

cAvE LENS.

1. T F a Plino-Concave Lens be expofed
: with it’s Concave Side to Parallel Rays,
(viz. Rays of the Sun) and the Thicknefs of
the Léns be confidered, the virtual Focus will
be at. the Diftance of tawice the Radius, or
Diameter- of the Sphere, leffened by % of the
ﬂ'Z:iqu_;[x of the Lens, per. Theor. 41.

- 2. The fame Lens expaofed on the Plain
Side to Parallel Rays, will have their virtual
Focus at juft the Diftance of rwice the Ra~
dius, or Diameter of the whole Concavity,
per Theor. 46. ,

3. If the Thicknefs of the Lens be neg-
leCted, as it always may in this Sort; then
‘the Rules for determining the Foci of all
Sorts of Rays are the fame, let them fall on .
which Side of the Lens they will, as is evi-
dent from the Theory.: L

4. Case I Of ' Dt'"z}ergin. Ray:,v Plate
XVIIL. Scheme . The Rule for finding
the Focus of thefe Rays by a Plano-Concave

is this, vz,
RULE
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RULE.

Multiply twice the Radius by the Diftance

of the Radiant, divide that Produ& by the

Sum of the faid Diftance, and twice the Ra-

dius ; the Quotient is the focal Diftance; per
Theor. 43. '

5. EXAMPLE.
Let the Diftance D E = §o=——350

“Twice the Radius CE = 20 —— 20
1000 - %0 Sum
Then 70) 1000 (14 = £C, . the focal Di-
70 . ftance required,
' iz, 14 Inch,
-390
280
20

" 6. 'The Focus in this Cafe is always virtual
and negative; for Rays which fall diverging
on this Lens are always fo refratted as to pro- -
ceed ftill more diverging. ‘

7. Caske 1L Of Parallel Rays, Scheme 2.
The Focus of thefe Rays will be at juft twice
the Length of the Radius from the Lens, as
reprefented in the Scheme, per Theor. 44 or

49. That is, it will be diftant from the Lens
‘ H * - the
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the Diameter of it's Concavity, and will be al-
ways virtual and negative. So that it is im-
pofiible any concave Lens thould be a burning
Glafs; but on the costrary, the Sun’s Rays
may, by thefc Lenfes, -have their Light and
Heat leflened in any Proportion what{oever.

8. Casg III. Of Converging Rays, Scheme
3. The Rule for finding the Focus of thefe
Rays is Word for Word the fame with that
for Cask I, of Diverging Rays, in a Plgn-
Convex Lens, See Chap. V. Art. 4. This
will be evident by comparing Theor. 45 or 50,
with 22 or 28,

9. Here the Focus will be affirmative, infi-
nite, or negative, according as twice the Ra-

~dius is greater, equal to, or lefs than the Di- |
ftance of the Radiant. In this Scheme, the
Diftance dE is equal to the Radius CE;
therefore the focal Diftance’ F E is equal to
twice the Radius CE.

10. It is eafy by this time for the Reader
to obferve, that the fame Rule which finds
the Focus of Diverging Rays in a Comvex
Lens, finds the Focus-of Converging Rays in
a Concave one; and alfo that the Rules for
finding the Foci of Diverging and Converging
Rays, in any Lens, differ only in the Sum of
Difference of the Quantities in the Divifor. -
- 11. The principal Ufe of thefe concave
Lenfes is in that Sort of Telefcopes, which ;ﬁ
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The Theory of D1od»TRICS. 11§

call ‘Perfective-Glafi, concerning which I
fhall treat largely in the next Part.
12 It often happens that we have a con-

‘cave Lens, and know neither the Radius or
. Focus; to know the focal Diftance ' therefore

in fuch a Cafe, proceed thus:. Take a Piece of
Paftboard, &¢. and cut in it a rouud Hole;
and on another Piece of Paftboard, ftrike a

Circle, whofe Diameter.is juft double the Dia~

meter of the faid Hole; then apply the Piece
with the Hole in it to the Lens, and hold
them in the Sun-Beams, with the other Piece
at fuch Diftance behind, that the Light com-

. ing through the Hole may fpread or diverge,

foasto fill the Circle drawn there precifely;
then is that Diftance equal to the virtual Fo-
cus of the Lens; and alfo to the Radius, if a
double Concave; or twice the Radius if a
Plano-Concave. Let G H == Diameter of the
Hole, L M = that of the Circle ; then, fince
LM=2GH, we have fK = 2fE and
therefore IK == flI = 2CI, the Radius of
the Plano-Concave. Scheme 2. Plate XVIII.

H2, . CHAP

4



quired, per Theor. 54.
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CHAP VIL
The Rules for finding the Focus of a

Mzeniscus LENs.

1. Y F the Thicknefs of the Lens be not

confidered, the Radii of Convexity and
Concavity unequal, and the convex Part ex-
pofed to Diverging - Rays, we fhall find the,

"Focus by the following Rule,

2. Case 1. Of Diverging Rays, Plate XIX.
Scheme 1.

RULE.

Multiply twice the Produ& of the Radus
of Convexity into that of Concavity, by the

. Diftance of the Radiant; this fhall be the Di-

vidend. Then multiﬁly the Difference be-
tween the two Radii by the Diftance of the
Radiant ; and to that Produ& add twice the
Produé& of the Radii; the Sum fhall be the
Diwifer, by which divide the Dividend above,
the Quotient will be the focal Diftance re-

3. EX-
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2+ EXAMPLE.

“Let the Radius of Convexity CE = 135
The Radius of Concavity — KI == 10

Their Produt — — — — — 150

 Multiply by — — — — — — 2
| | 300 -

Multiply by the Diftance — DE = 40

nn——hapn—
The Dividend == = == — — 12000

" *Then from Rad. of Convexity CE == 1§
Take the Radius of Concavity KI == 10

The Difference is — — — — — 5
Multiply by — — — — DE =40

Produ@ — — — — — 200
To that add twice the Prod. of Radii 300 .

The Sumis the Divifor, viz. == 500

Then 500) 12000 (24 = fE, the Di-
i - 1@00 ftance of the Fo-

: cus required, iz,
1 2000 5. Inches,
12000 -
_

4. Here the Radius of Convexity exceeds
that of Concavity ; but if they are equa/, then
H 3 - will

—
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will the Diftance of the Focus be equal to the
Diftance of the Radiant, and megative and
virtual ; for the Rays will proceed with the.
fame Degree of Divcrgen;y as they had when
they fell on the Glafs; for in this Cafe, all
that is effeGted by the convex Surface. AEB,

is deftroyed by the equally concave one GIH.
See Theor. 7. . :

5. And univerfally, in the Cafe of Con-
verging Rays, as the Produ& of the Diftance-
of the Radiant into the Radius of Concavity is
lefs, egual ta, or greater than the Produét of
the faid Diftance into the Radivs of Convexity,
added to twice the Product of the Radii into
each other, the Focus will be negative, infinite,
or affimative. ' : |

6. Case IL. Qf Parallel Rays, Scheme
2, Every thing befides remaining as before,
g:c Focus of thefe Rays arc found by his

ort

'RULE.

Divide twice the Produ@ of the Radii by
their Difference, the Quetient will be the for
cal Diftance fought, ger Theor. 55.,

7.E X-
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72 EXAMPLE

Let the Radius of Con-
vexity be CE = (15——15
The Radius of Con- 6 6
‘cavity be KI = ( -°

Proda@ — ~— -~ — go g Diff
. 2

- Twice the Produ®@ — 180
Then g) 180 (20 == fE, the focal Di-
- 18 ftance required,

T viz. .2 Inches,

8. Asthe Radius of Convexity is greater,
al to, or lefs than the Radius of Concavity,
:g: Focus of thefe Rays will be negative, in-
finite, or affirmative, as is phin from the
Theory. In the laft Cafe therefore, wiz.
when the Convexity is lefs than the Concavity,
a Menifcus Lens will become a burning Glafs.

9. Case 1II. Of Converging Rays, Scheme
i.a The Rule for finding the Focus of thefo

ys is the fame as above for diverging ones ;
and as to th;ng:me of the Focus, it ;vill be

ative, infinite, or affirmative, according as
:‘lig Produ& of the ﬁlgtance and . Radiu% of
Convexity is leffer, equal to, or greater than

the Produ& of the Diftance into the Radius
H4 of -

7=
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of Concavity, added to twice the Produ& of
the Radii into each other, per Theor. g6.

100 EXAMPLE.
Let the Radius of

Concavity KI= (137~~~ 1§
The Radius of Con-
" wvexity CE = } 6----6 Sub.
Produ® — — — 9o 9 Dlﬁ'
- Multiply by — — 2 20 =dE
" 180
Twice Prod. of Radii 180 - -~ 180 } Add

. Multiply by the Di-
{tancc dE = } . 20
The Dividend — 3600
Then' 360) 3600 (10 =F I, the focal Dj-
360 ftance requu'ed VIZ.

1 Inch, and the F o-
‘O cus aﬁirmatnvc.

360 Divifor

11. If the Radii of Convexity and Conca-
vity are equal, the Focus of Converging Rays
will be at the Diftance of the Radiant and
affirmative; that is, the Rays in this Cafe
will pafs on after Refraction with the fame
Degree of Convergency as they before had,
per Theor. 59,

-12. ‘When
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CHAP IX

Tbe Rules which determine the Diffance of an
Objeét that fball bear any (atﬁgmd Proportion
to it's Image formed by a CoNvEX LENS.

1. YN Plate XX, F G is a double and equally
‘ convex Lens, C the Center, CE the Ra-
dius, CE A the Axis, O B an Obje placed
at right Angles therewith, and IM the Image
formed by the faid Lens. Suppofe now it were
required to know at what Diftance the Object
fhall be placed, that it may bear the fame Pro-
portion to it’s Image, as 40 to 10; this is the
RULE .

Add toFethcr the Numbers expreffing -the
Object and it’s Image, multiply their Sum by
the Radius of the Lens ; divide that Produ& by

the Image, the Quotient will be the Diftance
of the Obje& required, per Theor. 1. Chap. IL.

2. EXAMPLE I

The Obje& is == — 40
The Image. .~ == .10

——

Their Sum is .~ — g0
* Let the Radius CE = 10

Then 10) 500 (50 = E A, the |

50 Diftance of the
— Obje&t, viz. §
229 Inches.

" 3. E X-

4
R}

|
!
i
i

g
|
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3+ EXAMPLE IL

Sappofe I have a double and equally convex
Lens, the Radius being 35, and I would have
an Image formed in Proportion to the Obje&,
as 15 to 275; Query at what Diftance the
Obje& muft be placed ?

- The Objet is —~ 275
The Image is — 15

Their Sum is — 290
Mult. by the Radius 35

1450

870 |
Divide by 15) 10150 (676, the Diftance

g0 of the Objed, v7z.
"67 3 Inches, and

115 3 little more,
10§ -

100

9o

10
+EXAMPLE HL -

Suppofe I would have an Image equal to
the Obje&t; Query the Diftance of the Ob-
~ jec? In this Cafe the Obje¢ muft be placed -
at the Diftance of twice the Radius o{‘ the.

- Cns,: .. ..

*
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Lens, per Theor. 17. And then will the Di-

~ ftance of the Image be the fame alfo, per

Art. 6, Chap. II.. This Problem of making an
Image juft as large as the Life, may be found
wery ufeful to Painters, Defigners, &¢. on ma-
ny Occafions, as will appear farther on.

s EXAMPLE IV.

Suppofe I would have an Obje& magnified
in Proportion 15 to 150, that is, of 1 to 10,
by a Lens of 3:Inches Radius. Then may
the Diftance of the Radiant or Obje& be found
in the Manner as above. Thus.

The Obje®t — — 13
‘The Image — — 150

“TheirSum — — 1635
Multiply by Radius 35

825
495
Divide by 150) 5775 (38.5, the Diftance

450  of the Obje&,
. iz, 305 Inches
127§ , «

. IZOO.
750
750

O—

6. E X-
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6 EXAMPLE V.

Let there be a fmall double Convex, whofe:
Radius is g, or  of an Inch, and let it be re- °
quired to find at what Diftance an Obje&
muft be placed, that it’s Image may be 6 times.
larger than itfelf; proceed as-above. Thus.-

‘The Objett is — 1
‘The Image is = 6
Their Sum is — —
Muiltiply by Radius 5
Divide by 6) 35(5.8, the Diftance re-
30  quired, wz. %
: _ of an Inch.
50 -
48
2-

2. Thefe Examples are fufficient to ﬂle“'r,
that any Obje&t may be magnified or dimi-
nifhed in any given Proportion by a convex:

' Lens, with an affirmative Focus, v7z. on' the

other Side of the Lens. That is, the Image .
will be Jffer, equal to, 'or greater than the
Obje&®, according as the Diftance of the Ob-
je&k is greater, equal to, or leffer thin twice
the Radius of the Lens. .

8. The fame Rule holds good for a Plano-
Convex Lens, only with this Difference, that

the

/
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the Diftance of the Objec will be always-

twice as gréat as for a Double Convex of t
fame Radius. Thus an Obje is diminifbed,
made equal to the Life, or magnified, accord-
ing as 1t is placed at a Diftance greater, equal
f0, or Jefs than 4 times the Radius, or twice
the Diameter of the Sphere, of which the
Plano-Convex Lens is a Segment. All which
is evident from Theor. 4 and 18.

9. If the Image be required on the fame
Side with the Obje&, the Theorem which
finds the Diftance of the Obje@ for an.af-
figned Proportion between it and it’s Image,
is thus exprefled in Words. '

RULE

From the Image take the Obje@, multi-
Bly the Difference by the Radius ; divide that

rodu@ by the Image, the Quotient is the
Diftance required, ger Theor. 16.

10.- From the Rule it is evident the Image
muft, in this Cafe, be always greater than the
Obje&, which therefore cannot be diminithed
at a negative Focus, nor ever equal to i’s
Image, but at the Vertex of the Lens,

11. EX-
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1. EXAMPLE

. Lt there be a double and equally convex -
Lens, whofe Radius is 40, or 4 Inches; and
let the Image be to the Obje& as 50 to 10;
it is required to find the Diftance of the Ob-

” ject for that Purpofe. Proceed thus accord-
ing to the Rule,
From the Image = 50 .
Take the Obje& — 10

The Differerence is :;
Multiply by Radius 40

Divide by 50) 1600 (32 = the Diftance.

150 of the Obje&t re-
: quired, viz. 375
109 Inches. -
Y00

¢ o0

12. The Diftance of the Obje& will al-
ways be lefs than the Radius for a negative
Focus ; and when it becomes equal to the Ra-
dius, the Image is then at an infinite Diftance,
and infinitely larger than the Object. ,

"13. In this Refpet alfo, every thing is the
fame in a Plano-Convex, but the Diftance of

the Obje@ ; which is, for the fame Data, al-

~ways double to that for a double Convex of
‘equal Radii. 3
) 14.. The

-
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14. The Object hitherto confidered is fup<
pofed to be a Line, or fimple Length of any
thing; if the Superficies of any Obje& be
confidered that will be altered in a dupliéate
Proportion of the Length or Breadth ; that is,
according to the Square thereof : Thus if-the
Length of an Objet be magnified or -dimi-
nithed 2, 3, 4, §, &c. times, the Superficies
of that.Obje& will be magnified or diminithed
4, 9, 16, or 25 times, becaufe thefe Numbers
are the Squares of the others. o
- 15. But I fhall give a Rule that will find
at what Diftance an Objet muft be placed,
‘that it’s Suiface fhall bear any affigned Pro-
portion to the Surface of the Image; dnd is
as follows. - S
. "R ULE.

Divide the Obje& by the Image, and muls

~ tiply the Quotient by the Square of the Ra-
dius ; and to the fquare Root of that Produ&

addethe Radius; the Sum is the Diftance of
the Object required, per Theor. 2. '

"1 EXAMPLE

Let there be a double and equally convex
Lens, whofe Radius is 30, or 3 Inches; and
let the Surface of the Obje& be to that of
" the Image, as 1000 to 10; to find the Di-"
ftance at which the Objet muft be placed for

that Purpofe. Proceed thus by the Rule.
Image
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Image Obje& :
10) 1000 (roo Quotient, ‘
100 oo == Radius Square.
* **0 90000 (300 = Square Root.
30 -

330= l‘)iﬁ. fought,

17. Hence it 2 , that if an Obje@ be
plach 33 Inches l;'l?:: the Lens, thchSeuéfoace
of the Image will be an 100 times lefs than
i’'s own. If this Obje@ were a Circls or a
Square, the Diameter of the Circle or Side of

the Square would be 10 times lefs in the

Image than in the Obje& at that Diftance.
18. By Theor. 3. we have a Rule for the
Diftance of Objecs for any, afligned Propor-
tion of the Saliditses. or Bulks; and is as
follows, ) , ‘ '
" RULE.

»

Divide the Obje by the Image, muhiply

the Quotient by the Cube of Radius; to the
Square Root of that Produ& add the Ra-
dius, the Sum is the Diftance of the Obje@
anircd. . .

’

’I' 19. E X

L
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.19 EXAMPLE.

Let the Radius of the Lens be 30, the So-
lidity or Bulk of the Obje be to that of the
Image 10000 to 10; the Diftance of the Ob-
ject is found as per Rule. '

" Image Objet
. .10 ) 10000 ( 1000 Quotient.
gooo = Cube of Radius.

9000000 ( 300 Cube Root.
30 == Radius.

330 = the Dift.
of the Obje&t.

20. Here again the Diftance is the fame as
before, wiz. 33 Inches. At that Diftance
therefore the Length of an Obje& will be di-
minithed 10 times, the Superficies an 100
times, and the Solidity 1000 times, which is
according to the Simple Square and Cubic Pro-

. portion, as it fhould be by the geometrical
Dodrine of Menfuration. But. enough . of
thefe Matters,” which are of more Speculation
than Ufe. : .

21. When the Diftance of an Obje&, and
'the Proportion thereof to the Image is given ; -
the Radius of a double and equally convex
Lens is found by the following Rule.

RULE,
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RULE."

Multiply the Diftance of the Qbjeé by the

Image ; divide that Produ@ by the Sum of the

Obje& and Image; the Quoticnt is the Ra-
dius fought, per Theor. 20.

.22 EXAMPLE,

Let the Diftance of the Obje& be 330, the
Proportion of the Obje& to the Image that of
100 to 10, or 10 to I.

Then multiply the Diftance 330
By the Image — — — — 190
The Produ®@ — — — 3300

Divide by theSum of
the Obje&t and Image §

110) 3300 (30 =the
dius

33°  foughe,
*rro  wiz., 3

Inches, See Art. 17.

23. For a Plano-Convex the Radius will be
found juft half as long, becaufe you muft then
divide by twice the Sum of the Obje& and
Image, per Theor. 21. ‘

24. If the Diftance of the Obje&, and Ra-

- dius of tht fame Lens be known, the Pro--

rtion of the Object to the Image is then
nown by the following - ‘
12 AN A-
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ANALOGY.

As the Diftance leficned by the Radius, is
to the Radius; ' ’
So is the Obje¢t to the Image, per Theor. 24,

25 EXAMPLE..

Let the Diftance of the Obje& be 330, the
Radius 30; then the Diftance leflened by the
Radius 1s 300 ; and therefore as 300 is to the
Radius 30, fo is the Objet to the Image,
but 300 is 10 times greater than 30, therefore
the Obje& is 10 times larger than the Image.
For a Plano-Convex, inftead of Radius you
muft take the Diameter, or double Radius,

. per Theor. 21. ‘
. 26. It is evident from the Scheme, that the
- Objeé feen at an affirmative Focus is inverted, 4
but at a negative Focus it will appear in it’s
proper Pofition; the Reafon of which was
made plain in ‘the Theory, and thefe are the
principal Properties of Convex Lenfes. -

CHAP
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CHAP X

The Rules which determine the Diflance
of an Object for any affigned Pro-
portion. between it and it's Image,
Jormed by a Double-Concave, Plano-
Concave, and a Menifcus Lens.

! |}

jx.FROiV‘I. the Theory it Qppears, that .

Diverging and Parallel Rays can have
no affirmative Focus in a Double or Plano-
Concave Lens. Therefore all Objeés will have
their Images formed at a negative Focus, or on
the fame Side of the Lens with themfelves.

2. The Rule therefore for finding the Di-
ftance of the Object that fhall bear an affigned
Proportign to-it's-Image. formed by a double

and c?ually- concave Lens, as that in Plate XXI,
38 as ’ _ '

ollows.. -
RULE.

" From the Obje& fubftract the Image, mul-
tiply the Remainder by the Radius ; divide that
Produét by the Image, the Quotient is the
Diftance required, ger Theor. 7.

. 32EXAMPLE
Let it be required to find the Diflance of

an Object that fhall be in Proportion to it's
I3 . Image,

Y X R TTe
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Image, as 40 to 10, by an equal and double
concave Lens, whafe Radius is: ro, or 1 Inch.
The Objet is — — 40 ==-OB
Subftra&, the Image 10 = IM

=B . Remainder '— '-.-.--;;: L

B Multply by Radius 10=CE -

) - 300 E . .

25 Then 10) 300 (30 = A E the Diftance
L - 30 fought, dix. 3 Inches.

Ptp———

| ‘ e ‘
- 4 In a Plino-Concave all other things res
maiping the fame, the Diftance will be twice
* as great, by Theor. 1o, -

- . - 5. If you wonld find the Superficies or So-
lidity of an ObjeZt direitly, thie.Rules are the
fame as in Chap. X. Art. 15-and 18, only as
there you added the Radius to the Square and
Cube Root, here you muft fubfiraét it. See
Theor. 8 and 9. :

6. If the Diftance of an Obje® AE, and
the Radius CE of a double and equally con-
cave Lens be known, the Proportion between
the Obje@ and Image is alfo known by this

ANALOGY. .

As the Diftance added to the Radius, is to
the Radips; o A .
So is the Obje& to the Image. '

7 EX-
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7 EXAMPLE

<

Suppofe the Diftance AE = 30, and the
Radius CE = 10; then will the Obje& be-
to the Image,. as 7o added to 10, viz. 40 to.
10, of as 4 10 1; that is, it will be 4 times as
large.  1n Plano-Concaves you muft ufe fwice
the Radius; thas. ~ « .

8. As the Diftance added. to twice the Ra~
dius, is to twice the Radins ; ‘ :
So is the Qbje@ to the Image. Theor. 27.

9. Im Double and Plano-Concaves it appears,
both from the Theory and the Scheme, that the
Image will .always be lcl'[s than the Obje®,
on the fame Side with itlelf; erec?, or .in the
Jame Pofition; and evet Between the Lens and
it's Center € ; till ‘the Diftance of the Objed
become infinite, and then the Linage will -be
formed in the very Center, as that of the Sun,
and all vaftly diftant Objects, i feen to be;
and thefe are the chief Properties of Concave

10. A MEn1scus Lens, whofe Radii of
Convexity and Concavity are unequal, and be-
ing expofed on the convex Side to the Objed,
will thagnify or diminith an Obje&, in any af-
fignable Degree, at an affirmative Focus; pro-
vided the Radius of Concavity excceds the
Radins of Convexity. This is evident from

4 e 1 4 - ) Theor.,
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Theor. 13, which gjves the following Rule for
the Diftance of the Objed, viz.

R ULE.

Multiply the Sum of the Obje&t and Image
by twice the Produ@ of the Radii; divide
that Produ& by the Difference of the Radii
multiplied by the Image, the Quotient is the
Diftance fought. o

‘11. EXAMPLE I

Let the Radius of Convexity be 10, the Ra- -

dius of Concavity 25, and the Proportion of
the Obje to the Image, as 4 to 1. -

Then {25-—- — 23 Obje& 4

10 —, — 10 JImage 1
Produ& 250 15 Diff. Sumg -
2 «
500 : \
5 -
-+ 15) 2500 (166 the Diftance fought, viz.
15 16 % Inches,
100
g0
" 100 '
12. EX-

|
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2. EXAMPLE IL

Let the Obje& be magnified in the Pro-
portion of 4 to 1, by the fame Lens.

2§ 25 ~ Obje& 1
Then { x<5>---—- 10 Image 4
Produ& 250 15 = Diff. Sum §
2 4 = Image
. 500 = 6o.
. 5 ‘
60) 2500 (41 == the Diftance required,
240 - 5%, 4 Inches.
100 '
6o
”

132 EXAMPLE Inm

~ Let it be required to have the Obje& and -

Image equal by the fame Lens. Then 4
times the Produ& of the Radii divided by
their Difference, gives the Diftance of the
Objet, thus; ~

2§ -

N
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2§ — — 2§
10— «= IO
. Produ&t 250 18
4 . L
- -15) 1000 (66 == the Diftance, viz. 65
‘ 9o : .. Inches.
. . ’ 10'0 .
) 9° .
10 T

14. If the concave Side be ‘turned to the

Obje; and the Itvige required at an affirmative
Fogus, the-Rule is ftill the fame, fave only that
in this Cale, the Radius of Convexity muft
exceed. the Radius of Concavity, as is plain
from Theor. 14. :

- 15. If the convex Side be towards the Ob-
je@, and the Image required at a negative
Focus; thgn you muft multiply with the Dif-
Jerence of the ‘Obje@ and Image inftead: of
their Sum ;- and if the Radius of Convexity be
greatef}, the Objé&t cannot be magnified; if,
leaf}, it can’t be diminithed. L

. 16. But if the concave Side be towards the’
Objet for -a negative: Focus, then if the Ra-’
dius of Concav}izy be greateft, the Obje@ can-’

not be magnified ; nor diminifbed, if it be
leadt,
- 17. If

I
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~ So is the Objet to it’s mage,
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17. If the Radii of thé Surfaces are equal,

~ the Menifcus can neither magnify or diminith

an Obje&, as. appears by. Theor. 15. Be-
caufe, in that Cafe, all.that is effe@ted by one
Surface is deftroyed by the other. .. -~ -

18. An Obje& appears erett at a negative
Focus, and snverted at-an affirmative one.
And thefe are the chief Properties of Menifcus
Lenfes. . , ikt

19. A Prain Lens, or Piece of Glafs,
both whofe Surfaces are perfectly plain, will
magnify an Obje& in proportion to it’s Thick-
nefs, according to the following ‘

 ANALOGY.
* As'the Diftance of the Obje@, it to thé
faid Diftance  increafed by',two Thirds of the

20 EXAMPLE

- “Suppofe a Piece of Glafs be % of ‘an Inch
thick, then will an Obje&t at one Inch Di-
ftance be to it's Image feen through the Glafs,
as. 10 go 12, in Length, in Surfaces as 100 to
144, and in Bulk or Solidity as 1000 to 1728,

PART
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PART IL

of onr'rkxc‘lnﬂruments and
’ Machines.

CHAP L

| Of the Struiure of the Eye; and bow
Vifion is performed thereby.

" 1."JYHE Defcription. of the Eye, I hete
o ‘intend, is rather Qptical than Anato-
mical ; as taking Notice of thofe Parts only
which regard Vifion, and affift more or lefs in
effecting it. '

2. In Plate XXII. Fig. 1. reprefents the
Ball or Globe of the Eye, or rather a Se&ion
thereof through it’s Axis. The Form of the
Eye is too well known to need Defcription’;
it's Parts are of two Sorts, viz. Coats and Hu-
“mours, of which in Order. L
. 3. The Coats or Teguments of the Eye are
the external Parts which contain the Humours,
and are in Number 6, viz. The Conjunétiva,
Sclerotica, Cornea, Choroides, Uvea, and Retina.

4. The
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~ The Tunica Conjunétiva is common to
the Eye-lid, and Ball of the Eye, which it
firmly connes together, and makes what is

.called the White of the Eye.

. The Sclerotica is the firft or ‘outmoft of
gger Coats of the Eye reprefented l:jy

, Fig. 1. . This Coat is thick, hard,
and fmooth, and on the fore-part is tranfpa-
rent where it forms .

6. The Cornea, or borny Coat, becaufe it
refembles a thin Piece of tranfparent Horn,
and is more protuberant than the reft ; repre-
fented by AB. . By this Part the Light firft
enters the Eye, . _

- 7. The Cbhoroides lies under the Sclerotica,
is much thinner than it, and on the fore-part
thereof, between Q_and Q_is -

8. The Uwea, fometimes called the . Irss,

which is of various Colours in different Per-
fons; and in the middle has a round Hale,
viz. 1L, called Pupilla, or the Pupil of the
Eye, by which the Light has admittance to
the internal Subftance of the Eye.
" @. This Iris is of a round Form, is com-
pofed of two Orders of Fibres, one Circular,
the other Strast, tending towards the Center
of ,the Pupil, like Radii towards the Cen-
ter of a Circle. By means of thefe Fibres,
the Pupil is enlarged or contraéted according
ag greater or lefler Light is required.

10. The Retina is not properly a Coat of
the Eye, being only a fine Expanfion of the

I Optic

thes
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Optic Nerve over the Bottom of the Eye,
nearly oppofite to the Pupil. On this delicate
Membrane are painted the Images of Objects
formed by the Cryfalline Humour. It’s Re-
prefentation is at S, 8, S. ’
. 11. The Humours of the Eye are three;
the aqueons or watery Humour, the Cryfalline,
and t{)e vitreous or glaffy Humour. The A~
" queous Humour hath very much the Appear-
ance of Water, it makes the Eye globular on
the fore-part, lying immediately under the
Cornea, and is denoted by QQ Q.

12. The Cryfalline Humour lies next the

Agueous behind the Uvea, oppofite to the Pu-
pil; reprefented by NOP. In Form it re-
fembles a Double-Convex Lens, being fome-
what more convex on the external, than on
. the internal Surface. It is conne@ed to, and
fofpended by the Ligamentum Ciliare M N,
. MN, on the third Humour, called

13. The witreous or glaffy Humour ; this is
the largeft in Quantity, making the hinder
and far greateft Part of the Globe of the Eyeg
reprefented by RRR. It is contained with-
in a fine Membrane, and over all the fpherical
Superficies thereof is fpread the Retinaz in a
moft fine and curious Manner, quite to the
Ligamentum Ciliare. :

14. Thefe are conflituent Parts of the Eye;
the Ufes whereof, with regard to Vifion, I
fhall now more particularly defcribe. But thall
firft premife, that clear and diffinét Vifion is

; ‘ produced
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produced only by Parallel Rays, or fuch as are
nearly fo. For thefe Rays have but one de-
términate Focus, whereas the Focus of Di-
verging Rays is as various as the Diftances of
Objecs, and therefore can’t. produce Vifion in
a Machine of a fixed and . inate Form
and Pofition, as that of the Eye is well known
to be. .
. 15. Now in order that Rays, which pro-
ceced from near Objeés, may be nearly Pa-
rallel, that they might render fuch Objects
diftin@ly vifible, it was neceffary that the A-
perture of the Eye, by which they were .to be
received, fhould be very fmall, that fo the
Bafe of a Cone of Rays, ptoceeding from any
Point in fuch an Obje&, being very fmall in
proportion to the Length of the faid Cone,
" that part of the Cone at the Entrance of the
Eye might differ very little from a Cylinder of
Rays ; or, which is the fame thing, their Ds~
vergency fhould be fo very fmall, that they
might differ very little from Parallel Rays.
-+ 16. To illuftrate this Matter, let CD,
Fig. 2. be the Diameter of the Pupil or A-
perture of the human Eye; and O a Point at
the Diftance of 6 Inches draw the Rays OC,
OD; and let AC and BD be Parallel Rays.
Now it is evident, that becaufe CD is very
fmall in refpe@ of CO, the Divergency of
the Rays OC, OD, is fo very fmall alfo at
the Pupil CD, that they almoft coincide with
the Parallel Rays AC, BD, at their Arrival ;-
‘ T

" and

-
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_and therefore may be efteemed as fuch, and
will produce diftinét Vifion.

17. But were the Point O nearer to the
Pupil CD, or if the Pupil were larger, in
" either Cafe, the Rays would fall more' diverg-
ing on the Eye, and the Images of Objects
would be formed at a Point beyond the Bot-
tom of the Eye; and fo their PiGtures on the
Retina would be very imperfe&t, and _confe-
quently Vifion would be very indiftiné and
confufed. ‘

18. Hence it appears why we can never fee
any thing di&ih&ry at a lefs Diftance than
‘about fix Inches by the bare Eye; and alfo
why Obje@s at all confiderable Diftances, a
pear diftin& and perfect: But all vaftly di-
ftant Obje@s appear both indifiiné? and eb-
Jfeure. They appear indiftiné?, becaufe their
Images in the Bottom of the Eye are fo ex-
tremely fmall, that the Diftinction of Parts is
imperceptible to the Mind it felf, all the Parts
taken together making as it were but one

hyfical Point. Thus if a Man of ‘6 Foot

tature were to be viewed at the Diftance of
a Mile, his Image on the Retinaz would be but
the thoufandtb Part of an Inch in Length; no
wonder then if his Eyes, Nofe, Mouth, &&¢.
appear indifcernible in a PiGure of fuch ex-
treme Minsature.

19. They appear more or lefs odfcure, ac-
cording to their Diftance or Degree of Light ;
for Objects at a great Diftance are feen thro®

a greater

|
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a greater-Quantity of thé Medium, than thofe
at a fmall one; and therefore the Rays, by a
greater Rcfra&xon, will be much more effete,
and produce a mere obfcure Vifion in the far-
mer than in the latter Cafe,

20. Again, it is well known, that all Ob-
jecs appear bright or obfcure, according to the
Degree or Quantity of Light with which they
are illuminated ; thus diftant Objeds, in a
cloudy Day, appear dark and obfcure, where-
as, when the Sun fhines full and ftrongly up-
on them they appear clear and bright. .

21. I fhall now obferve the Method Naturc
takes in cffeting Vifion by the Eye; and how
every Part is made fubfervxent to fo noble
Purpofe and Service.

- 22. Suppofe then CD were parallcl Rays
falling on the Eye at AB, Fig. 3. The A-
- queous Humotr Q being about the fame Den-
fity with Water, and of a Convex Surface, by
means of the Cornea A B, the Rays CD
would be made to converge towards a Point
F, at the Diftance of 4 times the Radius of
the Convexity of the Cornea, if there were no
" other Medium to prevent: it; this is evident
from the Theorcm in Chap. 1. Art. 6. of

Part II. '

23. But the Pomt F being beyond.the Bot-
tom of the Eye, makes it neceflary that fome
othcr Body, of greater Denfity, fhould be in-

fed in Form of a Convex Lens, to ga-

ther them. to 2 Point nearer the Eye, and. yet
K a little

-
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w kistle beyond it ; and this is effefted by the
Cryfialline Humour N N.

. o4. I faid a little beyond the Eye, becaufe
Nature determining the Eye to be of a globous-
Form, and for that Purpofe baving all

-the hinder Part with a Medium RR, of 2

lefs Denfity than the other Medium NN, and
of a Concave Surface where it received the
Rays, the Ray muft neceffasily be ftill more
converged by this Mediom, which is the Vi-
treous or Glafly Humour; and therefore had
the Cryfalline Humour thrown the Rays juf
on the Bottom of the Eye, the Fitreous Humour
muft have converged them to a Point be-
hither it; and fo would have made the Vifien
indiftin@ and confufed. ‘ '

25. The Denfity of the Vitreous Huamour
therefore is fuch, that the Rays are united at
the Bottom of the Eye, on the Paint S, where
they paint the Image of the Obje@ on the
Retina, and in that Cafe only, produce -

26. Since with Regard to Objeéts at diffe-
rent Diftances, thofe which are neareft will
Jhave their Foci, at a fasther Diftance from
the Cryftalline Humour, than thofe which are
farther off ; therefore a Power is given to the

. Eye to alter' the Form of the Cryftalline Hu-

mour, 2. To render it more or lefs Con-
vex, by the Mufcular Contra&tion and Relaxa.
tion of the Ligamentum Ciligre, to which it
s connefted, which allo muft occafion a°
L S greater }




The Theory of DioPTRICS. 147
- greater or leffer Concavity in the Vitreous Hu-.
- .mour ; by which means the focal Diffance is
- leflened for near Objes, and enlarged for
. thofe farther off, and is fo nicely adjuftable to
' the Retina, for all Diftances of Obje@s, that.
. their Images are all exaétly painted thereon,
. in a natural or good Conflitetion of the Eye. .
- 27 In the laft Place, it bas been obferved,
| that there:is a Power -of dilating and con-
' tracting the Pupil of the Eye, by means of
' the Mufcular Fibres of the Iris; on this Ac-
~ count, . if Bodies be fituated far. diftant, the
. Pupil being dilated receives Rays more di-
verging, and in a greater Quantity, and there-
. fore fuch ‘Obje&s appear more difins and
enlightened.
28. On the other hand, if Objets are fi-

tuated wvery mear, or are extremely bright; the

Papil is contraced, and takes in only the leaft
divergent Rays, fo that the Objeéts are more
+ diftin& ; and, at the fame Time, the exfreme
Brightnefi is diminithed, fo as not to be of-
fenfive to the Eyes. '

Kz CHAP

e
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CHAP I

Of the -Pofition of the Image in the
Eye; of the apparent Magnitude of
Objeéts.

I "AVING fully explained the Na-

ture of Convex Lenfes, and alfo
largely thewn that Vifion is performed in the
Eye by Refraction through the Cryffalline Hu-
mour principally, which bears the Form of
fuch a Lens, it muft needs be very eafy to
conceive, that the Images of all Obje@s are
formed in an inverted Pofition in the Bottom
of the Eye. ‘

2, Thus in Fig. 4. Plate XXII. Suppofe '

OAB an Obje@, in an ere@ Pofition before
the Eye CD; then will the Pencil of Rays
OEIF, paint the Extremity O in the Point I,
and the Pencil BF ME, will paint the Extre-
mity B in the Point M; and fince all the
Points between O and B are reprefented be-
tween I and M; IM will be the Image of
the Obje& O B. Again, fince the Axis of the
Pencils of Rays crofs each other in the Pupil,
which is their common Bafe, the Image muft

, neceflarily

|
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neceflarily be painted in an snverfe Pofition, in
the Bottom of the Eye. ‘

L 3. Here conftantly occurs the Queftion,

How it comes to pafs, fince the Images of all

 Objeéls are painted in the Eye invertedly, that
‘we fee them ereél? To this feveral Anfwers are

iven, but unfatisfatory; I can think of no
tter way to account for this Paradox, than

as follows. :
4. If we fuppofe an Eye viewing the Point

I, in the Image in the Dire@ion of the Axis
~ of the Pencil of Rays which paints it there,
- it will refer it to the Point O in the Obje&,
* and there behold, and contemplate it: in like
" .Manner, the Point M would be referred to
- the Point B, and by a fucceffive Application
: of the Eye to every Point of the Image, the
- whole Image. IM will be. referred:to, and

confidered in the Obje@ OB. If therefore

. we concgive the Mind to be all Eye, capable

at once of viewing every Point in the Image
in it's requifite Dire&tions, it muft neceffarily
refer the Image in the Eye -to the Obje&

| -without it, which alfo will neceffarily caufe a

Change of the Pofition; and therefore the
Image, thongh snverted in the Eye, will be

| .viewed and contemplated by the Mind in an

eres? Pofition in the Object. . .

5. We now proceed to confider the gppge
rent Magnitude of Obje&ts; which here fhall
be that of a Line, viz. it’s Length. In Fig, 3.

* Let AB be an Obje& viewed dire@ly by the

-

K 3 ) Eye
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Eye QR: From each Extremity A and B,
draw the Lines AN and BM, interfctting
each other in the Cryftalline Humour in I,
bife®@ A B in K, and draw IK; then is the
Angle AIK, half the optic Angle AIB,
which is the Meafure of the apparent Magni-

tuds or Length of the Objet AB.
6. Divesfe Qbjetis AB, CD, EF, whofe
real Magnitudes are very unequal, may be fir .
tuated at fuch Diflances from the Eye, as to
bave their apparent Magnitudes all equal. For
i they are fo fituated that the Rays AN,
BM, fhall touch the Extremities of each, they
“will then all appear under the fame optic-An-
gle AIK, which is equal to NIM, which
determines the Magnitude of the Image M N,
in the Fund of the Eye, the fame for them
all; and therefore they muft all appear of an
qua,l Magnitude. A )
7. Objells fituated at differemt Difances, di-
reét to the Eye, whafe apparent Magnitudes are
equal, are to each other, as their Diflances from
tho Eye direétly. Let the Obje&@s be A B and
CD, then becaufe the Right-angled Triangles
CIL, and AlK, are fimilar, 1t will be, as
IK:IL::AK:CL; but AK is half AB,
and CL half CD; thercfore it will’ be, as
IK:E.I;::AB_:CD.'
8. Ob2ds of equal Magnitude, fityated di-
rotly before tbajEe)ze at un;gqaal‘ Dx){itmes, wil!
sptear unegual, For let AB and G H be two
Obje&s diretly before the Eye at - different
. S Diftances
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' Diftances 1K and IS; draw the Lines GP

- and HO croffing each other in T; then is the
optic Angle GI1H, manifeftly greater than the
Angle AIB, and the Image OP made by the
former greater than the Image MN made
by the latter. . Therefore the Obje® GH, is
apparently greater then the Obje& A H, tho’
it is but equal to it.

9. Equal Objels fituated direbtly before the
Eye at unequal Diftances, bave their apparent
Moagnitudes reciprocally proportional to their -
Difiances. For let AB, GH, be two equal
Objects at unequal Diftances 1K, 18, from
the Eye produce IG and I H till they inter-
fe© A B, each way produced in T and V,
Then will TV be the apparent Magnitude of °
G H, at the Diftance IK. Since the Trian~

. gles ISG and IK T are fimilar, we fhall have

© IS:IK::SG:KT; bpt SG is equal to AK;
_therefore it will be IS: IK:: AK:KT.
10. From what has been @id it appears,
that there is n0 Standard of the true Magni-
tude of Things.. All that we can be fenfible
~ of is the Proportion of Mafnita&. -And yet,
" notwithftanding the fenfible: Magnitude of
things is ever mutable, and varics 1n propor-
tion to the Diftance, we fcarcely ever judge
any thing to be fo great or fmall as it appears
to be, or that there is fo great a Difparity in
the vifible Magnitude of two equal Bodies at
different Diftances from us,

K4 ;t.-Tirus ‘
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‘CHAP. I

Of the Faults or quéf*?s of Vifion, and
bow they are remedied by Convex and
Concave Lenfes in Spectacles.

3. J T bhas been already fthewn, that in order
. to effe@ perfe@ and diftin& Vifion, the
Images of Objects are to be painted precifely
on the Retina, in the Fund of the Eye, and
that by Rays which are either parallel, or
nearly {o, in a natural and good Configuration
of the Eye. ’ , '

2. But as it often happens, (for Nature her
felf is not ever uniform to a Mathematical
Nicety) that the Form of the Eye, but prin-
cipally of the Cryftalline Humour, is fuch,
that it is either a /ittle lefs or more Convex than
is juft ; fo of Confequence the Focus, or Place

" where the Images of Obje@s are formed, will

R

be a little beyond or behither the Bottom of
the Eye, which, in either Cafe, will prevent
the PerfeGtion of Vifion, and render it indi-
fin& and confufed.

3. This Imperfettion of Vifion is, in a
%rcat Meafure, remedied by the Succours of

Eye,

t; For if, by a vicious Formation of the

a7
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Eye, the Focus be made to fall on this or on

that Side the Retina, yet Glaflfes may be forms-

ed to fuch a Degree of Convexity ar Conca-
vity, that upon applying them to the Eye,
the Focus fhall be truly adjufted to the Re-
tina, and thereby caufe diftin@ Vifion,

4. Thus fuppofe the Cornea CD, (See
Fig. 6.) or the Cryftalline EF, or both, thould
chance to be o flaz, cither from Nature, or
(what is moft common) from a Deficiency of
the Aqueous Humaurs through Age, in Pref~
byte, or Old Men, fo that the Rays which
procced from any Point A, are made to
converge at a Point a, beyond the Eye, and
thus caufe 4 confufed and imperfe@ Vifion ;
1 fay, this Imperfection is cured, in a
Meafure, by Convex Lenfes in Spetacles.

5. For from what has been thewn of Convex
Lenfes, it is evident, (1.) That Rays coming

“from a diftant Point A, and fall diverging on
a Convex Lens G H, are thereby ma«fe to
roceed Jefi diverging than before. (2.) Thofe
ays which are lefs diveriiug, have their Fo-
cus nearer to the Lens, than thofe which are
 more fo. Confequently the Rays, which pro-

ceed from the Point A, are by the Interpofi-

tion of the Convex Lens G H, juft before the
Eye, made to fall /efi diverging on the Cry-
. ftalline EF, and therefore will be converged
to a Point b, nearer thereto than the Point a;
and the Convexity of the Lens G H mat% be

1 Coeo 0 fuch,

' :

B N oA

= e aai
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fuch, that the Point b fhall be precifely on

the Reting, and fo caufe diflinct Vifom.

-6. For this Reafon Prefbyte, or old People,

§ always make ufe of Lenfcs more or lefs convex
y in ir SpeQacles,” as theit Eyes are flatter

or-rounder. And here it is to be obferved,
that Qbjeéls appear brighter, as well as more
diftinct, by means of Convex Lenfes; for as
much as they bring the Diverging Rays nearer
together, fome which otherwife would have
fallen avithout the Pupil, will now be brought
within the Compafs thereof, and fo a greater
Quantity of Rays entering the Eye, the Ob-
je€t will appear more bright.

7. Again, we farther obferve, zbat Objells
Seen by Spedacles of Comvex: Lenfes, appear to
be more difiant than they really are. For the
Rays which come from the Point A, being
by the Lens GH made to praceed lefs di-
‘verging, they will appear to come from the
Paint B, which is farther off, becaufe Rays,
-as they are more or lefs divergent at the Eye,
come from Obje&ts which are nearer or far-
ther diftant from the Eye. : |

- 8. Hence alfo the Reafon is evident, why
‘the clder Men grow, the more they lofe a
diftin& Vifion of near Objects; fa that very
‘flat Eyes can fee only diftant Obje@s without
Confufion: For when in Youth the Eye was

fo-convex, as to form an Image of nigh Qb-

je&ts an the Retima, in ;A‘gﬁ: that Convexity of
‘the Eye diminifhing, will caufe the Imago;
Lo : -9
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"of the fame Obje&ts to be painted at a' Focus
farther from or behind the Retina; and thofe
Objeéts only which are at a great Diftance,
will have their focal Diftance thort enough to
fall on the Retina ; and fo thefe only can
produce diftinét Vifion. o x

9. On the other hand, if the Cornea CD,
or Cryftalline EF, or both, (See Fig: 7.) be '
‘more convex than- juft, the Rays which pro- |
ceed from a Point A, will be made to con-
.verge too foon; that is, to a Point a, which
‘is between the Cryftal Lens EF, and the Re-

" tina; and therefore muft needs produce a
confufed Vifion. A Perfon who hath thefe

‘Eyes, is called Myops, 7. e. Moufe-ey’d; but
heb isdvulgarly faid to be purblind, or fbort-
figbted. ,

ﬁglo. He is with good Reafon faid to be
Jhort-fighted ; for fince all diftant Objects have
the fhorteft focal Diftances, and fo have their
Images formed fhort of the Refina, they muft
needs appear indiftinct and confufed. There-
fore only thofe Obje&s, which are at a fhort
or near Diftance, can produce diffinét Vifion ;

-and that they do by having a longer focal Di-
.ftance,.and fo reach the Retina before their
Images are formed.

- 11. A Mpyops hath his Imperfetion of Sight
-greatly relieved by Concave Lenfes.. For fince

Rays, which fall divergent on fuch a Lens,

arc ‘made to diverge the more by Refraion

through it; thcrci%te the Rays which come
: : ~ from
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'om any diftant Obje& A, in pafling through
he Concave Lens GH; are made to fall more
liverging on the Eye CD, and feem to pro-
xed from a Point B, much nearer the Eye
tban the real Point A.- -Since therefore the
Radiant Point is brought nearer to the Eye,

}f’s Focus. in the Eye will be removed. farthes

_ from the Lens EF, and fuch Glafles may, be

chofen as fhall exa@ly throw the Focus on
the Retina at b, and there produce diffinc?
12. From hence we obferve, that Myops,

. or purblind People, nfing Spectacles with Con-

cave Lenfes, (1.) Do behold things at a nearer
Dijfiance than they are. (2.) That Objeés ap-

- pear lefs. bright -to them; for the Rays being
: jl‘;)read wider by the Lens, they cannot enter the .

upil in fo great a Quantity as otherwife, and

- fo the Object cannot be fo much enlightened.

(3.) Their Eyes are amended, and made better
by Age, contrary to what happens to all other
People. For as the Fault of their Eyes pro-
ceeds from a too great Protuberance -of the
Cornea, and Cryfialline Humour ; fo this and

- the Aqueous Humour leffening by Age, di-

minithes the Convexity of-the Eyes by De-
_grees, and renders them capable of viewing
diftant Objeéts better and better.

Ay

CHAP
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CHAP IV.

Of the Camera Obfcura, or dorkered

 Chamber, and the Inflruments per-
taining thereto; by which Means tha
Images, or Piftures of external Obe

- jebs, are curioufly painted in their
natural Colours and Motions.

1. HE Words Camera Of[;ura, literally
* interpreted, is a darkened Paoult or
Roof ; and from thence it came (with a little
Difference) to fignify a Chamber, or Box, ot
any Place made dark for Optical Experiments.
2. The Camera Obfura is, tho' a fimple,
yét a very curious-and noble Contrivance ;- in
as much as it moft clearly and natorally ex-
plains the Nature and Manner of Vifion in
the Eye, and, at the fame Time, entertains
the Spe@ator with a moft exquifite Picture of
the Objeéts without, in their natural Propor-
tions, Colours, and Motion, more. vivid and
beautiful than the Life it felf;; filling the Be- °
holder with Delight and Surprize. oo
3. The Way of making a dark Chamber -
is yery cafy, and not expenfive, ap}i is me "
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follows The Chamber or Room propofed to
be darkened, thould have Window-Shats to
each Window, which being clofe thut, thould
be fo trae to the Frame, as toetclndcall
Light poffible.

4. In one of theWmdow-Shutsthete i to ‘
be a circular Hole cut, aboot 3 or 4 Inches
Diameter, in fuch a Pattthercof as is judged

' moft convenient, and capable of taking in a
- good View or Profpc& of external Objels.

i g g e

5. In this. Hole is placed an Inftroment
called a Scigperic Ball, which-bath three Parts,
wiz. A Frame, a Ball and a .Lens. The
&amc mnﬁﬁ;th of tw‘;1 cxrculatgfpxcccs d;of

ood, made fpherically hollow
mxddle, and {crew into each other. Ix?tli%z hol.
low Part is placed a fpherical Ball of Wwd, con-

~ tained by the two Parts of the Frame forewed

together, and is voluble therein more or. lefs

- cafily, as the two Parts of the Frame are

ferewed lefs or more tight ther. In this
Ball is a circular Hole made thso” the middle,

. which hath a Screw at each End, in which

; is phced and fixéd a Lens, either a Deuble or.

e gy

Plano-Convex. |

6. The Scioptric Ball of this Strutture, is
a Sort of Artspcial Bye, which very aptly re-
prefents the Natural Eye in Form and Office
For (1.) The Frame or Secket anfwers to the

" Orbit of the Natural Eye. (2.) The Woaden
y ‘Ball, which susns ever Way in the Frame,
lefcmbiw the Globe. of the Eye voluble every

Way
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Way in it's Orbit. (3.) The Hol through |
the Wooden Ball, reprefents the Pupil of the

- Eye. (4.) The Convex Lens in the Ball, cor-

refponds to the Cryflalline Humour i the Eye.
(5.) The Dark Cbamber it felf, is like to the
internal Part of the Eye, which is lined all
about, and under the Refina, with 2 Mem~ -
brane, over all which is fpread a Mucus of a
very black Colour. (6.) The White Wall, or
Frame of white Paper to receive the PiGture |
of Objeés on in a dark Chamber, is the true
Reprefentation of the Refina in the Eye.

7. So that the Structure of the Scigptric
Ball and the Eye is perfe@ly. fimilar;.and the
fame Agreement will be found in the Offices
of every Part of each. For (1.) The Frame
of the Scioptric Ball is fcrewed or tacked .up-
on the Hole in the Window-Shut, as the Eye
is faftened within it’s Orbit by Mufcles. (2.)
The Ball is voluble in the Frame every Way,
to take in a View of Objects on every Side, as
the Eye' is in it's Orbit. (3.) The Hole in
the Ball is, for the Admiffion of a competent
Quantity of Rays, as is the Pu]l:il in the Eye.
(4.) The Lens in the Ball colleéts the Rays,
and unites them at it’s focal Diftance, where
it makes a PiGure of the external Obje&t placed

‘before it; which is the Office of the Cryftal-

line Humour in the Eye. (5.) The white
Wall or Paper, held in the Focus of the Lens
in the Chamber, is to receive and fhew the
faid Picture. of Objects.to Spetators; as the

Retina
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Retina prefents to the Mind a View of the
PiGure made on it by the Eye. (6.) The
Chamber is made dark to render the Picture
vifible; as for the fame Reafon, the internal
Part of the Eye is furnithed with a black
lining. ‘ , .

+ 8. I fhall give an Illuftration of this Matter
in a curious Scheme, which I have borrow-
ed from Dr’sGravefande, (See Fig. 1. Plate
XXIII.) where EF reprefents a darkened

 Room or Chamber; in one Side thereof IK

is made the circular Hole V; in which, on
the Infide, is fixed the Scioptric Ball; at fome
confiderable Diftance is exhibited a Profpe&t

or Landtkip of Houfes, Trees, &c. ABCD. - -

The Rays which . pafs from this Profpe to
the Lens V in the Ball, are by it converged to
their refpecive Foci, on the oppofite Wall or
Side of the Chamber G H, where they all to-
gether paint a moft lively and beautiful Pic-
ture of all the Obje&s in the faid Profpe¢t.

9. This is Nature’s Art of Painting, and
it is with Eafe obferved, how infinitely fupe-
rior this is to the fineft Performance of the
Pencil.  For, (1.) You have here the Per-
Jpective in’ Perfeétion; that is, the juft Dimi-
nution of Objeés proportionate to the Diftan-
ces, or the Proportion of the Images to the
refpective apparent Magnitudes of the Objects
to an Eyeat V. (2.) The Colouring is here
perfe@ly juft and natural; and not only that,

but very much heightened, and rendered moge
beautiful ;



162 The Theory of D1orTRICS. ™

beautiful; thus green Obje@s appear mare in-
tenfely green in the PiQure; yelbw, red, blue,
or white Flowers, appear incomparably more
beautifully fo in the PiGure. (3.) The Ligbss
and Shadows are not only perfectly juft, bat
alfo greatly heightened, and make the Images
appear extremely promipent and natural. (4.)
The Motions of all the ObjeCs are exadtly ex-
prefled in the Piure; the Leaves guiner, the
Boughs wave, the Birds fly, the People walk,
the Catt is drawn, the Smoke afcends, the
Clouds fear, the Ships fzil, &c. and all as
natural as the Life, and much quicker, as it
is performed in a lefler Scene.

10. Thefe are the inimitable Perfetions of
a_Picture drawn by Nature’s Hand'; in Com-
parifon of which, how meap, how- caarf,
how imperfet, yea, what forry. daubing is the
finctt aptificial Painting! Selet the . pecaliar
Excellencies of the principal Artifts, the juff
Proportions of Rapbasl, the natural Tints of
Titian, the pure Stile of Corregio, the Deco-
rum of Tibaldi, the Terrour of M. Angel,
the Air of Guids, the Defigning of the Ro-
mans, the Sbadewing of the Venstians, anpd
the Colouring of the Lombards, all united
would be unable to cffe@ o hoifhed a Piece,
in any Branch of their Art, as Nature cap
exhibit with a_fingle Lens only. The Camera,
Qbfcura is, at the fame Time, the. Painter’s
Aid and Reproach ; from hence he receivea
the beft Inflruélions; from. hepce he learns

. ‘ , his
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his Imperfetions ; hére he views what he -
fhould do, and knows it is what he cannot
do. : : - .
. 11. There is one thing which’ may be
thought an Imperfe@tion in the Pifture of a
})ark%}a:?m, and that is, the smverted Po-
ftion of. the Images; but, fri@ly fpeaking,
“this is not o, becaufe Naturo has ﬁxrni(}xed us
with feveral Methods to make the Picure

 erelf. For if it bea Sheet or Frame of Pa-

r which receives the PiGture;. it is but hold-
ing it before you, and looking downwatds on
it, and every thing is right. . Or if you ftand
before the I?i’&i;rc, take a Looking-Glafs, and
« hold it againft your Breaft under an acute

Angle, and looking therein you will fee all
the Images of the Picture reftored to their
natural or erect Pofition ; and not only fo,
but the Reflection of the Mirrour will give it
fuch a-Glate or Luftre, as makes it feem: ver
ﬁn’prizin% and delightfuk  T'his may likewi‘z
be done by placing. a large Consave Mirrouwr
before the Picture at fuch Diftance, that the
Image of the PiQure may appear before the
Mirronr, which will then be ereft and pen-
dant in the Air. e

12. There is another Methed of erecting
the Images on the Picure, and more direét
than any of the foregoing, but yet is neither '
fo eafy to.be done, nor fo good if it be done,
as it is by. them; and that 1s by placing ano-
ther' Convex Lens behind the Paper or Parti-
' - L2 " tion,
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tion, which receives the firft PiGure at twice
the focal Diftance of the faid Lens; if then
a Hole be made in the Partition to permit the
Rays to pafs on to the fecond Lens, (which
muft be placed in the Axis of the firft) there
will be a PiGture foinfed thereby, wherein the
Images will be eref?, and as large as in the
firft, but not fo bright, nor will the Field or

"Extent of the Pi&ture be confiderable; and

therefore as this Method is feldom pra&icable,
fo it is as little worth while. _ .

13. In making a Dark Chamber, the Glafs
fhould not have too fmall nor yet too large
a focal Diftance. For if it be too fhort, the
Images will be very fmall, - and not diftin&
and difcernable, and will be fo near the Win-
dow, that there will not-be Room for' a Per-
fon to ftand to view it. “The Lens fhould

-have it’s Focus at three Foot diffance at leaft.

14. On the other hand, the foca! Diftance
of the Lens fhould not be #w large; for if it
be larger than the Diftance of the oppofite
Wall, your Defign will‘be fruftrated, as you

‘can have nothing to receive the PiGure upon.
- And if your Room or Chamber be very large,
"yet will the Picture be faint, and the Images

lefs pleafing on a double Account. For, (1.)
The focal Diftance being very great, the
Images will be proportionally large; and there-
fore the more faint and obfecure. (2.) The

"larger the focal Diftance, the larger the Dia-
“meter of the Lens, or the Hole in the Scioptric

Ball,
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Ball, which therefore will admit too much
Light, for the Chamber to be fufficiently dark
for viewing the Picture; and if you make
the Hole fmaller, there will not enter Light
enough to make the Images vifible at fo great

a Diftance.
15. The Focus then thould not be at a lefs

" Diftance than. 3 Feet, nor at a greater than
.15 or 20 at fartheft; and thofe from 6 to 12

are by much the beft of any. If it' happens
that your Lens_be too thort a focal Diftance,
you may magnify the Images to almioft what

. Degree you' pleafe, by viewing the Picture

with a large Convex Lens in your Hand;
by this means you may fupply the Want of
Lenfes of diftant Foci, which are very fcarce
and dear; and thus a Lens of 5 Feet may
be made to.anfwer the End of one of 15
Feet.© =~ . - - L

- 16, A Dark Chamber ought never to-be at-
tempted but when the Sun fbines;, for it is rie-
ceflary the Obje&ts, which are intended to make
your Landfkip, fhould be ftrongly illaminated
by the Sun-Beams ; -otherwife the Piture,
which ought to be vivid, bright, and beauti-
ful, will appear obfcure, dull, and of a dirty
Hue; as the Obje&s themfelves would appear
by Twilight. ' .

- 17. Whence it follows, that a South:Win-
dow is never fo be ufed for this Purpofe; be-
caufe the Sun can never enligliten the™North

- Side of the-Object, which alone can betakept

L3 . in



166 The Theary of Dx,'or'm:cs.

" in by a South Window. Befidss, the Sun in
this Cafe would be apt to thine an the Glafs,
which would make the Picture appsar with
a falfe or confufed Luftre, and therefare you
ought to be very careful always to avoid that
thing’s happening.

18. An Esff Window will do very well in
the dfterngon, asa Weftern will for the Morn-
izg; but none is fo_gaod, or will make fo
noble and glorious a Picture as a North Win-
dew about Nopn; -for then the Sun being in

his Meridian Height, and fhining with the =

reateft Strength and Splendor poffible, the
%i&ure made in fuch a Cafe will far exceed
all others in Vivacity, Beauty, and Lufire.
~ 1q. This noble Experiment is not only ad-
~mirably pleafing gnd delightful in it felf, but
alfo very ufeful for many Purpofes of Bufi-
nefs, principally with Refpe@t to Perfpecisue,
Painting, Defigning, &c. Far whatloever is
to b drawn or painted, if it be firlk expofed.
t the Scigpric Ball, the PerfpeQtive thereaf
will be truly formed, and the Lights and .
Shadows for every Pofition, and A&ion of
the Ohjects, will b¢ reprefented juft a5 they
oyght to he in the Images of the Pidture, la
fhort, the Cgmera Obfcurq js the $chool in
which every Defigner and Painter ought to
lgarn the firt Rudiments of his Art. He ¢an
never, without this dark Education, turn out
3 bright Proficient, No Inftructions can come
- up 19 thefg of Nature; her Letlons are all %cg
. ¢
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fe& Patterns and Enfamples, and every one ex-
cels in Painting and Drawing fo much the more,
by how much the truer he copies after them.

20. And another great Convénience is, that
the Picture .of Objects may be made of any
Size you pleafe, either tefs or greater than the
Life, if the Objecs be moveable. For if you
place the Obje@ farther from the Ball than
" twice the focal Length of the Lens, the -
Images will be lefs than the Obje&; if they
are placed at juft twice the focal Length of
the Lens, the Images will be juft as big as the
Life; if they are placed nearer, the Images
will be greater than the Life; all which is
manifeft from the Theory, and which I have
before obferved in the practical Part.

21. Alfo for immoveable Objeéts, as thofe
of Houfes, Gardens, Fields,- Trees, &, if
you have different Lenfes, you may form the
PiGure of fo many different Sizes, the thorter
Focus making the leffer Picture, and the larger
Focus the largeft: But thefe Matters are {0 ob-

- wious, that I need not farther infift on them.

22. But the Ufe of the Camera Obfiura
does not reft in Drawing and Painting ; but
the Optician himfelf is greatly interefted there-
in. By this grand Experiment he demon-
ftrates ocularly the Principles of his Art. For
by admitting the Sun-Beams thro’ the Hole
of the Window-Shut  into the darkened
Chamber, he can acually fhew the Focus of
Parallel Rays by Refle@ion from Concave

‘ L4 Mirrours,
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Mirrours, and by Refration through Cozvex
Lenfes, to be juft as the Theory defines them,
by holding thofe Glaffes in the faid Beams.
Thus alfo he fhews, that the Sun’s Rays, after
Refle&tion from Convex Mirrours, and after
Refraction through Concave Lenfes, are ever
made to diverge agreeable to the Theory of
Parallel Rays.

23. Again, by holding a large Convex Lens
in the Sun’s Rays, he can by that means pro-
duce Diverging and Converging Rays in any
Degree, and fo can prove the Truth of all
thofe Properties of Convex, Concave, and Me-
nifcus Glafles, with refpet to thefe Rays, as
the Theory teaches. AMNo the Ratio or Pro-
- portion of the Sines of the Angles of Incidence,
and Refra&tion in Water, Oil, Glafs, &. is
cafily proved to be as it is ftated. =

' 24. The Reafon and Nature of Telefopes
and Microfcopes is demonftrated to the Senfes
hereby ; for if the Glaffes in either be taken
out of the Tubes, and fixed at their proper
Diftances, on a ftrait Piecg of Wood, fo that
the Sun Beams fall directly and fully on the
Obje&-Glafs, you will then fee the Forms
they take in their Courfe thro’ the Glafles
fixed at their proper Diftances, to be fuch as
the Theory points out, and .are neceffary to
anfwer the Purpofes of thefe Inftruments. =

25. But in making Experiments with the
Sun-Beams in a Dark Chamber, fince thofe
Rays fall with great Obliquity, efpecially in

: - the
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the Summer-Time, and fo the more inconve-
nient for Ufe, the beft Way is to fix a fmall
Plain Mirrour to the under Part of the Frame
of the Scioptric Ball, immediately next the
Ball itfelf, by a Hinge, that by moving up
and down it may receive and refle& the Sun-
Beams in any DireGtion whatfoever; and as
by this Contrivance they may be made pa-
" rallel, it will be found extremely ufeful and
expedient on many Occafions. '
26. If the Mirrour be fixed to the Ball it
felf, then may the Cylinder of Rays be not
only caft in any Diretion, but alfo to any
Part of the Room, than which nothing can
be more ufeful, as I have found in number-
lefs Cafes, having made this Addition to one
of my Scioptric Balls.

2g. One great Ufe of the Camera Obfeura,
is the eafy Method it fupplies of meafuring
-the focal Length of any Lens or Mirrour;
which otherwife is many Times very difficult
to be determined. This Matter is extremely
~eafy and certain for Convex Lenfes and Con-
cave Mirrours, becaufe they have a real and
very vifible Focus; and therefore fetting, one
End of a Rule on the Lens, the Diftance of
. the Focus is feen on the Rule in Feet, or
Inches, and Decimal Parts of an Inch,

28. But with refpet to a Convex Mirrour
or Concave Lens, which have no real Focus,
it will be eafy to find the Diftance of the
virtual Focus thus : Defcribe a Circle, fuppofe

- - o
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of 3 Inches Diameter, on a.Piece of clean
white Paper; hold this Paper directly behind
the Concave Lens in the Rays, and move it
to and from the Lens till the circular bright
Spot of the Diverging Rays exaétly fill the
Circle on the Paper, then meafure the Di-
ftance of the Paper from the Lens, and alfo
the Diameter of fo much’ of the Lens as is
concave ; then multiply the Diftance of the Pa-
per by the Diameter of the Concavity, and -di-

vide that Produfl by the Difference between the-

Diameter of the Circle on the Paper and Con-
cavity of the Lens, the Quotient will be the
Difiance of the virtual Focus of the Lens. In
the fame Manner the faid Focus is found for
a Convex Mirrour.

29. Another grand Experiment of the Dark
Chamber, is fhewing the Spots om the Sun's
Difk. This is cafily done, by putting the
Objet? Glafs of a 106 or 12 Foot Telefcope in-
to the Scioptric Ball, which turn about till it
be filled with the Sun’s Rays, then holding a
Sheet of white Paper in the Focus of the
Lens, you will fee a moft exceeding fair and
bright Image of the Sun formed on the Paper
of about. an Inch Diameter, in which the
Spots on the Sun’s Surface will be very di-
ftin&ly feen, and will afford a very pleafing
Spectacle. This Image is rather too bright to
be viewed without Offence to the Eyes; and
therefore fhould be viewed through a large
Lens of about 6 or 8 Inches focal Diftance,

‘ s which

]
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. which will magnify both the Image and it’s
- Spots to a very great Advantage, .
-~ 30. The Dark Chamber might alfo be made
to. anfwer the End of a moflurnal .or aérial
- Telefcope s for if an Obje@ Lens, whofe fo-
. cal Diftance is 12, 15, or 20 Feet, were fixed
in the Ball, it would give a large Image of
‘the Moon, and a fmall one.of Venus, Fupiter,
- and Satyrs; which may be {o far magnified

by one ar more fmall Lenfes, fuch as are the
Eye-Glafles, that the Phafes of- the one, and
the Satellites, Belts, and Rings of the other
may, in all likelihood, be rendered vifible
and diftin&; as I have Reafon to think from .
fome Experimaents I have made with Lenfes
of a fhorter facal Diftance, not having Room
to try tl})xe large& ‘ ;

1. Divers Microfcopical Experiments are
alfg to be exhibitcd/ in the Dark Chamber, -
both by Conuex Lenfes and Concave Mirrours,
Thus if you fit a Tin or Paftboard Tube into
the Hole of the Scioptric BRall, and make an
Apertyre on each Side to flide a Picce of
Glfs throngh freely, and then ecither in or
upon this Tube you put another, containing
two Lenfes properly difpofed; this may be
moved backward or forward till fuch times
as it gives clear and very large Images on a
Sheet of Paper, of fmall Objects that are
fluck upon the Slip of Glafs aforefaid, which
are f{trongly illaminated by the Sun-Beams
pafliog thro’ the Ball for that Purpofe. . \

o 32, The

*
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32. The fame thing is fo be done with a
Concave Mirrour, thus: Let a Cylinder of
Rays fall on a largc Concave Mirrour, fixed
in a Frame for that Purpofe; then take the
Slip or thin Plate of Glafs, and having put
any {mall Objeés thereon, hold it in the in-
cident Rays a little more than the focal Di-
" ftance from the Mirrour; then will you fee
on the oppofite 'Wall the Images of thofe
fmall Objecs very large, and exceeding clear
and bright among the refleted Rays. This
is a moft eafy and delightful Experiment,
which I have often tried with great Pleafure
to my felf and others.

The new and noble Doétrine of Colours,
and”the 4 ifferent Refrangibility of the Sun's
Rays, were the Refult of Experimentg by the
Camera Ob/cura, if you-admit a- Cylindér of
Rays, about 3 of an Inch Diameter, into the
darkened Chamber, and ‘therein hold @ tri-
angular Glafs Prz/'m you will find, by turning
it a little upon 1t's Axis, the Place where the
Rays in pafling through it will be refracted in
a different Degree, fome more, fome lefs;
and by that means will paint an oblong Spec-
trum or Image of various Colours moft ex-
ceeding ftrong and vivid ; and in the following
Order, Violet, Indigo Blue Green, Yellow,
Orange, and Red. Thxs is 2 moft furpnzmg—
ly fine and agreeable Pbenomenon, which, to-
gether with divers other Expemmcnts relatmg

‘ - thereto,
I N -
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CHAP V.

Of Microfcopes in general ; of fingle
Microfcopes in particular, made with
a fmall Lens, Spherule, or Mirrour.

L. HE Word Microfecspe imposts an In-
Sfirument for viewing wvery fmall Ob-
7etts. 1 have before obferved, that Nature
has fo formed the buman Eye, that we can’t
diftin@ly view an Object at a nearer Diftance
than fix Inches; and fince there is an Infi-
nity of Obje@s, which at that Diftance ap-
ar either as Points, or are wholly imper-
_ceptible, whatfoever Inftrument or Contrivance
will render fuch minute Obje&s vifible and di-
Stinét, we properly calt a Microfiope.

2. It is ufual to fay that the Microfiope
magnifies Objects feen through it 3> but this is
true only with Regard to the apparent, not
the real Magpitude of Objects; they indeed
- appear to be larger with than without the
Microfcope, but, in Truth, they are not;
and the -Reafon why they appear to be mag-
nified will be eafy to apprehend, by any Per-
fon who underftands what has been delivered
concerninﬁ the apparent Magnitude of Objects
in Chap. II, hereof.

3. For
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3. For there it was thewn, that the appa-

rent Magnitude of Obje@s is meafured by. the
Angle which they are feen under by the
Eye; and farther, that thofe Angles are reci-
procally as the Diftances from the Eye: . If
therefare, at the Diftance of 6 Inches; I can

hut juft difcern an Obje&, and:then by inter-

pofing a Lens,. or other Body, I can come to
view that very Obje@ at a nearer Diftance,
the Object will appear to be as much larger
througf: the Lens, than before to the naked
. Eye, as it’s Diftance from the Lens is les
- than it's Diftance from the Eye. .

' . 4. That this.is the Cafe, is evident from

Fig. 2. Plate XXIII'; where A is.a Point '

in an Obje& not. clearly vifible to the naked
Eye, at a lefs Diftance than A B, becaufe the
Rays which proceed from it are too divergent
to admit of diftin@ Vifien till they have pafd
fed that Diftance ; but if tht fame Object be
placed in the Focus C of the Lems D, the
Rays which proceed from it will become pas
" rallel, by pafliig theough the. faid Lens, and
. therefore the Object is diftintly vifible:to the
Eye E, placed any wherc before the Lens D.
'Confequently it will appear-as moch larger
through the Lens than to the naked Eye, as

CD islefs than AB. . ,
. 5. If:an Obje@ AB be placed inx one Fos
ens C of a Lens DE, and the Eye in-the
other Focus F; (Se Fig. 3.) the Eye will e
juf:fo much of the Obje® as is equat to the
- Diameter

SURN DRLIR S SUSEL YV S S
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Diameter of the Lens; for the Rays AD and
BE, which go from the Obje& to the Ex~ .
tremities of the Lens D and E, and are unit-
ed at the Focus F, muft neceffarily proceed
from the Obje& to the Lens parallel to the
Axis FC, and therefore parallel to each
other ; confequently the Part of the Obje&
A B, feen by the Rays DF, EF, will be
equal to the Diameter DE of the faid Lens.
All which is evident from the Theory.

6. If only the Part de of the Lens be open,
then only fo much of the Obje& ab, as is
equal thereto, will be perceived by the Eye.
Now fince AB is equal to DE, or ab to de,
therefore the Angle DFE, or dFe, is the
Optic Angle under which the Part of the Ob-
jeét AB or ab appears to the Eye at F; and
fince GF is but 4 FC, therefore.the Angle
DFE, or dFe, is double to that under which
.the Part AB or ab would appear to the
naked Eye at the Diftance FC. That is, the
Eye fees the Object, fituated as above, twice as
large with the Lens as st would do without it.

7. If you would fee a Portion of an Objeé?
larger than the Lens, your Eye muft be. placed
nearer the Lens than. it's Focus. Let the
Lens be DE, (Fig. 4.) it’s two Foci F and
C; in the Focus C let there be an Objet
AB larger than the Lens; fuppofe the Rays
AD, BE, proceed from the Extremities of
the Object to thofe of the Lens, it is evident
from the Figure they will be convergent, and

- therefore
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therefore will by the Lens be united in a
Point K, between the Lens DE, and it’s
Focus F: If then the Eye be placed at K,
it will take into it’s View an Object, or .
Portion of an Object, greater: than the Lens
DE. ‘ ‘ ‘

8. Again, let GH be a Portion of an Ob-
ject A B, lefler than .the Lens DE; draw
GD, HE, which will be Diverging Rays,
and therefore will be united at a Point I, fg -
ther diftant from the Lens than the Focus F:
Hence if an Eye be placed farther from the
Lens than it's focal Diftance, it can never fee
any Object, or Part of an Object, at one View,
Jo large as the Lens, but always fmaller. And
“univerfally, the wvifible Part of an Object will
be to the Lens, as the focal Diflance of the
Lens, to the Difiance of the Eye. All which
may be eafily deduced from the foregoing
Theory. _ :

9. Since then it is evident, the Nature of a
Convex Lens is fuch as will render an Object
diftinctly vifible to the Eye, at the Diftance
of it's- Focus, ‘the Reafon why they are ufed
as Microfcopes is exceeding plain. For fup-
pofe the Diftance AB (Fig. 2) be 6'Inches,
where the naked Eye B, can but juft perceive
the Obje& A diftinctly, and let the focal Di-
ftance CD of the Lens D be ¢ an Inch;
“then fince CD is but 5 of A B, the Lengzh of
the Object at C, will appear 12 times as large
as at A; if it were a Surface, it would be

M T 144
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144 times as great; and the Sokidity or Bulk
would be magnified 1728 times.

1o. If CD, the focal Diftance of the Lens |

D, be but ; of an Inch, then will that be but

+ of AB = 6 Inches, and fo the Length of
Objects will be magnified 24 times; the Suwr-

Jace 576 times, and the Solidity 13824 tirnes,

for thofe Numbers are the Sguare and Cube

of. 24. From whence it appears, that fngle

Glafs Lenfes make very good Microfcopes,

which have thefe Advantages, that the Object

appears moft clear, they lie in little Rooth,

may be carried about any where, are to be

had for a fmall Price, and are moft eafy to

be ufed.

11. The Form of fuch a Microfcope, which

I think moft convenient, is that in Fig. .

where AB is a circular Piece of 'Wood,

Ivory, &c. in the middle of which is a fmall

Hole, ;5 of an Inch Diameter ; upon this

Hole is fixed, with a Wire, a finall Lens
C, whofe focal Diftance is CD. At that Di:

ftance is a Pair of Plyers DE, made of a

Watch Spring, and open’d by means of the

two little Studs a, e; with thefe you take up

any fmall Object O, and view it with the

Eye placed in the other Focus of the Lens

at F. And according to the focal Length of
the Lens, the Object O will appear more or-
lefs magnified, as reprefented at [M. If the

focal Length be ¢ or 3 of an Inch, the Lengtb,

Surface, and Bulk of the Object will be mag-

nified




. " Tbe Theory of DiorTRICS. 179
nified, as.exprefled in Article 9 and 10 here- *-
‘of, This fiall nftrament may be put iato
a Cafe, ‘and carried about ‘in the Pocket with-
.out any Incumbrance. I have made Trial of
varioué Lenfes, and find thofe whofe focal
. Lengths afe <, %,.and % of an Inch, the
] for common Ufe, .. - P

. 12. 8ince the nearer the Eye can approach
to an Objed, the larger it appears, it is plain
& double and equally Gonvex Lens is far prefer-
able to a Plamo-convex Lens; becaufe if the
Sphere or Convexity be the fame, the focal
Length of the former, is but half as long as
of the latter: And fince ‘the Double-Convex
confift of two Segments of a Sphere, the
more an Objet is to be magnified, the goeater
muft be the Convexity, and therefore the
fmaller the Sphere ; till at lat the wtmof De-
gree of magnifying will require that thefe Seg-
ments become Hemifpheres, and confequently
the Lens will be reduced to a perfect Sphe- -
rule, or very fmall Sphere. '

13. With thefe fmall Spherules extraordi-
nary Degrees of magnifying may be arrived
at; for as I have fhewn in the Theory; the
Focus of Paraflel Rays is but at § the Radius
. diftant from the Spherule ; therefore if the
Radius of the Spherude be = of an Inch, the
. Eye will have diftinct Vifion of an Object by
means thereof, at the Diftance of a Radrus
and baif, i. e. X of an. Inch, which, as it is
but the 4oth Part of 6 Inches, fhews that the
: M2 ~ Length
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Length of an Object will be magnified 40
times, the Surface 1600 times, and the So/;-
dity 64000 times, by fuch a-fmall Sphere.
"14. If the Rddius of a Spberule be but % of
an Inch, then will the Eye have diftinct Vi-
- fion of an Object at the Diftance of % of an
Inch, which, as it is but the 8oth Part of
6 Inches, thews the Length of Objects will
appear 8o times, greater, the Suwrfaee 6400
times, and the Bulk 12000 times greater
than to the naked Eye at 6 Inches Diftance.

15. Again, if the Diameter of a Spherule
be ; of an Inch, or the Radius ;, then will
the Eye approach- the Object fo near as ;5 of
an -Inch, which is but the 16oth Part of
6 Inches; and therefore the Length of Ob-

- jects. will be magnified 160 times, the Sur-
face 25600 times, and the Solidity 4096000
times by this Spherule; which is fo great a
Power of magnifying, as furpafles all human
Imagination and Comprehenfion.

16. And yet there are Methods of making
Spherules as fmall, and fmaller than any
above-mentioned. I fhall mention only two
Ways of doing this: . The firft is by breaking
a Piece of clear white Glafs into very {mall

- Particles, which are to be taken up by the
Point of a fine Needle, and held in the blue
Part of the Flame of a Candle, or rather of
a Lamp burning with Spirits of Wine ; which
by means of a Blow-Pipe, will immediately
melt the glafs Particles on the Point of the

C e : Needle;
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Needle; and being melted they will paturally
run into a roundith Form, and, by a pro
Motion of the Needle, which a little Practice
will teach, they may be brought to a true
- fpherical Form. And as there are more or

lefs Particles on the Needle, the Globule will
be greater or {maller.

17. The other Way is' by melting a Piece .

of fine Glafs in.a fmall Crucible, or Bowl of
a Tobacco-Pipe, and thep by dipping there-
in the End. of a Wire, you may draw out
very fine and long Threads of Glafs, which,
when cold, are to be broken into proper
Lengths; and one End of fuch a Thread put
into the Flame of a Candle, will immediate-
ly melt, and run into a round or globular
Form, which, when you think is big enough,
15 to be taken out, and broke off the Thread.

18. In either of thefe Ways, great Care
muft be ufed not to hold them long in the
Flame after they are melted, left they are
burnt, and thereby rendered opake, and un-
fit for Ufe. The few that are good, among
‘the many you make, ‘are to be well cleanfed,
and let into 2 very fmall Hole in a. Piece of

" Brafs, in order for Ufe.

19. In ufing thefe Spherule Microfcopes, the
Objects are to be placed in one Focus, and
the Eye in the-other; and fince the Focus is
fo exceeding near the Glafs, it is impoflible
to view any but pellucid Bodies; for if any
opake Object were to be applied, the Eye

. M3 - being
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being as it were juft on the Spherule, would
entirely prevent any Light falling on it, and
it would be too obfcure to be viewed. -

"20. It was with thefe Sort of Microfcopes,

that the famous Du#ch Philofopher Mr Leeu-
wenboek made fuch wonderful Difeoveries ; and
it muft be with thefe, if with any, that the
Corpufcles or Atoms, of which Bodies con-
fift, are to be difcovered ; which the great
Sir Ifaac Newton thought was pofiible, But
the great Difficulty of making very fmall,
and, at the fame Time, wvery good ones;
their Prejudice to the Eyes in poring very
hard and near, the Trouble of pofiting Ob-

- jects at a due Diftance, and the very fmall

Part which can be feen of any, “makes this
Sort of Microfcopes vety little known or

21, In Fig. 6. let A BH -reprefent a fmall
Globe or Spherale, whofe Center is C, and

. Radius CB; alfo let GBbe = 1 CB, then

will the Point G be the Facus of Parallel Rays

paffing, thro’ and refracted by the faid Sphe-

tule ; -and therefore, if an Object EF be
placed in the faid Focus G, it may be di-
ftinctly feen by an Eye in the other Focus of
the Spherule. Suppofe now the Spherule be
temoved, and in the Place of it’s Center be

- placed the Lens L N, whofe Radius is CG;
then will G be alfo the Focus of the faid

Lens, and the Obje&t EF . will be diftinctly
fuch a Lens alfo. And fince the Angle ECF,
. . , under

|
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under which the Object.appearsat the Center
of the Spherule and Lens, is the fame, the
QObject will be equally magnified by them
both. But CG, it’s Diftance from the Lens,
is three times greater than B G, it’s Diftance

- from the Spherule; and therefore much more

Light will fall on it when viewed by the
Lens, than can when viewed by the Sphe-
rule; and confequently in all Cafes, where
the Power of magnifying is not required to
an extreme, the Ufe of a Lens is much pre-
ferable to that of a Spherule. - "
22. The next Sort of fingle Microfcopes

.are thofe made.of Concave Mirrours ; and the

larger the Mirrour, the fitter for the Purpofe.
One 10 Inches Diameter, and 12 Ihches fo-
cal Length, will do very well. By fuch a

Mirrour, a fmall Object, may be made to -

appear very large either behind ar before it.
23. The Diftance at which an Object
fhould be- placed, in order ta magnify it any
propofed Number of Times, at a Focus be-
hind the Glafs, is found by the Rule delivered
in Art. 11. Chap. VI. Part I. Thns fup-
pofe I would magnify the Diameter of a {mall
Object 10 times, I find by that Rule, that it
‘muft be placed 10 % Inches before the Mir-

. rour ; and when the Diameter, or Length of -

an Object, is-magnpified 10 times, the Surface
will be magniied an 100 times, and the
whole Bulk 3 1000 times. This is a very
confiderable Effect, and is attended with this
S M 4 peculiar

.g‘l
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peculiar Advantage, that not only a fmall
Part of one Object, but the whole of diverfe
Objects is here exhibited to the View, which
makes it pleafant and delightful to bebold.
24. The other Way of magnifying Ob-
jects at a Focus before the Mirrour, is that
already defcribed in Chap. 1V. Art. 32, as
being performed in a dark Chamber. There
remains one other Sort of fingle Microfcope,
which confifts of a Glafs Globe filled with
Water, which ferves for magnifying the fmall
" Animalcule therein very well; this was the
Difcovery of Mr Stepben Gray, and is as
follows. \
25. Let KL be a Globe filled with Wa-
ter,.-and A B two parallel Rays falling there-
on, of which let BH be the Axis of the
Globe, which paffing through the Center C,
will fuffer no Refraction; the Ray A will
be refracted to a Focus F, diftant from the
Globe H, the Diameter thereof, 7.e. HF =
BH, as may be deduced from the Theorem
in Art. 16. Chap. I. of Digptrics, by putting
I to R, as 4 to 3; which is the Proportion
of the Sine of Incidence, to the Sine of Re-
fraction out of Air into Water.
~ 26. Let us now confider the refracted Ray
A G, as reflected from the Concave Surface of
the Globe at G, to the Focus E in the Axis.
Then will an Object placed at E be feen by
Reflection in the fame Manner, as an Object
at F will be by Refraction. ‘Through the
- - : Center
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Center C,draw MCI, and to the Focufes
E, F, draw the perpendicular DE, and 1F:
Now fince unequal Objects IF, DE, are feen
under equal Angles ICF, and DCE, at the
Center C, the Angles under which equal Ob-
jects will be feen at E and F, will be as CF
to CE, by what is' faid in Chap. IL "of this

Part.

27. Now the Ray A, by it’s firft Refrac-

tion, will tend

to a Point P,

which will be
~ diftant from the
Point four times
the Radius CB,
that is, BP =
4.BC, and there-
fore HP=2CH,

as & eafy to de-
. duce from the -~

Theorem in Art.
6. Chapter I, of
Dioptrics. Then
put HP =4, and

CH =r, wefhall ‘

find HE = £, by
Theor. 17, in
Art: 18. Chap-
ter III, of Ca-
toptrics, viz.
dr
—2d~—r

P

M

=f for in this Cafe d=12r, and

therefore
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comes —27—
—z2d—r
r.—:—-..—*r:,f::HE; and fa CB

ez 4r: byt CF =2, therefore CF: CE::
griyiiei}ii0:3::3%:1. Andocop-
* fequently an Obje@, in the Focus of Re-
flection B within the Globe, will be magni-
.fied 3 4 times more than it would be, if
placed in the Focus of Refraction F, withont
the Globe. ‘

28. Now fuppofe the Glabule K L were §
of an Inch. Diameter, then would the agp,a—
rent Magnitude of Objects at F, by Refraes
tion through the Water, be to the apparent
Magnitude at 6 Inches from the Eye, gs 6
to 4, oras 30 to 1; and therefore the appa-
rent Magpitude at E, by Reflection, will be
as 3 jtimes 30, thatis, 1ap times magni-

*

therefore the Thearem bgcomes

2rr
o= —

CHAP
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CHAP VL
dovble or compound Microfeopes, via.
bofe which confiff of two Lenfes;
ind vhe Manner of computing their
Power of . magnifying. |

F a Machine be conflructed with more
than on¢ ‘Lens or Mirrour, proper for
agnifying fmall Objects, it is called a dbuble

: compound Microfcope 5 fuch as is that repre-

. mnted m Fig. 1. Plate XXIV.

72, In that Figure defis a fmall Lens,
alled the Object-Glafs, as being next the Ob-
ject acb. plaged a little below it to be view'd.
Suppofe the Focus of this fmall Lens be at Q. |
Then, as is plain from the Theory, if any

*Object acbh wese placed in the Focus O, the

Rays which came from any one Point diver-
gent an the Lens, would by it be fo refrac-
ted, that they weuld afterwards proceed pa-
tallel to one another; or their Focus wauld

| have been at an infinite Diftance,

" 3, It has alfo been fhewn, that if an Ob-
ject ab be placed at any Diftance from € G,
greater than the facal Diftance €0, the Rays
dc, fc, which come fiom any Point c, iz]di
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fall divergent on the Lens df, will be fo re-
fracted, that they will afterwards proceed con-
verging towards, and at laft unite in a Point
C, which will be the Focus of all the Rays
proceeding from the Object ab, for the Di-
ftance ce. . . ‘

4. Therefore the Rays which proceed from
the Poirits a, ¢, b, in the Object ab, will be
- refpetively reprefented at A, C, B, in the
aforefaid Focus ; and confequently ACB will
be the Image of the Object acb; in an 77~
werted Pofition, and is fo much greater than
the Object, as the focal Diftance e Cis greater
than the Diftance of the Object ec. Aid the !
lefier -e € is, the greater will Ce Be, and the
more will the Image ACB be enlarged, or
the Obje@ magnified: But, as before obferv-
ed, the Diftance ec muft always be greater
than the focal Diftance eo. All which things
are likewife demonftrated and exemplified 1n
the Theory.

5. In fingle Microfcopes, or thofe of one
Lens, we view the Image, or rather the Ob-
ject itfelf, at an affirmative Focus, or behind
the Lens; but in compound Microfcopes it is
otherwife: For here AB, which'is abfolutely
the Image of the Object, far diftant from it
at a negative Focus, or on that Side the Lens
next the Eye, is the Thing we view, and
confider it now as a new Object.

6. If then any Lens DF be placed juft at
it’s focal Diftance EC, from any Obje¢t A lI]},

. the
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_ the Rays which come from any Point C, will
" after Refraction through the Lens, proceed
- paralkl to the Eye at I, and there caufe di-
ftinct Vifion: Thus the Object A B, that is,
the Image of the Object ab greatly magni-

fied, will be clearly and diftinély feen thro’ a

fecond Lens DF ; and if the Eye’s Diftance
be lefs, cqual to, or greater, than the focal

~ Diftance EC, then fuch a Portion of the.

Xmage A B will be feen as is greater, equal tq,
or lefs than that Part of the Lens DF, which
is open. Note, this Lens DF is called the
 EyeeGlafs, as being next to the Eye in view-
ing Objects.

- %. Thus is Vifion performed in the Double
Microfcope, compofed of two Glaffes. I fhall
- now fhew the Power of magnifying in fuch a
- Microfcope, which will be eafily apprehended
in the following Maanner. I have before ob-
ferved, that no Object can be clearly and di-
~ ftinctly , viewed at a lefs Diftance than fix
. Incheg, and by many Eyes not fo near. But
fix Inches is the Number I fhall found my
Computations upon, becaufe I fhall then be
fure to be within Compafs. -

8. Firft, let us fuppofe d f the Objec?-Glafs
to be a double and equally Convex Lens,

whofe focal Diftance. eo = = of an Inch.

10

Then if an Obje& ab be placed at the Di-
ftance ec = 1 Inch, the Image AB will be
formed at the Diftance € C = 4 Inches, as is

manifeft
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manifeft from the Theory, .and the Rule ex-
emplified in Chap. X, Art. 1 and 2, Part IL.

9. Since then the Diftance ec-is but one
Inch, the Angle aeb, which the Object fub-
tends at the Lens de, is 6 times greater than
the Angle under which it would appear te an
Eye, at 6 Inches Diftance ; and therefore the
Length of the Object ab, will be magnified
6 times by the Object-Lens only. .

10. And fince the Angles aeb, and Ae B,
under which the Object and it’s Image a
~ at the Lens df, are equal, the Image AB to
an Eye at e, will appear equal to the Ob-
ject ab, 7. e fix times larger than the faid
Object at the Diftance of fix Inckes from the
Eye. -

yl 1. But fince the Image A B is rendered
vifible, by means of the Eye-Glas DF, and
is feen under the Angle AE B; the apparent
Magnitude thereof feen by an Eye at E, will
be to the fame to an Eye at e, as the Angle
AEB, is to the Angle AeB, or asthe Di-
ftance Ce, to the Diftance CE: But Ce is |
4 Inches; if then we fuppofe CE = 1 Inch.
The Image will appear 4 times greater at the
Eye-Glafs, than at the Obje@-Glafs; and
therefore 4 times 6, that is, 24 times greater
than the Object itfelf ab.

12. The Length being magnified 24 times,
the Surface of -Objects will be magnified 576
times, and the Solidity or Bulk 13824 times.
And the Effect of this double Microfcope is

' equal
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eqtial to that of a fingle one of a Lens, whofé
- ¥&cal Diftance is but & 6f an Inch, as is evis
-dent from Art. 10, of the foregoing Chapter.

13. Again, if the Diftance of the Object

& c be }of an Inch, and the Diftance E¢ be-
tween the Eye-Glafles remaining the fames
then will the Object a b appear as much greater
by the Eye-Glafs df, than to the haked Eye
at 6 Inches Diftance, a8 6 # greater than
yiz. 8 times. Then alfo, fince Ce =
Inches, and CE == 1, the Object will apprat
2 Yimes greater through the Eye-Glas DF,
than by the Object-Glafs df; and therefore
4 times 8, that is, "32 times greater by beth
than to the naked Eye. The Lengsd being
magnified 32 times ; the Su#face will be mag-
- wified 1024 times; and the Bu/k 32768 times,
- by fuch an Object-Lens. -

- 14. If you ufe an Object-Lens that fhall
give the Diftance ec = } an Inch, .then will
#t magnify the Object ab 12 times, and the
Eye-Glafs DF magnifying that Image AB
© 4 times more; the Length of the Object will

. by both be magnified 4 times 12, vy, 48
times ; and therefore the Surface will be mg-
nified 2304 ‘times, and the Solidity 110592
times. :

- 15. In the laft place, if you ufe an Object
Lens, which gives the Diftance of -the Ob-
ject €¢ =1 of an Inch; then will the Ob-
ject be ‘magnified by that 24 ‘times, and 4
times moie by the Eye-Ghafs, and theref%ne

. ’ ¥
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by both 96 times; and thus the Surface will
be magnified 9216 times; and the Solidity '
884736 times, which is to a very great De-

ec indeed. : _

16. If you are defirous of knowing what
focal Diftances eo the 4 feveral Object-Glafles
muft have to give the Diftance of the Object
ec =1, 4, 4, 3, as above-ftated for Calcula-
tion, you find them according to the Rules of
the Theory, to be £, 2, 2%, 2% ; fuppofing
thofe Lenfes are double and equally Convex.
17. The Power of magnifying is to be va-
ried alfo by varying the focal Length of the
Eye-Glafs DF, for the' fame Object-Glafs
df; for as now, the focal Length E C being
1 Inch, the Lens DF magnifies the Image
AB 4 times, if the faid focal Length were
but £ of an Inch, it would magnify the Image
AB ;5 % times, for then Ce:CE:: 5% : 1.
And if CE-be but 4§ an Inch, then would
Ce:CE ::8:1; and fo the Lens DE would
magnify the Image AB, 8 times.

18. But we can't vary the -focal Length of
the Eye-Glafs DF at pleafure, or to that ad-
vantage as we can the Focus of the Object-
Glafs d f, for Reafons hereafter to be given.

19. There is yet another Way, by which
the Power of magnifying is to be varied or
augmented in this Microfcope; and that is, by
varying the Diftance between the two Glafles
DF and df, by means of two Tubes fliding
one within the other; in the uppermoétx is

ed
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- CHAP VI

Of Microfcopes compounded with thre
Lenfes, viz. an Objett-Lens, and

two ocular ones.

1. E have feen the Nature and Ef-
fects of a Microfcope, conftructed

with one and zwo Lenfes, let us now tontem-
plate the Nature and Conftruction of one of
three, viz. An Object-Lens df, and two Eye-
Glaffes, one a larger GK, and the other
lefler DF. This broad Lens GK is added
(not to increafe the magnifying Power, or Di-
Sinéinefs .of Vifion, for that is better effected
by one Lens DF, but) to increafe or amplify
the optic Angle, or to enlarge the vifible Area,
or Circle of Vifion in the Microfcope. Which
it does very confiderably, as is thus fhewn.

See Fig. 2.

2. Let ab be an Object fo pofited, that it’s
Image 4B may be formed at the Diftance
of eC, from the Lens df; at H fuppofe the
Lens GK intercept the Rays ¢eK and eG,
. which it will refra& towards fome Point in
the Axis,’as O; and confequently there will
be a new and lefler Image A B formed than
before, the Place of which is found by draw-

- ing

P Y |
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ing the Lires #H, BH, frot the Extremi-
ties of the firlt Image A4 B, to the Center of
the Lens; for they will interfect thé Rays
KF, GD, in A and B, the Place of the
Image AB. For if the Image AB be ¢onfi-
"dered as. an Object with régard to the Lens

GK, and F K, DG two incident Rays, they

will'emerge from the Lens in the Direction
Ke and Ge, and fince CH is lefs than the
focal Diftance of the Lens GK, the Rays of
every Pencil going from the Object A B, will

emerge from the Lens diverging, and tend to-

wards a virtual Focus C, where they form the
imaginary Image 4C B. But the Object AB,
and it’s Image A4 B, are feen under equal An-

gles AH B, from the Center of the Lehs H;,

and therefore the Lines /H and BH deter-

mine the Places and Proportioris of the Images

AB and AB. All which is plain from the
, Theory: . o

3. Let DF be another Lens placed at it’s
focal Diftance EC, from the Image A B,
which then will be diftinctly feen through it
by an Eye placed any where in the Axis E O.
Let Hc be the focal Diftance of the Lens
GK, dtaw @4, and join aH, then will the
Angle 2Hc be the optic Angle ander which
the half of the Object ac is feen through the
Lens GK ; and is tothe Angle ae € = zec,
(under which it dppears by the Lens df) as
ec is to Hc.

Nz 4. Sisce

]
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4. Since Ha == Hc, the Point a will be
the Focus of a Pencil of Rays falling oblique.ly

on the Lens G K, of which 2 H is the Axis, -

and 4K the extreme Ray ; and fince all the
Rays. of the Pencil emerge parallel from the
Lens in this Cafe, if KO be drawn parallel
to aH, O will be the Point in which the Ray
¢ K, after Refraction through the Lens GK,
will cut the Axis HO, making the Angle
HOK =aHc.

5. But the Ray KO, by the Interpofition
of the Lens DF, will fuffer a fecond Refrac-
tion through it at F; and to find what that
will be with the focal Diftance EC of the
Eye-Glafs DF, fweep the Arch Ce, and join
Ee, then will ¢ be the Focus of an oblique
Pencil of Rays falling on the Lens DF, of
which €¢E is the Axis, and eF an extreme
Ray. If then you draw F I parallel to e E,
it will be the refracted Ray, and I the Point
~ in which it cuts the Axis HO; making the

Angle EIF = CEe. '
6. From D and F let fall the perpendicu-
* lars Dd, Ff, on the Image AB; and if there
were no other Lens but DF, the Part df in
the Image is all the Eye could view in the
proper Focus L, for df = DF. See Art. s.
Chap. V, hereof. But now by means of the
Lens GK, the Rays KF and G D, which
terminate the Extremities of the Image, are

made to fall within the fame Aperture DF.

of the Eye-Glafs, and confequeatly the whole
‘ Image
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, Image AB is feen by the Eye at the Point I,
under the Angle EIF. ~

7. But this Angle EIF is to the proper
Angle ELF, as LE is to IE, by Art. g.
Chap. 11, of this. Now in order to exprefs
this Proportion in Numbers, we muft firft
find HO, for which the Diftance eH muft
be given, which fuppofe 5 Inches. Then
efteeming e as a Radiant Point from whence
proceeds the Pencil of Rays GeK, to the
‘Lens GK, whofe focal Diftance, or Radius
‘of Convexity Hc = 3 Inches. We fhall find

the Focus O of this, Pencil after Refraction,

='y. See Art. 36.

—

Chap. I, of the Theory of Diaptriés.

8. For here d=¢H = 3, r=Hc=13,
' dr

and y= H’O, to be found thus; b

d
by the Theorem 5 4

————
=

— I

X : . .
373 12—5- = 4.5 =4. Or thus by Ana~
logy, d—.r (ec):d(eH)::r (Hc): y (HO
_o-—__g }'7 3 Inches(. Haying thus found H{)S ‘fupz ‘
pofe the Diftance between the two Glafles
HE = 2 Inches, then will EO = 53
Inches; and if the Radius of Convexity E C,
of the Eye-Glafs DF be 1 Inch; we fhall
find EI, by the Theorem in Art. 38, Chap. I,
- ... Nz 0 o
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_of Catoptrics, viz. == y; far here d=

d—{r
EO=y535 r=EC =1, and y=EI;

therefore ;—_—é—— = 2-5 = a8 very nearly.

Or by ‘Apalogy, as d-—- é =CO =6.5):d
(=EO0=3535)::r(=EL=J) y(*-EI
= a.83, fere).

9. Therefore the optic Angle DLF proper
to the Lens DF alone, is to the amplified
Angle DIF, as0.8¢ to 1, oras 85to 100;
the vifible Areas therefore- will be as the
Squares of thefe Numbers, viz. as 7225 to
10009, OF 35 7 to 1Q nearly ; which Aug-
mentation of the optic Angle by the Addition
of the Lens GK s very conﬁde:ablc, and
renders the Pleafure of viewing Objects pro-
portionably greater. Now this Angle DIF
is greater or {maller, as the Diftance between
the Lenfes HE is greater or fmaller; for as
the Lens DF approaches to the Lens GK ‘the
Diftance EO approaches ngarer to an Equa—
lity with CQ, or EI with EL, thatis, the
Angles [ apd L become nearer equal; and the
contrary, as D' F is placed farther from GK.

10. The Degrec or Power of magnifying in
this given Combination of Lenfes, is com
table in the following Manner. Suppofe I
can feg the Line ac diftinctly at the Diftance
of 6 Inches, but by means of the Lens df
} can fee it at the Diftance ¢C, under the

Angle
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AngleaeC. Again, fince acC = @cc, and
Hc is the focal Length of the Lens GK, the
Object a C will appear to an Eye at H, under.
the Angle 2Hc, which is to the Angle gec,
(or aeC) as ec to cH. Laftly, the Angle
under which it appears by the Eye-Glafs DF
is EIF = CEe, but this Angle CEe is to
the Angle aHc = COe, as CO to CE.
Therefore the firlt Ratio of magnifying, 7. e.

: 6
by the Lens df is 6 : Ce, or é-, the fecond
Y

. . . ec
Ratio, by the\Lens GK isec:cH, or Z-ﬁ;

therefore the Appearance of aC at H, is to

€c

: 6
that at the naked Eye, as — x —. The
ec cH

,t‘birdiRatio is by the Lens DF, in regard of

— ~ CcO
the laft, as CO: CE, or -C—TE; and confe-

quently an Object ac will appear under an
Angle DIF, which is to that under which
it appears to the naked Eye at 6 Inches Di-

flan ‘CO"e‘c)‘6‘tox
ceasCE cH eC

11. To give an Example, let Ce = j an
Inch; cH =3, CE = 1; and the Diftance
eH=5; thea will ce = 2, and CO =

- 6.5, things remaiping as in Art. g. Téeg

N 4
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CO ec 6_6.5x2x6__78_;

—_— X —— — —_— =
CE cH eC 1 3 o35 1Lj§
§2. ‘Therefore the apparent Magnitude thro
the Microfcope, is to that by the naked Egye,
as. 52 to 1, for a Line, as 2704 to 1, for a
Surface ; and as 14068 to 1, for a Selid.

12. The Lens GK being removed, all
other things remaining the fame, the magni-
fying Power will be greater than before ; for

. Ce 6 6 6 36
—_— X — = - X — == —
it will be as CE “ce™ 1 "o5 o3
= 72, above a third greater than g2. And
by removing G K we are obliged to change
the Object-Lens df to keep the Diftances the
fame; yet if df were retained, the Diftance
ce would be o very little enlarged to bring
the Image 4 B, to the Situation A B, that if
the Lens DF be the fame, and at the fame
Diftance from df, the magnifying Power
will ftill be greater much by itfelf, than in
Combination with the Lens G K. '
13. Ifinftead of Hc = 3, we take it =4
Inches; then the optic Angle DIF will be
diminifhed,. all other things remaining the
fame, asin Art, 11. Fornowr =Hc=4,
and d = He = Ly and d—r—=ce=1;
dr  5x4
—r 1
and {0 CO = 19, and EO =*18. There-
fore to find- E1 we have d =EO ==.x%
: ' an

therefore =z20x==), or HO;
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and r=EL=1, andd4r=C0 = 19;

d 8
~and then r. — 0% = 0.95 ncarly, _

d—tr 19
which in this. Cafe is the Length of EI,
whereas before it was'but 0.85; (Art. 8.) and
" confequently the Angle DIF is now dimi-
nifhed in the Ratio of g5 to 85, or nearly as
to 8.
? 14. But the magnifying Power will bein— '
CO ce 6 19
creafed; for — X — x — = = x 2 x

CE cH eC 14

6
2 4 573 whereas before (Art. 11.)

o5 2
it was but 52; but fince this Increafe of the
magnifying Power is fmall, and the Diminu-
tion of the optic Angle very confiderable:
(Art. 13.)a Lens GK, whofe focal Diftance
1s 3 Inches, is prefcrablc to one of 4 Inches.
15. Again, if we make the focal Diftance
of the Lens GK equal to 2 Inches, other

things being the fame ; we fhall have

—r
..—._-5-—)(3::.-1-9'—333"*}10, and then
3 3
__ 133
EO = 133 = d; and fo d—{— 23? 4

0.56 = EI; and therefore the Angle DIF:
DLF ::1 :0.56:: 100 : 56, that is, the
* optic
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optic Angle at I, is almoft as big again as the

proper Angle at L.  But notwithftanding this

Advantage, fince the magnifying Power is di-
CO . ce 6

_* minifhed, (it being only — x — x — = ;

CE cH ¢C

PV L2 = 42.) and the great Convexi-
I 2 o5

ty of the Lens GK, diftorting and colouring
the Obje& about the Extremities, the focal
Length of three Inches is preferable to this
of 2 Inches; and confequently to any other
focal Length of G K, in this Conftruction of
‘the Microfcope.

16. In ‘this Combination of Eye-Glafies,

: . . CO ce
the Eﬁ'e& of the Microfcope is cE x 5 x

6
o to 1; but in a Microfcope with a fingle

Eye-Glafs DF, whofe focal Diftance is CE,
and the Diftance of the Image from the Ob-
‘jeét-Lens df, is Ce, hath it’s Effe in the

o Ce 6
i —_— — . If
Ratio of CE * — to 1 now we fuppole

an Obje@ ab, equally diftant from the Ob-
je@-Lens df, when diftin@ly feen in both,

. CO ce . :
.:thcnamwdmgasﬁx;—ﬁxsleﬂ?r,equal

7o,
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. ' C .
#0, or greater than 5—;—, the Power of magni-

fying, “in the former Microfcope, will be:
leffer, equal to, or greater, than the fame in
the latter, or that with a fingle Eye-Glafs.

17. If the focal Diftance of the Eye-Glafs -
DF, be the fame in both Microfcopes, - their
magnifying Effe@s will be in the Ratfo of

CO x 5% to Ce. Andif ce = cH, thea

 will their Effes be in the Ratio of g-% o
 Ce ‘

B If then we would have them magnify

equally in this Cafe, CE: EC::CO:C,,
- isthe Analogy. \ '
18. If the Microfcope bath the Dimenfions
. of Art. 11, the Aperture of the Lens G K.
being given, and the Diftance between the
Lenfes HE, the Aperture of the Lens DF
i given alfﬁ; far Ht(l)lenE}? ::GK: II)EF
Suppofe GK = 1.5, then HO =7.5: EQ
= 55::GK = 1.§:DF = 1.07. The
balf of which EF == o.53; whence we may
alfo find the Quantity of the optic Angle
DIF: for EI 2= 0835, by Ast. 13. Where-
fore we have this Analogy, AsIE = 0.85 is
. w0 EF = 0.53, fo is the Tangent of Radius

45°,
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45°, to the Tangent of 27°: 45’ feré, the !

double of which, viz. 55°: 30/, 1s the Quan-

tity of the Angle DIF, in ‘this Conftitution

of the Microfcope.’

-«

-

.+ CHAP VIL

Of the apparent Pofition of the Ob-

Jects, and the vifible Area, or Field

. of View, in a Microftope of Comvex
Eye-Glajfes.

Prate XXIV. Fig. 3.

1. . E have hitherto been confidering

the StruGure or Difpofition of .

Glafles, and the Power of magnifying in Mi-

crofcopes ; the next thing to be taken. Notice -

of is the apparent Pofition of the Objed, and
the Area, or Field of View, therein.

- " 2. In order thereto, let N, O, P, be Cones
of Rays coming from the Objet-Lens, and

!

painting in their Focus the Image ACB.

+ “This Image will be in a Pofition inverted, or
- contrary to that of the Obje&, as is evident
from Fig. 1 and 2, of this Plate; the Reafon
‘whereof has been fully explained before.

3 The
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. 3. The Image ACB we are now to con-
fider as an Obje& viewed through a Convex
Lens DF, by the Eye 4BQR. This Ob-
je€k, as being feen in the Microfcope, muft be
alfo conceived to be in the Focus of the Lens
D F, which is the Eye-Glafs; for in this
. Cafe only, the Rays AD, Ag, Ab, alfo Cn,’

Co, Cp, and the Rays BF, Bm, B/, which
come from the fingle Points A, C, B, will fall
- parallel on the Pupil QR, and if they do not
.. come parallel, thofe Points of the Obje& will

not be diftin@®ly feen, as has been fhewn in
Chap. 1, of this Part.

4. Now from the Points A, G, H, I, C, K,
L, M, B, fuppofe parallel Rays proceed to the
Glafs DF, in the Points D, g, b, 4, , 0, p,
k, I, m, F, then fhall thefe be all united in.
the Focus at E, in which we will fuppofe the
Pupil of the Eye to be placed where it will
then view as much of the Obje& A B, as is
equal to the Diameter of the Eye-Glafs DF ;
~ as was demonftrated in Chap. V, Art. 5.

5. The Eye being pofited in the Focus of
the Glafs, will by it's Humours converge or
unite the Rays which enter parallel on the
Retina, in the Bottom thereof ; and therefore
the Rays AD, Ag, A b, proceeding from the
Lens parallel to the Eye, will by it be united
on the Retina at A, and there reprefent the
Point A of the Objet ACB. "~ After the
fame Manner we conceive the Points B
and C in the Obje&, reprefented at B and G

in



306 The Theory of DiorTRrICS

in the Bottom of the Eye; and all the inter-
mediate Points G, H, I, K, L, M, after hav-
ing paffed the Lens, will traverfe in the Point
E, and proceed to g, h; i, k, |, m, where they
will be reprefented on the Retina.

6. Confequently 4C B on the Retina, will-
be the Image of the Object ABC, that is,

it will be the fecond Image of the fmall Ob-
je& ab, under the Microfcope, of which
AB is the firft enlarged Image. And fince
the Image AC B, is contrarily pofited to the
Image ACB, it will be rightly pofited with
the Objett itfelf, or the Objet ab, and it’s
fecondary Image 4B, have both the fame
Pofition, that is, their fimilar Extremities a, 4,
and b, B, liec towards the fame Parts.

7. Now it has been fhewn, that when an
Objet appears right or ered?, it’s Image in

the Bottom of the Eye will be inverted, or

have a Pofition contrary to that of the Ob-

je@; (See Chap. I, Art. 1, 2, 3, 4.) and there-

fore when the Image of an Object in the
Eye is the fame with that of the Obje& itfelf,
the faid Obje@ cannot appear right or ereé?,

but inverted or contrarily: pofited to what it

truly is. And fuch therefore is the Pofition
of an Obje&, as it appears through a double
Microfcope. :
8. The Pofition of the Obje@, in a fingle
Microfcope, is not altered; for let DF be
the magnifying Lens, and AB the Obje& in

one Foeus, and QR the Pupil of the Eye in.

the

D U VUSRI
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the other; then, as hath been thewn, the Po-
fition of the Image 4C B, in the Bottom of
the Eye is snverted, or contrary to that of the
Obje& ; in which Cafe it will appear eref?, ot
in the fame Pofition with the Objet.

- g. The Objet A B remaining in the Fo-

cus of the Lens DF, if another Lens be in-

terpofed between the Eye and the faid Lens
D F, it will not alter the apparent Pofition of
the Obje®, from which it is by the fingle Lens
D F alone. For all the Effe& this will have,
is only making the Converging Rays F E,
D E, converge the fooner, and fo fhorten the
focal Diftance o E ; but there will ftill be but
one Point E, in which Parallel Rays, which
come from one Part of .the Object crofs thofe
which come from the contrary Part; and con-
fequently there can be but one Inverfion of -
the Obje&t. AB, and therefore the apparent
Pofition of the Obje® muft be the fame as
before, whether in the double ‘or fingle Mi-
crofcope.

10. It is very eafy however to recify this
inverted Pofition of the Obje¢t in the double
Microfcope; by the Addition of two more
Lenfes, as will be thewn when we come to
treat of Telefcopes ; and then it may be afked,
Why is not this Addition commonly made to
the Microfcope, as it is to the Telefeope ? I
anfwer, firft, It is not material in fmall Ob- -

‘je@s how they appear fituated ; for inftance,

there can be no more Advantage in fecing the
' . Head ~
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Head of a Mite lie towards the Right-Hand,
than towards the Left. Secondly, the Objet
feen through 4 Glafles will not be fo bright
and lively as through only 2 or 3 Glaffes.
Thirdly, the Difpofition of three Eye-Glafies,
that thall ere tge Obje&, will .occafion the
Microfcope to be enlarged, and will very
much alter the prefent commodious and beau-
tiful Form thereof for the worfe. Not to
mention, that four Glafles will come dearer
than two or there.
" 11. The inverted Image may indeed be
made to appear right by two Eye-Glafles
only: for if the lowermoft DF be removed
a little farther from the Image AB, than it’s
focal Diftance, it wil form a fecond Image
on the Side, which may be viewed by a third

Lens, placed at it’s focal Diftance from that

fecondary Image. But unlefs the Lens DF
be extremely convex, the fecondary Focus

will be at a greater Diftance than will be pro--

per for this Machine ; befides that, the Obje&
will be very much coloured and diftorted;
and, in fhort, any Method of reifying the
Object will prove a Remedy much worfe
than the Difeafe. ‘

12. Concerning the vifible Area, or what
is commonly called the Field of View in a
Microfcope, you are to underftand the fol-

lowing Particulars relating thereto. If the

Image AB be in one Focus of the Eye-Glafs
DF, and the Eye QR in the other, the Eylc
' wijll

]
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will fee jut fo much of the faid Image, as is
equal to the Glafs DF, cither in Diameter
or Surface ; that is, in fuch a Cafe the Ares,
or Field of View, is equal to the Area of the -

Glas DF, or that Part of it which is open.

* 'This is evident from Chap. V, Art. 5, of this

- Part.

|

13. But fince, in- this Cafe, the Fupil of
the Eye is pofited in that Point E, where
Rays coming from -the Extremities of the
open Part of the Lens as DE, F E, interfe@
each cther, it is evident the Eye takes in then
the greateft Area poffible; and therefore an’
Object or Image A B, -which is greater thaa
the open Part of the Lens can mever be -all
feen at once, but one that is lefs than the A-
perture of the Lens may. T

14. If the Eye be moved from the Focus
E, ecither nearer to ‘or farther fram the Glafs
DF, the vifible Area will be diminifhed ;
and you will pot difcern fo much of the
Image as before at E: For if it be meved
nearer to the Glafs in the Axis EC, it will
foon arrive to a Part of the Conc DEF,
whofe Diameter is greater than that of the
Pupil, and confequently the extcrnal Rays
DE, and FE, will' fall without the Pupil,
and fo the Points of the Image A and B
(whence they proceed) cannot be feen.

1. If it approach ftill nigher, it will leave
the Rays gE, mE, and then the Parts A “(i
. i . 0] and

v
-* .
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and BM in the Image, will not be feen.
In like manner if it approach fo near, that
the Rays hE, /E, are excluded, the Parts
AH and BL will difappear; and ‘fo the
Image will vanifh more and more from the
Sight, till the Eye comes to be upon the
Glafs, and then it will perceive no more of
the Image, than is equal to.the Pupil of the
Eye.” And it is eafy to apprehend, that the
fame things will happen if the Eye be re-
moved farther off in the Cone 4 E B.

.. 16. The Eye by being moved tranfverfely
through the Cone of Rays DEF or 4E B,
will fucceflively view all the Parts of the |
Image AB; for fuppofe it enter the Cone
DEF, on the Side DE, it will fucceflively
take in the Rays DE, gE, §E, &. which,
at the fame Time, render vifible the Points
D, g, b, &c. in a dire® Order. But if the
Eye entess the Cone BE 4, on the Side
BE, in- pafling through it, it ‘will indeed
fucceflively- view all the Parts of the Image
AB, but in an inverfe Order, viz. from B
towards A. : : o]

17. I would add one thing for the Sake of

. thofe who make Microfcopes, and that is,
that the Focus E, or Vertex of the Cone
DEF, fhould arife fo far above the Top of
the Microfcope, that when it is applied to
view, it may be capable of recciving and ad-
jufting the faid. Focus E to.the Pupil, hfotr :
- - L t eg




|
|

e0ccae
.

..
FYTVYYY R

YYYYYYY
23111
B

Ty




h
i




- 1
D ua.- () L0 8 ..Au.- . .p. » . . X . . -o.w [
e .\M%w&.’:; .ﬂ-. 2 ‘.Mmo.m-.n_«.w ‘.MMW.» ‘e Qw..bu .wm.” ) uu..- "m
B2 .. . G - o
8 ..ML:_.... sfnindelandodlnl , #'a U‘ 2 <84 ow.nm_m
LI ho @ i
8 e L}
- { e € €2
i .. i
¥ N Sl
T 0 ..“.umo
v o wq‘ .m._ ’o.‘ﬂ.d“ o 8 €L
i " p o EEE
s ] S .
{ | *
g v »

“ S
o . .‘wﬁo..% N e ¥
B H MG @ . calie

XY IR ate 08 4148 00 00 O 4

<<<<<<<<<< Afdp g e T R e e




| zxz']}

CHAP IX

Of the Nature and Efeﬂs ‘of a com-
. pound Microfcope, with a doub
Concave Eye-Glafs. - - . =

I. HE Conftru&tion of this Microfcope
is reprefented in Fig. 1, of Plate
XXV. Where ab is the Objet, and df the
Obje@-Lens, as before. But the feveral Pen-
cils of Rays ad Afa, bdBfb, &c. which,
in the Microfcope with a Convex Eye-Glafs,
formed the Image A CB, are in this Cafe, by
the Interpofition of the double Concave DEF,
made to diverge ftill more towards the Parts
K and L ; ‘according to what has been taught
of a double Concave Lens in the Theory. :
. 2. It has beep alfo thewn, that if any Rays
dEf fall converging on a double Concave
-DEF, placed at the Diftance of the Radius
from the Focus C of thofe Rays or Point,
towards which they converge ; then thofe
Rays will be fo refracted by the faid Concave,
as to become parallel afterwards, and fo fit to
produce diffiné? Vifion. ‘The like is to be un-
derftood of the Rays, dDf, and dFf; and
therefore, - o o

3. A
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. 4."A double Concave DEF, placed at the
Diftance of the Radius below the Focus ACB,
of the Rays. proceeding from the Lens d f|
will equally cauf¢ & Parallelifm of thofe Rays' -
by Refra&ion, with a double Convex GH I,
* placed at.the Diftance of the Radius above it.
And confequently Ao, the diftin Vifion of
the ‘Obje@ .ab, whence: thefe Rays proceed;
will be produced by & double Concave thus
pofited, as by the double Coavex Eye-Glats.

4- L¢t us fuppofe the Rays ad, bf, after
they are refraced by the Lens df, pafs pa-
rallel to the Concave D F; then becanfe d D,
.and fF, are parallel, they will be fo refrated
int6 DK and FL, that-thofe Rays DK, FL,
‘being produced below the Concave, fhall meet
in a Point B in the Axis, which is the Center -
of Concavity; froth what has been fhewn in
‘the Do@rine of Concaves. This Point B
therefore’ will. be the Focus in which the
Image ABC, of the Objet acb, will be
formed, and resdered vifible to the Eye.

§. The fame things fuppofed, let AC, 4B,
be drawn thro’ the Vertex of the Concave E,
from ‘each Extremity of the Image 4C; and
becaufe the Diftance E B, EC, are equal,
therefore the vifidle Image A BC, will be equal
to the virtual Image ACB ; or it will appear
under an' Angle 4 EC, equal to the Angle
AEB. Wherefore, : -

6, Since .the virtual Image A B, fubtends
the Angle AeB, under which the Object a b
.03 appears

~
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appears by the Lens df ; and the Angle AEB,
under which it appears by the Concave DF, -
the Obje& will be magnified in the Propor-
tion of thofe Angles; that is, the Objet ab
will be to the Image 4B, (or .4C)as the
Diftance EC (or EB) to the Diftance Ee.
Sce Chap. II. Art. g, of this Part,

7. Hence it follows, that if the Radius of
an equally Concave Eye-Glafs DF, be equal
to the Radius of an equally Convex Eye-
Glafs G I, the Power o? magnifying will be
the fame in both with the fame Objet-Lens
df: For fincc EB orrEC is equal to CH,
by fuppofition ; the Angle /EC, or AEB,
will be equal to the Angle AHB. But fince
the optic Angles are equal from either Glafs,
the Power of magnifying muft be fo too.

8. Since the Pencils of ‘Rays bF and a D,
tend towards the fame Parts, where the Ex-
tremities of the Object lie from whence they
proceed, after they are refracted by the Con-
cave DF, the Eye will perceive the Pofition
- of the Image, to be the fame with that of the
Objeét, and not inverted, as by a Convex
Eye-Glafs, wherein the Image is feen by Rays
which crofs or interfet each other before they
enter the Eye. ' "

g. Since the Rays, after they are refraQed
through the Concave D F, pafs on more di-
verging, it is eafy to underftand, that an Eye
placed any where over the faid* Glafs, can.
perceive only that Part of the Obje@, whence
o : ‘ 1 thofe
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thofe Rays which enter the Pupil do proceed ;
thus, if the Eye receive the Rays F L, it will
fee the Part b; if the Rays DK, it will fee
the other extreme a, but if the Eye takein
the middle Rays EC, the middle Part C of
the Objet will only be vifible.

10. Hence it appeats that the vifible Area,

or Field of View in this Microfcope, is in

Proportion to the Magnitude of the Pupil of )
the Eye and the Denfity : For as the Pupil’

is greater or leffer, fo a greater or lefler Quan-

tity of Rays will enter -it; and confequently

the vifible Area, or Part of the Obje&, will
be proportionably greater or lefs.

11. Again, in Regard of the Denfity of’

Rays, it is evident the Pupil, placed where
they are moft denfe, will colle& moft Rays,
and therefore fee the largeft Part of the Ob-
ject pofiible, and that is at the Concave Sur-

face of the Lens itfelf. For as the Rays die-
verge from thence, they grow more rare, and'

. fo the higher the Eye is raifed above the
Glafs DF, the lefler an_antity of Rays it will

colle®, and confequently the more will the

- vifible Area of the Object be diminifhed.

12. In order to compute the vifible Area of
the Obje@ by this Microfcope, let P P be
the Diameter of the Pupil of the Eye, (Fig.
.~ 2.) applied as near the Concave DF as poif-
fible, df the Obje&t-Lens, and A B the Ob-
je&t. From P,P, thro’ the Center ¢, of the
Lens d f, draw the Lines Pa, Pb, thefe will

\

04 cut

!t
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cut the Obje@ in the Points & and b; and
fo a b will be the Diameter of the vifible Arca
of the Obje® A B. Suppofc the Obje&,
Lenfes, and Pupil, all parallel to one another;
it will be, As zhe Diffance of the Conceve DF,
Jrom the Lens df, is to the Difiance of the
et AB; o is the Diameter of the Pupil
PP, te the Diameter of the vifible drea ab.

13. And therefore, for Example, 1f the
Diftance of the Concave be 3 Inches, and
that of the Obje@ 4 an Inch, and the Dia-
meter of the Pupil. 2 of an Inch; the.Apa-
logy will be, As3:4:: 5+ % = the Dia-
_ meter ab, of the vifible Area of the Obje&.
Now, as in this Cafe, this Diameter is 6 times
lefs than that of the Pupil, the whole circular
vifible Area, will be but ope 36th Part fo big
as the Pupil of the Eye. If the Power of
magnifying were alfo 6 times, then the appa-
rent or vifible Area in the Image, would be
juft equal to the Pupil of the Eye. .

14. Since thefe Microfcopes are capable of
exhibiting but fo very. fmall a Pars of the Ob-
je&, thoy are never ufed ; in as much as the
Convex Glaffes magnify as much, and take in
a vaftly larger Area, which gives a Pleafure
always in Proportion; for the more we can
view, at once, the more we are delighted with
-the View. Indeed there is nothing to be faid
foc thre Ufe of .Congaves in Micrafcopes, but
the. (hortening of the Inftrument: For fup-
pofing the Eye.Glafles of equal focal Lengtélg

T - that
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that is, EC = CH, it is phin from the Fi.

gure, and what has been taught, that the

Eye in view with the Concave, is nearer to
the Obje&t-Lens df, than it is in viewing
with the Convex, by 3 times the focal Length
of the faid Eye-Gl o

~ CHAP X
" Of Cota-dioptric or Rfe&ing M-
S crg[cope:. |

1."J HESE Microfcopes differ -from the
common Sort, principally in this;

that whereas they confift wholly of Lenfes, and |,
perform all their EffeCts by Refraction, thefe

are conftructed with ome or more Speculums
and Lenfes conjosmtly, and perform their Effeds
partly by Reflecdion, and partly by Refraétion.
Of thefe there are two Sorts, vsz.

2. The fift- Sort is that reprefented in
Fig. 3. Plate XXV, Where inftead of the
Lens def, there js placed a fmall Speculum
defs the Obje@ acé being placed above iy
~at a little greater Diftance. than the Focus g,
bas it's Imege A CB formed by RefleGion, as

in the other Cafe it was by Refraction thro’.

the Lens df. Naw if we fuppofe the focal
Diftance of the Object-Speculum def, I:;d
: ‘ ~ Lens
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Lens def the fame, the Effe@ of the Micro-
fcope will; in other Refpeéts, be the fame
alfo.

3. For, (1.) The Diftance of the Obje
ab above the Speculum, will-be equal to. the
Diftance of the Obje@ ab below the Lens,
in order that the lmage may be formed at
the fame Diftance Ce. (2.) The Pofition-of the
Object will be inverted; for all the Rays flow-
ing from the Point 4, will be refleted by the
Speculum to the Point A, in the fame Man-
ner as if they eame by Refraction through the
~ Lens from the Point a; thus'the Part 4 in the
Obje@, will be refleGted to the Focus B in
the Image, which therefore is inverted. (3:)
The Power of magnifying will alfo be the fame
in both. For fince the Image A B, and the
Object a 4, ate feen under equal Angles, from

. the Vertex ¢ of the Speculum, the Triangles

aeb and A eB will be fimilar; and therefore
AB:ab::Ce:ce; but in the other it is,
AB-:ab::Ce:ce. Bat the latter Ratio of
thefe Analogies are the fame in both, and con--
fequently the firft are fo too. |
" 4. This Microfcope is not fo eafy to ma-
nage as the common Sort; for Vifion, by Re-
fletion, as it is much more perfet, fo it is
far more difficult than that by Refra&tion.
Nature fells her beft Commodities at very
great Prices generally. Nor is this Micro-
fcope fo ufeful, for any but very f{mall or
tranfparent - Objetty; for the Obje@ . being
2 , between
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between the Speculum and- Image, would, if
- it were large and opake, prevent a due Re-
fle@ion. ' ‘ ‘

- 5.:'To make this Microfcope anfwer well,
the following Things muft be obferved. (1.)
The focal Diftance of the Speculum ought to
be 14 or 2 Inches. (2.) The Diameter or A-
perture df, 4 Inch, (3.) The fmall Specu-
lum fhould be placed in the Center of a larger
one, inclined to the Bottom of an open Tube
in an Angle of 45 Degrees, that fo the Obje&
may be illuminated by the Light refletted
therefrom. (4.) In the Place whete the Image
A B is formed, thould be placed a Diaphragm
of Wood, as O P, with a Hole QR, of fuch

" Size as to exclude all the imperfet Margin
of the Obje&, or Field of View, and exhibit
only the moft perfe&t and diftiné Part there-
of. (3) The Eye-Glafs DF may be 1%
Inch focal Diftance, and thould be 10 or 12
Inches diftant from the Speculum 4f. (6.)
Laftly, the Aperture or Hole in the Eye,
Plate, or Piece at Y, thould be juft as big in
Diameter, as the principal Pencil CE, %7z,
equal to m#n, which is eafy to define; for
fince the Triangles dCf and mCn. are fimi-
lar; it will be as Ce: CE :: df: mn, which
therefore is known.

6. The fecond Sort of Refle¢ting Micro-
fcopes, is that of Fig. 4. Plate XXV ; whofe
Performance is by two Refletions, and one Re-

Jfraction; and is the Invention of Dr Smith,

— N Profeffor
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Profeflor of Altronomy, &c. at Cambridge:
the Theory and Conftruction of which follow.

. 7. AD is a large Concave Speculum, and
- ad a fntall Comvex one; each perforated in the

middle with the Holes BC, bc: Both thefe

are Segments of the fame Sphere, or ground
on Tools of an equal Radius, viz. of 2 Inches,
that fo the focal Diftance of each Specslum
may be juit one Inch. : :

8. Thefe two Specula are placed at the
‘Diftance of about 1 4 Inch from each other,
that fo an Obje& O P Q_being placed a little
below the. nether Speculum might be
tween the Focus F, and Center E, of the
Jarger Speculum. Things thus conditioned,
the Rays PA, PD, which flow from the
Point P in the Object, on the SpeculumA D,
will be refleted towards a Focus p, where
an Image 0pg would be formed, if the Rays
‘were not intercepted by the Convex Speculum
ad, and the Point p being nearer than it’s Fo-
cus f, the Rays Aa, Dd, which tend or con-
verge towards it, will be refleted to a Focus
P, where the laft Image O P  will be form-
ed, to be viewed through the -Eye-Glafs G,
by the EyeatI. ©~ .

'~ 9. Such being the StruGture of this Micro-
fcope, the Effects thereof may be explained
as follows. Becaufe the Object and Image is
feen from the Vertex V of the Concave Spe-

culum, under the fame or equal Angles OV Q_

and ¢V ; therefore (fuppofing the Spccnlu%
* ‘ a
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“ad away) the Object 0Q_would be to it's

Image og, as VP to Vp; and fo the Object
is not much magnified by the large Concave,
which is not the Defign of it, but to give the
Rays a proper Degree of Convergence on the
lefler or Convex Speculum ad, for the Pur-
pofe of magnifying. ‘ :
- 10. For the Image 0p ¢, is now to be con-
fidered - as a virtual Obje& to the real Image,
formed in the Focus P, by Rays refle@ed from-
the Convex Speculum ad. And fince by the
Theory, the Obje& and Image appear under
equal Apgles at the Center of any Speculum,
if from e, the Center of the Speculum ad, be
drawn the Rays.e¢Q, and €0 O; then fhall

.OP Q be the laft magnified Image of the
Objet OPQF Which feen by the Eye I,

through the Eye-Glafs G, is to the Obje&

OPQ; feen by the Eye at the Diftance

of fix “Inches, in the compound Ratio of

6xVpxelP . -

VPxepx PG .

' 11. For, (1.) The Obje& OPQ_is feen by

the naked Eye, at the Diftance of 6 Inches,

ander an Angle, which is to the Angle OVQ,
under which it is feen from the Vertex of the-
Speculum AD, as VP to 6;.and fo the firft

Ratio of magnifying is Vél—‘ (2.) The Image

0pg is to. be confidered ‘now as an Objed,
and the Apgle o V¢, upder which -it .is ffgen
Sl | e o
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from the Vertex of the Mirrour AD, is to
the Angle s¢g, under which it appears from

the Center of the Mirrour ad, as €p to p V,
and fo the fecond Ratio of magnifying is

\/ : :
—5. (3.) The Image OPQ, appears under
e .

an Ar;glc, at the Eye-GlaI& C, which is to
the former Angle Qe O, as ¢2,to PG, and
therefore the third Ratio of magnifying . is

P And fo the whole Power of magnify-

PG’

. Vp eP
Ratios, vig. — x — x "—
P e¢p PG

12. To cxe;nplify.tbis, fuppofé the Diftance
of the Mirrours Vo = 1.6, and that vP =
0.1143, fo that VP = 1,7143; then will

. Then having the

1,7143 |
Diftance. VP of the Obje&, that of the
Image Vp will be found = 2,4 ; by Theor.
© 14, of the Theory. And therefore. we have

" ep== 1.2; and {0 the fecond Ratio will be

Ve =2, Laftly, having the Diftance
ep 1,2 ‘

of the Obje& wp from the Convex Mirrour
= 0,8; we fhall find the Diftance of the
Image » P = 4, by Theor. 10, of Caroptrics ci
. an
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. . . eP
ierefore the third Ratio 18 — = 4
0,5

fuppofe the focal Diftance PG, of the:
Slafs G, to be 3 an Inch. So that the

e Power of magnifying will be
_ gnifing will be -2

- \
x ;‘;s — 56; that is, the Obje&t will
. magnified 56 times by this Microfcope.
13. But the Author of this Microfcope
spofes the Objet to be.at 8 Inches from
e naked Eye, for diftin& Vifion; and alfo
at by fuch a’ Combination of Speculums,
te Confufion arifing from an Aberration of
\ays is fo far avoided, that an Eye-Glafs G
nay be ufed, whofe focal Diftance PG is not
mreater than 0,18, or 0,15 of an Inch, and
that then the Microfcope will magnify 300
times. They that will, may fee a great deal

Parts, with all the neceflary Cautions for
Workmen in fitting up futh a Microfcope, in

’conccrning the StruGure and Dimenfion of

+ the Author’s Remarks on his Treatife of Op-
i tics, from Page 87 to 97. :

14. This Microfcope being fo near allied to

. the Refle@ting Telefcope in it’s Nature, that

.. what might be here further faid with Refpe@

i to the Aberration of Rays, &'¢. will be referred

to thofe Chapters, wherein the Theory of thefe

; Telefcopes is more perfe@tly confidered. .
-l " CHAR
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CHAP XL |
Of Telefoopes in general; and of rhe
common Dioptric Telefcope in parti-
cular. ‘

I. HE Telefcope is the next principal and
moft ufc{i; optical Inﬁrulx)ncnt. The
Word is of Greek Derivation, and fignifies,
The Perfeltion of the Sight or View. Far as
our Sight, at beft, extends not fir with Di.
ftin@nefs, fo moft Bodies fituated on the
Earth, and all thofe in the Heavens, are fo
remote from the Eye, that unlefs it were af~
fifted with a proper Infirument, it would be
uncapable of a nice, diftin&, and compleat
View, and fo we could never be able to form
any juft, regular, or adequate Ideas of thofe
Objects, or their Parts, Forms, Colours, Mag-
nitudes, &e. ' ‘ '

2. But, by means of the Telefcope, re-
mote Objeéts are made to feem near, fmall
apparent Magnitudes are enlarged, confufed
Obje@s are rendered diftin@, and the invifible
and obfcure Parts of very diftant things, are
brouéht out to Sight, and rendered clear to
the View; which therefore it greatly. perfedts,
and merits the Name it bears with the greateft
Propriety, ‘ .

X : 3. Of
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3. Of Teléfcopes there are two Kinds, ac-
cording to the two different Sorts of Vifion,

wiz. by. Refraftion through Lenfes, and Re-- -

Setion from Mirrours. ‘The Telefcope there-
fore which is conflruéted with Lenfes, and
performs it’s Effe@s wholly by refraGed Light,
is called a Digptric Telefcope ; and is that in
.common Ufe. But the other Kind of Tele-
- {cope performs it’s Effe@s partly by Reflecion,
~ and partly by Refraétion, and therefore is
compofed of Mirrours and Lenfes jointly; on
which Account it is called a Cata-dioptric Te-
Jefeope, or, moft commonly, a Refleting Te-
lefcope. ro 5

" 4. The eflential Parts of a Digptric Tele-
Jeope are two Lenfes, 4B and EY; (See
Fig. 1. Plate XXVL) of which 4B is called
the Obje@-Glafs, and EY the Eye-Glaf,
for the Reafons thofe were, in the Micro--
fcope, fo called. Thefe two Glafles are fo

combined in a Tube, that the Focus of each “

is coincident in the fame Point F between
them. _

5. This being underftood, let OB be a
vaftly diftant Obje&@; the Rays then which
- come from it to the Obje&-Glafs will be near-

‘ly parallel. Suppofe two of thefe Rays be
0.4, and BB, thefe Rays in paffing through
the Glafs 4B, will be made to converge to
it’s focal Point F, where they interfe& each
other, ‘and pafs on to the Eye-Glafs EY ; but
F being alfo the Focus of the Glafs EY, thefe

P in
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in ng it will be again made parallel, and
fo E:geirigg the Eye, z%ill praduceP;zﬁinﬂ Vi
Jion of the diffant Object OB, according to
the Theory. : , '
6. The Eye fees it allo magnified; for OB
being vaftly diftant, the Length of the Tele-
{cope is' inconfiderable in Regard of it; and
-therefore fuppofing the Eye ‘'viewed from the
Center of the Obje&-Glafs C, it would fee it
under the Angle OCB; le¢t OC and BC be |
produced to the Focus of the Glafs, they will
there limit the Image IM, of the Obje&
formed in the faid Focus. From the Extre- |
mities of the Image I M, let the two parallel
Rays proceed to the ocular Lens EY, thefe
will be converged in it’s Focus D, and the |
. Eye will there fee the Image under the Angle
EDY ; all which is evident from the Princi- -
ples before laid down. .
. #. Therefore the apparent Magnitude of
the Objed, feen by the naked Eye, is to that
which is viewed in the Telefcope, as . the
Magpitude of the Angle OCB, or ICM, is
to-that of the Angle EDY, or IGM: (for
fince GD = GF, and IM =EY, the
Angle EDY = IGM) But the Angle IGM
is to the Angle ICM, as CF to FG. (by
Art, g. Chap. IL. of this Part.) Therefore the
Magpitude of the Obje& by the naked Eye,
is to that by the Telefcope, as CF to FG;
that is, as the focal Length of the Objeit-Glaf;,
%o the focal Length of the Eye-Glafs,
D o 8, The
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8. The Obje& will alfo appear inverted by
this Telefcape, in the Focys I M, the Reafon
of which has been explained in'the Conftryc-
tion of the Microfcope with a fingle Eye-

Glafs, and is evident from the Scheme itfelf.

And, in fhort, they who ynderftand, the
Dodrine or Theory of the Microfcope, muft

“needs know that of the Telefcope, becaufe
the Analogy of Conftru@ion in both is fo

very much the fame. : .
9. As to the Powenof magnifying by thefe
Telefcopes, it appears from the foregoing Pro-
portion, (Art. 7.) to be capable of vaft Ayg-
mentation ; becaufe the focal Length of the
Obje@-Glas CF mdy be vaftly increafed, in
Regard of the focal Length of the Eye-Glafs
F G, in the lengthening of the Inftrument.

-Thus, if CF = 36 Inches, and FG = 1 Inch,

this Inftrument will magnify the Diameter of

- Objects 36 times, their Surfaces 1296 times,

and their Solidity 46656 times. -

10. If now you would enlarge the Tele-
fcope, and chufe an Obje&-Glafs 10 Feet Fo-
cus, or 120 Inches, the focal Length of an
Eye-Glafs of about 2 Inches, will be fuffi-
cient 5 and then will the Diameter of Objects
be magnified 60 times, their Surfaces 3600

times, &¢. which is vaftly more than _the for- ~

mer, and yet the Object nearly as diftinét.
11. Again, if you would ufe an Objet-
Glafs of 40 Feet focal Length, you fit there-

%o an ocular Lens of 3 4 Inches; and then

P2 will
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will fuch a Tube magnify the Diameters of
Bodies (with the fame Diftin&nefs) near 140
times. If, laftly, the Length of the Focus
in the Obje@-Glafs be 100 Feet, or 1200
Inches, then an Eye-Glafs of ¢ # or 6 Inches
Focus will be fufficient; and fuch an one will
magnify the Diameter of Obje@s 200 times; |
. the Surfaces 40000 times; and the Solidity
8000000 times ; which, though it is fo pro-
digious an Effe&t, has been exceceded by Te-
lefcopes of this Sort made by fome Artifts;
particularly that of Mr Huygens, which was
‘120 Feet long. A

12, But then thefe very long Telefcopes
magnifying fo much, are not fit for viewing
Obje@s on the Earth, becaufe they have not
.Light enough when thus magnified, to render
their Images vifible. For fuppofe of two Te-
lefcopes, one magnifies 10 times as much as
the other, then in the focal Space or Area,
there will be 1o times les in Diameter (and
‘confequently 100 times lefs in Surface) of the
‘Object reprefented by the greater Magnifier,
than by the lefler; but the Light on the Sur-
face of the Objet being the fame, it is plain-
the Quantity of Light in the focal Area, (of
the fame Dimenfions in each Tube) will be
100 times lefs in the great Telefcope, than in
ithe {fmall one; and therefore a Telefcope a-
bove 6 or 8 Foot long, is not fit for terreftrial

Ufes. o
: ' 13, What,
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13. What has been faid about the Illumi-
nation of the Image in the Telefcope, fup-
pofes the Aperture of the Object-Lens to be
the fame in both the Tubess but when the
Fube is to be enlarged, it will bear a greater
Aperture alfo, and will therefore admit of
more Light ; thus if a Tube of 4 Feet may
have an Aperture of 1 Inch, a Tube of 30

- Feet will admit of an Aperture of 3 Inches. "
. But the ‘Light entering by thefe Apertures,

will be as the Squares of their Diameters; that
is, as 1to g; or g times more Light will en-

. ter: the Aperture of the greater Lens, than
~ that of the leffer; but then, fince the Image

of Objeéts, by the greater Lens, is to that
formed by the lefler, as 30 to 4 in Diameter;
they will be in Surface, as goo to 16, or as
554 to 1; and therefore' the Light on the
fame Area of the Image, will be 55 times
lefs in the greater Tube, than in. the leffer
one ; therefore the Light in thefe two Tele-
fcopes, will be as 9 to 55 nearly; that is,
above 6 times greater upon the Image in the
lefler, than in the largerone. '
14. Since the Power of maguifying, is the
‘Proportion of the focal Length of the Object
and Eye-Glafles, and this Proportion being to

- be varied in any Degree, in any Length of a

Telefcope, it may feem ftrange thata thort Te-
lefcope will not anfwer that Purpofe, as well
asa long one. But they who thus think, maft

confider, that if the Power of magnifying be

P3 augmented,
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augmented, the Length of the Telefcope be-
ing the fame, it is neceffary to diminith the
focal Length of the -Eye-Glafs in the fame
Proportion ; ‘but this can’t be done by reafori
of the great Confufion of Colouring and Di-
ftortion of the Image, on Account of the too
great Convexity of the ocular Lens in fuch &
“Cafe.

15. For fuppofe in a Telefcope of 3 Feet,
the Power of magnifying be as -, (See Art. 9.)
if you would augment this Degree of magni-
fying 5 times, (viz. makes it as ;<) then
muft you have an Eye-Glafs not above | of
an Inch focal Length, and this would be fo
very fmall as to admit of an Aperture not
bigger than the Pupil of the Eye, nor would
the Aperture of the Obje®-Glafs admit of
Light enough to illuminate the Obje&. On
both which Accounts, the Defign and Ufe of
a Convex ocular Lens would be fruftrated.

16. But fuppofe require it to magnifi
but zwice aspgmchyo; bc%ore, vIZ. that:g thz
Power be as 7 15 even this can’t be done con-

veniently for the fame Length of the Tube.

For, (1.) The Lens being but 4 an Inch fo-
cal Length, will not admit an Aperture of
abeve 5 of an Inch conveniently, to view
the-Object diftinctly, which is ftill too fmall.

(2.) The Aperture of the Obje@-Glafs will

then be too fmall, to admit a requifite Degree
. of Light. - (3.} This Aperture of the Object-
Lens can’t be enlarged, becaufe there would

' be

1
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be then too much Light for the Power mag-
nifying,' which would produce Confufednefs
in the Image. (4.) Neither muft we attempt
to enlarge the Aperture of the ocular Lens;
~ for then the Rays would fall too far from the
Axis of the Lens, to be fent parallel to the
Eye, and therefore would prevent diffinét
. Fifion. :

17. On thefe, and fome other Accounts, it
is evident, that if we would increafe the Power
of magnifying, we muft neceflarily increafe
the Length of the Telefcope, by ufing an Ob-
je&-Lens of a greater focal Length; for it
principally depends on that, the focal Length
of the ocular Lens being very little augment-
ed. As for Example, if the Power of mag-
nifying in any Telefcope be known, or made
a Standard, that Power, in any other Tele-
fcope, may be augmented to any Degree you
pleafe, in the following Method. ©~ .- . .

18. The Eye-Glafs muft have the focal
Diftance fuch a Number of Inches, as is ex<
prefied by the propofed Degree of magnify~
ing; and the fame Number {quared, and mul-
tiplied by the focal Diftance of the Objet~
Lens of the lefler Telefcope, will give the fo-
cal Length of that required. ‘

19. Thus if the Telefcope, in Art. 9, be
the given one, or Standard, whofe Power
is ~-; and you would increafe this Power once:
ond an balf, or make it 5, then muft the

Eye-Glafs of the enlarged Telefcope be 1%
: Pyg- Inches ;
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Inches; the Square of which is 24, which
multiplied by 3, is 6 2 Feet for the focal
Length of the Obje@-Glafs in the Telefcope
required. Again, if it be required the Tele-
fcope fhould magnify swice as much, then
muft the focal Length of the ocular Lens be
2 Inches; the Squares whereof, 4 multiplied
by 3, gives 12 Feet for the Diftance of the
Focus in the Obje-Lens. And thus a Tele-
fcope that fhall magnify 3 times as much,
fhall have an Eye-Glafs of 3 Inches focal
Length, and an Obje®-Glafs of 27 Feet.
And univerfally in Telefcopes of this Sort,
Tbe focal Diffances of the Objeci-Glafes, fhould
be akways nearly in Proportion to the Squares
of the focal Diftances of the Eye-Glaffes.

20. But (as I have before obferved) when
Telefcopes of this Sort are made of a great
Length, they are not fit for viewing terre-

- ftrial Obje&s, but are appropriated to cele-

ftial Obfervations: But for fuch Purpofes the
Glafles are not managable in Tubes, which
are either too flight and apt to bend, or too

* bulky, heavy, and unwicldy, if made ftrong
'in Wood: And therefore the Obje&-Glafs 1s

generally fixed on the Top of an high Pole,
&e. and an Eye-Glafs fo adjufted thereto,
that their Axis exactly coincide, and thus

_they view the heavenly Bodies which pafs

along the Ecliptic. ‘This.Form is called an

21, For
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- 21, For Tubes in Telefcopes, as they an-
fwer the Purpofe of-a Dark Chamber to re-
prefent the Images of Obje@s in, have here
no Ufe in that Refpet; for the Night being
the Time for Aftronomical Obfervations with
the Telefcope, it is generally -dark enough of
iffelf, without a Tube, and the celeftial Ob-
jects being very bright, make very clear, di-
ftin&, and bright Images, let the Telefcopes
magnify as much as they' will. c

22, Tho’ the brighter the Obje&, the lefs
the Aperture of the Objet-Glafs fhould be;
thus in viewing the Sun, or Venus, we arc
obliged to ufe a fmaller Aperture than for the
Moon, Mars, Jupiter, or Saturn, and their
Satellites. And tho’ (as was fhewn Art. 8.)
in this "Telefcope with one Eye-Glafs, the
Objedt is inverted, yet this is not heeded by
Aftronomers, it is all one to their Purpofes
which Part of the Sun, Moon, or Planets,
appears Eaft or Weft, North or South.

23. But in yiewing terreftrial Bodies, this
Inverfion of the Object can’t be admitted ; it
would be unnatural and difpleafing to fet the
Earth above, the Sky beneath ; Houfes, Trees,
&ec. turned Topfy-turvg, &c.. To remedy
this Inconvenience therefore, there are added
two other Eye-Glafles, L N and RS, (See
Plate XXVI." Fig. 2.) which ere@ the Ob-
je&, and fo make all things appear in their
natural Pofitions. -

24.' In
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24. In order to effe& this, the firft of thefe
two Glaffes, viz. L N, 'is placed at twice it’s
focal Diftance from the former Eye-Glafs
E Y, (for they are all three fuppofed to be of
the fame Sphere) and the other RS, at the
fame Diftance from it. Now the Pencils of
Rays being made to interfe&t tach other, by
" the firft Gla EY, in it’s Focus D, and at
the fame Time, the Rays of each Pencil made
paralle]; thefe Pencils will be rendered paral-
lel by the fecond Glafs L N, and their Rays
made to converge in it’s Focus F; where they
now reprefent the Image of. the Obje& eret,
in the Points I, F, M. The Pencils pro-
ceeding parallel from hence to the third Eye-
Glafs RS, are by it collected together in it’s
Focus P, where their Rays again made pa-
rallel, render this ere@ Image diftin@ly vi-
fible* All which is evident from the Scheme,
and the foregoing Theory.

25. Notwithftanding it is ufual to ufe three
Eye-Glaffes, as before explained ; yet two
will ere@ the Obje®, and keep the fame
Magnitude of the Image. For fuppofe the
middle Lens L N, taken quite away, if the
firt Lens EY, be placed at D, which is
double it's focal Diftance from the Image
IM; it will, at the fame Diftance D F on the
other Side, form a fecondary Image I M,
equal to the primary Image I M, and alfo in
a contrary Pofition, (by Theor. 19. Chap. II%

: o
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of Dioptrics) that is, it will be juft the fame
_in Magpnitude, Pofition, and Place, as it was

by two Lenfes. :

\

" CHAP XIL

| Of Galile’s Telefeope, or Profpettive
 Glafs \

1.”YHIS is a Telefcope compofed of a

Convex Obje&-Lens 4B, and a Con-
cave ocular Lens EY. (fee Fig. 3.) It is the
firft Form we have of a Telefcope, and was
invented, and applied to Ufe, by that celebra-
‘ted Tralian Philofopher Galileo,- who lived in
the Beginning of the laft Century.

2. The Theory of this Telefcope, is en-
tirely the fame with that of a Microfcope, with
a Concave ocular Iens, in Chap. IX, al-,
ready- explained. For this Telefcope repre-
fents ObjeQts diftini and erel?, and magnifies
them in Proportion of the focal Length of the
Object-Glafs, to the focal Length of the E
Glafs 5 and the Eye the nearer st 1s applz'ej;;
the Lens EY, the larger Area it takes in;
and ftill greater there in Propertéon ‘to the -
Largenefs-of the Pupil of the Ege; the Reafon

* of all which-has been there explained, ‘an((il is
' evident
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evident in comparing the Figure of this Tele-
feope and that Microfcope together.

3. Now though the vifble Area, or Fiell

View, in this Teclefcope, depends on the

upil of the Eye, yet it is of much greater
Service here than in the Microfcope ; becaufe
in that the fmall invifible Parts of l;c:rIBodlcs
were to be magnified in a very large Image,
of which the ngil can take zbut a fmall
unfatisfaGory Part; whereas in the Telefcope,
the Parts of large diftant Bodies are to be ren-
dered diftin@ in a fmall Image, in the Focus
of the Obje@-Lens, which Image the Pupil
of the Eye can generally take entirely in,
and thereby view the whole Obje&, or Pic-
ture of Objedts, at once, which is fufficient
Satisfaction. .

4 Ifhall make this eafy by an Example.
Fig. 4. Let 4B be the Obje@-Lens of this Te-
lefcope, 4 Feet focal Length, and EY the ocu-
lar concave Lens. Let O B be an Obje& to be
viewed, whofe Height is 40 Feet, and Diftance
A0 3 Miles, or 15840 Feet. Now fince it
was fhewn in the Theory, that the Object
and it’s Image are as their Diftances from the
Lens 4B, fay, As the Diftance 40 15840,
" isto BO 40, fo is the focal Diftance of the
Lens AB 4, to 155 of a Foot for the
Length of the Image IM, which is about 5 -
of an Inch, the Pupil of the Eye being
larger than that, will take in the whole
Image I M, and fo be able to visw the whole

: ‘ Object
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Obje& O B, at once, with great Pleafure and
. Satisfadtion. '. ,

5. If the focal Length of the Concave be
3 Inch, then will.the Obje be magnified in-
the Proportion of 48 to 1, that is, it will ap-
pear 48 times higher, and therefore 48 times
nigher alfo than to the naked Eye; that is, a -
FPerfon, by the Help of the Telefcope, will
be as well able to view the Obje@¢ OB at 3
Miles Diftance; as he would by the naked
Eye, at the Diftance of 330 Feet; which is
but the 48th Part of 3 Miles. .
. 6. On this Account they are of great Ufe
to People for viewing of terreftrial Objects ;
‘but ftill of much greater Ufe for viewing of
the heavenly Bodi¢s. For an Obje&@-Lens of
5 Feet Focus, will bear an Eye-Glafs of but
" 11nch; and fuch a Telefcope will magnify the
Diameters of the Planets, 60 times, and theis
Surfaces 3600 times; which is fufficiently
enough to render. the Spots-in the Sun, the
Horns of Venus, the Satcllites of Jupiter, and
Ring of Saturn vifible, if well managed ; the
Truth of this I know very well by Experience.
7. Again, the Freld o_/y View being fo fmall
in thefe Tubes, is not fo much to be infifted
on here, where the Images of the Planets are
.vaftly lefs than the vifible Area, except of the
Sun and Moon ; Jupiter, and all his Satellites,
are many Times to be feen at one View, in
thefe Telefcopes; though it muft be acknow-
ledged, that there is fome Difficulty in find-
: ing
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CHAP Xl
Of the manifold Ules of a Dioptric

Telefcope, viz. in fhewing the Spots
of the Sun, Eclipfes, &c. in a dark
~ Chamber 5 in Surveying and Level-
. ing 5 in Meafuring the Diflances of
Objelts at one Station ; and divers
Aftronomical Purpofes.

1. "] HE Ufes of the Dioptric Telefcope
are many, and of vaft Importance to

the Sciences and civil Ufes of- Life, fome of,

the principal of which I fhall concifely point
out and defcribe in this Chapter.
2. And, firlt, 70 véew the Spots in the Sun

| ¢brough this Telefeope. Fit the Telefcope to a

Focus for viewing the celeftial Bodies, and
then take a circular Picce of plain and clear
Glafs, and hold it a little abave the Point of
the fieady Flame of a Candle, till it be uni-

formly blackened over with the Smoke ; then"

applying this fimoked Glafs before the Eye-
Glafs next the Eye, and you will be able ta

" view the fplendid Face of the Sun. without

Offence to the Eyes, and with Pleafure fee .
: the -
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the various Spots, &c. difperfed here and ther

upon it. : .

p;. But the beft Way of viewing the Spots
in the Sun, is by fixing the End of a Tele-
fcope of about 4 or 5 Feet long, into a Sciop-
tric Ball, fixed to the Hole PQ_of a Win-
dow-Shut HK, in a darkened Chamber. (See
Fig. 5.) In this Cafe one Eye-Glafs EY is fuf-
ficient, whofe Focus let be F, and let IM be
the Image of the Sun, formed in the Tube
by the Obje@-Glafs 4 B, in the moveable
Ball. Now it has been thewn, that in view-
ing Objects with the Eye through the Tubes,

the Image IM muft always be exadtly in the

Focus F of the Eye-Glafs, to produce di-
ftin& Vifion.

4. For then the Rays EO, YO, proceed- |

ing from any Point O in the Image, would
have paffed parallel after Refraction through
the Eye-Glafs EY. But now, for this Pur-
pofe, the Eye-Glafs is to be drawn a little far-
ther from the Image than is it’s focal Di-
ftance, and then a Pencil of Rays EOY, pro-
ceeding from the Point O, will be made by
the Eye-Glafs to converge to a Focus R, ac-
cording to Theor. 16, of Chap. I, of Disgp-
trics. In this Focus R therefore, the Image
IOM will be formed anew, and in an eref
Pofition, in the Image TR M.

5. The Diameter I M of this fecond
Image, is to the Diameter of the former I M,
a$ the Diftance GR, to the Diftance GO, tll)g_y

: £

CPr s . .
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the Theory. Thusif GO be 1} of an Inch,
G R will be 5 Inches, and fo the Diameter of
the Image I M, to the Diameter IM, as g
to 14 If the Focus GF be 1 Inch, and
it’s Diftance from the Image FO be 7; of an
Inch; then will GR be 11 Inches, viz. 10
times as large as GO, and therefore M will
be 10 times as large as 1 M, .and confequently
the Surface of the fecondary Image will be

- 100 times as large as that in the Tube I M.
- And therefore a Sheet of ‘Pa(gcr held in that
Focus R, - will receive the vaft Image 7 M of

i the Sun’s Face, and the Spots therein will be
very large and diftin&. I have fometimes ex-

t hibited the larger Spots this Way, near an
3 Inch in Diameter. The Moon may likewife
# be fhewn this Way ; but her Light is too
- faint to make the dark Parts appear well. But
.. an Eclipfe of the Sun is this Way, the beft of
i’ any, fhewn to an Advantage.” This is 2 moft
- agreeable Sight. e '
5. Suppofe then ELC and YMC, two
Rays proceeding from the extreme Limbs of
the Sun’s Difk, and pafling through the Cen- .
ter C of the Obje@-Lens; they will define
the Extremities of the Image IM, and falling
on the Glafs EY, will be converged to the
Point D, where croffing each other, they pro-
ceed to limit the Extremities of the Image

- IM. Now IDM is the Angle under which
~ this Imagg is feen at the Diftance DR, by the
Eye, and is équal-to-.thec Angle EDY: But

N O )
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the Angle EDY is a little larger than it would
be, if the Image IM were in the Focus F:
(becaufe GC is then fomewhat fhorter, and -
confequently GD fomewhat longer) There-
fore the Image T M, at the Diftance DR, is
feen fomewhat larger than the Sun appears in
the Telefcope adapted for diftin& Vifion.
6. In Surveying, the Ufe of the Telefco

is admirable ; the Bufinefs here is to take the.
angular Diftances between diftant Obje@s on
a Plane truly horizontal; or elfe the an
Elevation, or Depreffion of Objects, above or
below the Plane of the Horizon ; in order to
obtain either of thefe Sorts of Angles to a re-
quifite Degree of Exa&nefs, it is neceflary the
Surveyor fhould have as clear and diftin& a
View, as poffible, of the Objeéts, or Station
Staves, which he fixes up for his Purpofe, that
he may more certainly determine the Point or
Part of the Obje@ viewed, which exagly cor-

- refponds to the Line or Edge of the movable

Arm (or Aidade) on the Theodolite, which
cuts off the Degrees and Minutes contained
in the required Angle. .

7. Now as thefe Obje@s are generally at
too great a Diftance, for the Surveyor to be
able to difcern fo well with the naked Eye,

. he takes the Affiftance of the Telefcope, and

thus obtains his Ends compleatly on two Ac-
counts, viz. (1.) His having a more perfe
Sight of the Object, by the magnifying Power
of the Glafs; and, (2.) His being able to
~ determine
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- determine the aforefaid Point in the Object
" by means of the Crofs-Hairs in the Focus of
. the Telefcope. o

" 8. That he is affifted greatly, in the Sight .
of his Obje@s, by means of the Telefcope, is
evident ; for fuppofe the Telefcope were but
13 Inches long, it will admit of an Obje&=

. Lens of 12 Inches, and an ocular Lens of

1 Inch, and will therefore magnify the ‘Dia-~
meter of Obje@s 12 times; shat is, it will
make the Objects appear 12 times nearer to
the Surveyor than they are, and confequently
he. can view them 12 times more diftinétly
than by the naked Eye. o
9. Again, in the fecond Place, by means
of the Crofi-Hairs in the Focus of the Tele-
fcope, he is able to determine exatly that
Pyrnt or Line in the Obje@, which is in the
Plane that paffes through the Cepter of the
Theodolite, and the Degree and Minute .in

' the Limb of the Circle, which is the Quan-

tity of the Angle required. For thefe Crofs-
Hairs, or Wire, being fo placed in the Fo-
cus, as that one of them is parallel to the Ho-
rizon, and the other perpendicular thereto,
and their Foint of InterfeGion being exaétly
in the Axis of the Tube; it follows, that the
Point in the Obje&, which anfwers the Point -
of the Interfe@ion of the Wires, or the Line
in the Obje&, which is covered by the verti-
cal Wire in the Tube, is the Point or Line
fequired ; and which alone can give the Angle

Q.2 with
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with Certainty, and this is the very Grounds
and Foundation of all Surveying and Levelling.
10. There is another Ufe to be made of the
Dioptric Telefcope, very fingular in it’s Na-
".ture; and that is, fo meafure the Difiance of
an Object at ome Station. ‘This is the great
Defideratum of Geometry, which furnifhes
Methods enough to do it at fws or more Sta-
{tions, but none at aze. Yet this, in Theory,
is perfeCted by the Telefcope, and in a good
Degree to be a?cc_rtaincd in Pratice.

11. The Theorem for this Purpofe. is ob-
tained from Theor. 16, Chap. I, - of Dioptrics,

dr

—r
dy—yr, and then dy —dr —yr, whence
we. have this Analogy, y—:7::y:d; that
is, in Words, As the Difference between the
Jocal Diftance of the Objet, and Rahius of
the Object-Lens is to the faid Radius ; fo is the
Jocal Diflance of the Oljeét, to it's true Di-
Slance from the Object-Lens. But the three
firft Terms of this Analogy are known, or
may be known very eafily ; and therefore the
fourth Term or Diftance of the Object is
given. o oo ‘

12, For the Radius of the Obje&-Glafs is
known by holding it .in the Sun, and meafur-
ing the Diftance of the Sun’s Image there-

Vi, ==y. For hence we have dr =

from, when brighteft and moft diftin&®, for
* that will be the Radius of the Lens, as was '

fhewn

_ el - g o n——— e
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thewn in the Theory. Then for the focal
Diftance of the Obje& in the Tube, you are
firft to get a pretty good Sight. of the Obje&,
and then flide in the Drawer till the Obje&
begins to appear obfcure, and mark that Pface
on the Tube precifely; again, draw out the
Tube till the Obje& begins again to be ob-
fcured, and then make another mark on the
‘Tube at the End of the Drawer, as before.
Laftly, take the middle Point between thefe
two Marks, and that will be the Point where
the Image of the Objec will be formed moft
diftin®, which you are to meafure nicely
from the Obje&-Lens, and you have the Data
required. An Example will render this Mat-
ter cafy. '

13. Let 4B be the Obje-Lens, EY the
ocular Lens, EC the Radius of the Lens 4B,
and CF the focal Diftance of the Obje& OB,
whofe Diftance QC, from the Glafs 4 B, is
to be meafured. (See Fig. 1. Plate XXVIL)
Now fuppofe CF = 48 Inches, or 4 Feet;

. and you find, by the Method above, that CF

is 50 Inches; then FF is 2 Inches, and the
Analogy is, As FF =2, is to CF =48
fo is CF == 50, to CQ_= 1200 Inches, or
100 Feet; and fo far is the Objet OB, from
the Lens A4 B. -Again, fuppofe you find

- CF =="49 Inches, then will FF = 1 Inch;

-

and the Analogy is 1:48::49:2352 = QC,
or 196 Feet. . If CF be found 48 4 Inches;
then §: 48 :: 481 : 9264 = QC, “{72-

h: : ' (LS | et .
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Feet. So that this Telekcope will meafure
only {mall Diftances,

14. But fuppofc 4 B a Lens, whofe Ra-
dius, or folar Focus CF — 12 Feet, or 144
" Iaches; and you find by the above Method,
(in Art. 12.) that CF is 146 Inches; then will
FF = 2 Inches; and.then by the Analogy,
As 2: 144 ::146: 21024 Feet = QC, or
1752 Feet, the Diftance of the Object. If
with this large Telefcope you look at an Ob-
je& OB, juft 100 Feet diftant from the Leas
AB, it will give CF = 163 % Inches, and
therefore FF will be 19 4 Inches. On the
contrary, fuppofe in viewing an Obje@ O B,
you find F F but - of an Inch, this will give
the Diftance of the Objet CQ = 17292
Feet, or 3 § Miles nearly. |

1¢. Since then the Difference F F, between
the Radius and focal Diftance of the ObjeQ,
is fo confiderable as 2 Inches in a Tube - of
4 Feet, and 18 in one of 12 Feet; it is cafy
to contrive Methods for thewing the Diftance
of nigh Obje@s by the former, and of very
diftant qnes by the latter, by Infpe&ion only.
For it is but well adjufting or drawing a fpiral
Line round the Drawer, or Tube, thro’ the
. two Inch Space in the fmall Telefcope, and

by Calculation graduate it for every 100 Feet,
and the intermediate Inches, and you will no
fooner view an Obje®, but at the fame Time.
fee it’s Diftance upon the Fube. -

16. But



- at the focal Diftance of 12 Feet, on a Table
or Stand M N, fix up an Inftrument confift--
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16. But in regard of the larger Obje&t-
Lens, it might be a better Way to fix it in a
Scioptric Ball, in a darkened Chamber; and'

ing of two' Planes ABCD, EHKL, and a
Screw OF, which is fixed into the Plane
AC, and moves the Plane EK over the Space
F G, which here reprefents the Difference be-
tween the Radius and focal Diftance of the
Obje&, wv:iz. 18 Inches. If now on the

Plane AC, be defcribed Concentric Circles, or -

(which would be better) a Spiral from the
Center to the Circumference, and graduated
by a Calculation made for every 100 Feet,
beginning from the Center O, for the Mea-
fures next to G, and proceeding towards the
Circumference for the Parts towards F, which,
becaafe they will run very near together, will

- have the larger Space to be defined in.

* 17. Thefe Things being done,. it will be
eafy by the Screw to move the Plane EXK
backwards: and forwards, on the Space GF,
till the Image F appears moft plain and di-
ftin&, and then the Index OP. (fixed to the
Serew) will thew the Diftance of the Objet

on the graduated Spiral. The larger the Plane
AC is, the more exa&tly will the Diftance of
remote Obje@s be fhewn thereon ; if it be a

Foot fquare, it may do pretty well, but not-
lefs. Note, the beft Way to get the true Place
of the Plane EK, will be that in Art. 12,

T Q 4 Having
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Having juft hinted thefe things, I fhall leave
it to the Invention of the Artift to vary Cir-
cumftances. e

18. In the Bufinefs of Affronomy, fcarce
any thing is done but by the Aid of the Tele-
fcope ; for which Purpofes it is applied in va-
rious Shapes, and compounded with fuch a
Number of Inftruments, that to give an Ac-
count of them all, would fill a Volume; I
fhall therefore content myfelf with giving of
one Inftrument, which is of a general Na-
ture, and by which the Conftru&ion of others
will be eafily underftood. See Fig. 3.

'19. This Inftrument confifts of a Telefcope
A B, whofe Obje@-Glafs is B, and Eye-Glafs
A, in whofe Focus is a Ring of Crofs-Hairs
C; this Tube is fixed to the Side of a Qua-
drant EF G, fo that the Axis of the Tube,
and Side of the Quadrant EF, are exadtly as
poffible at Right Angles, or perpendicular to
cach other. ‘The Quadrant is fufpended by,
and movable about a Center-Pin D, paffing
thro’ it’s Center, and fixed into the fquare Pi-
lafter D H, which fupports it very fteadily.
On. this Pilafter at O, is fixed a fmall Plate
N O, called a Nonsus, from the Name of the
Inventor; whofe Ufe I thall next thew.

20. Fig. 4. Let A B be a Portion of the
graduated Limb of the Quadrant, and ED
the Nonius Plate by it; whofe Index is DC,
The Artifice of this Contrivance confifts in’
this ; the whole Length of the Nonsus is
o S : divided
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divided into 12 equal Parts, which are made
- equal to 13 of the equal Divifions on the
- Limb of the Quadrant A B ; and therefore as
12: 13 :: 1:14; thatis, one of the equal
Parts of the Nonius exceeds one of equal Parts

- (viz. a Degree) on the Limb, by a 12th Part -

of the latter, that is, by 5§ Minutes.

21. Suppofe now you have. taken a Sight
~ of an Obje&, and then obferve the Index DC
of the Nonius, at fome Point between the
17th and 18th Degree, as in the Figure; the
Nonius will tell you the Minutes above 17 De-
grees thus: Look to fee where any Divifion
of the Nenius flands exattly againft a Divi-
fion on the Limb, and you will perceive in
the prefent Cafe, that it 1s at the 6th Divifion
of tie Nonius ; then, fince 1 Divifion gives
§ Minutes, (Art. 20.) 6 Divifions will give
30 Minutes, which fhews that the Index
points to 17°:: 30" on the Limb. And hence

{:'u fee the Reafon alfo, why they are num-
- bered from the Right-Hand to the Left in

e Nonius.

22. If the Quadrant were fufficiently large,
"not only the Minutes of a Degree, but the
. Seconds of a Minute might be fthewn by this .
- excellent Contrivance ; as in that called the
. Mural Arch, in the Royal Obfervatory at
.- Greenwich, which is-an Iron Quadrant with
. a Brafs Limb, moft exally graduated, and
fixed into the Side of a Free-Stone-Wall,
which is in the Plane of the Meridian ; the
- . o Length
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Length of the Radins is 8 Feet. On the
Center, and by the Limb of this Quadrant,
moves a large Telefcope, which carries a No-
nius upon the Edge of the Limb; which
fhews the Angles in Degrees, Minutes, and
Seconds. © -

23. By the.Telefcope applied in fuch a
Manner, divers Aftronomical Problems and
Pofitions are determined and defined to a
great Degree of Nicety and Exa@nefs. Thus
fuppofe you would know the Altitude of a
Star, at any Inftance, dire& the Telefcope to
it, and bring the Star on the InterfeGtion of
the Crofs-Hairs, and the Nonsus will thew the
Degrees and Minutes of it’s Altitude : Thus
the Altitude of the Sun is to be found for
many Purpofes, as of Dialing, &c. And thus
the Altitcude of the North Star, and confe-
- quently the Latitude of the Place will be very
truly known. .

24. Again, the Axis of the Telefcope be-
ing in the Plane of the Meridian, and the
vertical Hair; you may obferve the Difference
of Time, in which any of the theavenly Bo-
dies pafs over the Hair or Meridian, and
- turning into Degrees you will thereby have

- the Difference of the Right Afcenfion of thofe
. Bodies. Note, 15 Degrees of the Equator,"

anfwers to one H{)ur of Time, and 15 Mi-’
nutes of a Degree to 1 Minute of Time; and
therefore 1 Degree to ‘every’ 4 Minutes of
Fime. - - '

- 25. But

s Lwm 3
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25. By this Means alfo, the Quantity of a

- Siderial Day is to be determined; for fixing'

the Telefcope precifely in the Plane of the
Meridian, dire& it to any fixed Star, fo that it

" may come upon the Interfe@ion of the Crofs- ~

Hairs, and thus let it remain till the next
- Night, and then again obferve when the Star
comes to the wvertical Hair ; the Time be-

tween thefe two Moments is the Length of

the Siderial Day ; 'and is eafy to be meafured
" by a good Pendulum Clock.
-~ 26. When the vertical Hair in the Tele-
fcope is nicely in the Plane of the Meridian,
. it is eafy then to find the apparent Time, and
~ from thence the #rue Time. For by a good

: Pendulum Clock obferve the Moments of -

- Time, when the vertical Hair touches the two
. extreme Edges of the Sun’s Difk. The middle
“oment between thefe, is the apparent. Time
Noon, and if the Hand be then at XII, the

ock is true for the apparent Time ; if not,

t’s Diftance from it, on this Side or that, thew

/how much the Clock is too flow or too faft; -

'and having the apparent Time, the true Time is

+ found by a common Equation Table.

 27. There are great Numbers of other Ufes
to be made of a Telefcope thus mounted, fur-
nithed, and adjufted to a larger Quadrant,
efpecially when a Micrometer is fitted in it,
which the Reader may feec in Treatifes of

‘Aftronomy, &¢. but canpot expe in this
CHAP.

€ompendium.

e v et ed
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CHAP. XIV.

Of the Colours of the Sun's Light;
of ‘the different Refrangibility and
Reflexibility thereof ;5 and the I
perfection of Dioptric. Telefcopes a-

rifing from thence.

1. J N the Theory we confidered a Pencil
of the Sun’s Rays refleted from Mir-
rours, or refraGted thro™ Lenfes to ‘one finglk
Point in the Axis thereof ; but that, ftriétly
fpeaking, is not the Cafe in Nature; though
nothing to the contrary was underftood or
taught in Optics, till Sir Jfaac Newton's Time.
That great Man was the firft, who difcovered
that a Beam of the Sun’s Light, when re-
fleed or refrated fo as to be made converg-
ing, did yet not converge or tend all of them
to one fole Point or Part of the Axis; but
were fo fevered, and differently inclined by

the Medium, that fome Rays tended towards
one Point, and fome towards another, ;
2. Henot only difcovered, that the Sun’s |
Light was differently refrangible and reflexible, !
but alfo at the fame Time, that it was within |
certain Limitations, and in a certain Order
' and
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and-Proportion ; and that Rays of each feve+
ral Degree of Refrangibility, were of a diffe-
rent Colour from each other when feparated ;
and accordingly that Bodies were tinged with .
Colouts thereby. - S

3. So much of this new Doétrine, as is
neceflary to be known in Optics, or the Con-
firu@ion of Inftruments, I fhall here relate

~ from his excellent Book on that Subje& ; ‘and

~* give the Experiments by which he made, thefe

- the Paper from the Prifm about 18 Feet,
@ o

Difcoveries, The firft whereof is as follows:'

., Let ABC reprefent the tranfverfe Section of

a.Prifm, GF a Beam or Cylinder of the

* Sun’s Light coming thro’ the Hole H, in the

Window-Shut of a darkened. Chamber, and
falling on the faid Prifm. (Fig. 1. Plate
XXVIIL) . ,
4. Now this Beam GF, will be refratted
out of it’s natural Courfe E T, in pafling thro”
the Prifm, into fome other D Q; nor will it
now appear in a round cylindric Form DQSE,
as it would were it in every Part equally re-
frangible ; but in a broad, dilated, diverging
Form DXYE. The Beam thus new mo-
dified, being received on a Sheet of Paper:
L M, at a proper Diftance, will not now, as
before, be white, but will.paint a various co-
loured Spef?rum or Image X Y, of an oblong:
Form. If the refra@ing Angle of the Prifm.
ACB, be 64 Degrees, and the Diftance of

the
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the Length of the Image XY will be about
10 Inches, and the Breadth 2 Inches. ;

5. Now it is evident, that fince fome Part |
of the Beam D X, is refraGted much farther
out of it’s natural Courfe ET, than fome
other Part of the Beam, as EY, the Rays to-
wards D X have a much greater Difpofition
to be refracted, than thofe towards EY ; and
that this Difpofition does arife from the natu-
. rally different Qualities of thofe Rays is ma-
nifeft, fince the refra&ing Angle, or Power of
the Prifm, is the fame in Regard of the fupe-
rior Part of the Beam, as the inferior. Thus
the Inequality of Refrations, or the diferent
Refrangibility of the Rays of Light, in equal
Incidences, 1s plainly proved by this Expe-
riment. )

6. The Rays of Light are varioufly colour-
ed, as they differ in Refrangibility; thus the
moft refrangible Rays DV, are Fiolet; the
leaft refrangible ER, are Red; the Order of
Colours, thro’ the whole Image, being as fol-
lows, Violet, Indigo, Biue, Green, Yellow, O-
range, Red, as reprefented in the Figure. This
is the Reafon why Rays, falling near the
Edges of a Lens, are differently refracted, and
confequently - paint or tinge the Obje& with
Colours ; which makes it neceffary. to exclude
fuch Rays as much as poffible.

». For that a Lens, as A B, Fig. 2, has
the fame Property 4s the Prifin acé, in re-
fra&ing Rays, is evident from this Experi-

. ment,
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ment, vz, Let O be an .Objed of a Fioler
Colour, the Ray D A proceeding thence to
the Lens, and falling on-the Surface AaB,
at A, will be refracted from the perpendicular
CD, to the Point E; but were the Obje& O
red, it's Focus would be 'found at F, much
farther from the Lens than E; and therefore
the red Ray AF, will not be fo much refrac-
ted from the perpendicular by the Lens, as

.the Violet coloured Ray AE.

8. But the beft Experiment of this Sort, is .
to take a Slip of Paftboard, Card, &r. as
ABEF, (Fig. 3.) and paint one half ABCD
Red, the other balf CF Violet or Indigo,
and tying black Threads a-crofs it, fet.it ncar
the Flame. of the Candle G ; then take 2 Lens
H I, and holding a Sheet of white Paper be-
hind it, move it backwards and forward upon
the Edge of a graduated Ruler, till you fee
the black Threads moft diftin&ly in the
Image; and you will find the Focus of the
Violet Part f¢, much nearer than that-of the
Red a¢; which plainly thews, that Bodies of
different Colours can never be thewn without
fome Degree of Confufion, by Refradion
thro’ Lenfes. : ‘

9. The fame Apthor alfo found that the
Rays of the Sun’s Light were differently re-
flexible, or that fome Rays of a Beam of
Light were reflécted farther from the perpen-
dicular to the refleGting Surface than others;

- and alfo that thofc Rays, which are. moft

-refrangible,
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refrangible, are alfo moft reflexible. All which
he confirmed by the following Experiment.
> 10. In Plate XXIX. Fig. 1. FM is a
Beam of Light propagated into the dark
Chamber, through the Hole F, of the Win-
dow-Shut EG. ABC and BCD are two
Prifms tied together in the Form of a Paral-
lelopepid, their Sides BC and CB being con-
tiguous, and AC and BD parallel. HIK
is a third Prifm by which the faid Beam is
refratted at O, to the white Paper at VG ;
for fince the two Prifms ACB and BCD,
are placed in fuch a Manner, it is eafy to con-
ceive, that the Effe@s of the firft Prifm are
reverfed or deftroyed by the fecond, and fo-
the Beam will pafs through both to the third
Prifm, without any Alteration in the Nature
of it’s Light. . '
. 11. The Beam therefore is refraced at O,
into the different- coloured Rays OV, O,
OB, OG, &:. Now upon turning the Pa~
rallelopepid AC D B about it’s Axis, in the
Order of. the Letters. A, C, D, B, when: the .
contiguous Planes BC and C B become fuffi--
ciently oblique to the incident Beam F M, the.
faid Beam will begin to be refle@ed at the:
Point M ; and there will vanith totally out of
the refracted Light V G, firft of all the moft-
refracted Rays OV, or Violet, (the other re-
maining as before) then the Rays 10, BO,
GO, &c. fucceflively to the leaft refraGed:
or red. Hence it is very manifeft,; that the-
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Plane’ BC, did firft of all refle@ the moft re-
frangible Rays, and the reft in Order to the
;a&ﬂ: refrangible ones, which were reflected
1aft. : .
12. This he farther illuftrated by adding a
fourth Prifm X Y Z, to receive the reflected
Beam MN, and to refra& it upon the Paper
at-vg. For then the Light NO, which in
the fourth Prifm is more refraed, will be-
comie fuller and ftronger when the Light OV’
vanifhes at V; and {o as all the reft vanithes
at I, B, G, &c. the coloured Light at s, 5,
&> &ec. becomes increafed fucceffively, that
13, the Colours at 4, 4, g, are increafed, while
thofe, at v, 7, 4, receive no farther Increafe.
-And as the trajeéted Beam MO, is always of
fuch a Colour, as ought to refult from the
Mixture of Colours at VG ; fo the reflected
Beam is always of that Colour as refults from
the Colours at v g. L
13. Thofe Rays which have a peculiar De-
gree of Refrangibility, and are tinged with a
proper, fimple Colour, are called Homogeneal
Light, and all others Heterogeneal Light. Let
A C be a Ray of heterogeneal Light, falling
‘upon.a Medium of Glafs OPQ, in the
'Point C. This Ray will be feparated by the
Medium into all it’s homogeneal Rays, of
which CD is that of the greateft Refraction,
-and CE of the leaft. (See Fig. 2.) The Sines
jof tlgcfc; Refractions are GD and EF, and.
\of the incident Ray A B. 8ir Ifaac Newton
T : R:

has

!
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has thewn that AB is to GD, as o to 78,
and to FE, a5 50 to 7 % (See his Opfics, |
“page 73 )MakeGI and F H equal to AB;
then wnll ID and HE exprefs very nearly
the gréateft and lealt Degree of Refrangibili
and are to each other, as 28 to z7. &
t{at ID exceeds HE bya;; of ID; and
therefore we may take this Difference .of the
- goeateft and lealt Refraction to be a 27 ; Pat j
of the mean Refraction.
: 14. Let 'AB be a Plano-convex Lem,
(Fxg 3.) Qit's Center of Convexity; QG
it’s Axis produced; DA an hcterogened Ray
parallcl to the Axis, which by the Lensat the
* Paint A, is refraited into all it’s bo
Rays, of which AL is that of the leaft Ro- :
fraltion, AK that of the greateft, and AG
that of 2 mean Refradtion. Sappofe in lik:
ananner another Ray E B, refraced into BN, ..
BM, and BO. Thefe Rays interfe@® dhe
Axis in the Points F,OQ,G. And thofe of
greateft and leaft Refraction interfe® each
other in H and I, And thetefore HI is the
Diameter of the Circle, in which the Rays of
every Degree of Refra&tion will be found.
: 15. Draw DAP pmucltotbcAns%}
and H P perpendicular thereto,. Then will
PH, PO, Pl, be_ the Sines of the Zgf, !
mean, and greatef Refrallions, oc of the An- !
gles HHAP, OAP, and IAP, or of the An-
- gles equal to them, AGC, AQC, AFG
But the Sines of the Angles AGC and AOC

are




Of Optical Infiruments. 2359
are as the Sides AO and AG, or as CO and
‘CG nearly (by Princip. II).: Thus the Sines
‘of the Angles AOC and AFC, are as CF
" and CO; confequently PH, PO, and PI,
are as CF, CO, and CG, which therefore
may reprefont the leaft, mean, and greateft

. ‘Refra®ions.

. 16. Now fince P G is a 28th Part of CG,
(by Art. 13.} OG will be a 56th Part of CG:.
Bat fince the Triangles HOG and ACG are
fimilar, 0G:CG::OH:AC:: HI: AB
3112 565 that is, the Diameter of the Circle
"H 1, into which all the Rays which come pa-
#allel from any Point of an Obje&, are col-
' 1eéted by a Plano-convex Obje®-Lens, is the
+ g6th Part of the Diameter of the Apertare of
the faid Obje&-Lens. R
" 17. What this Dianicter H1 is, in the Fo-
cué of refle@ed Rays, may be thus fhewn.
Let A B be a Concave Speeulum, whofe Cen-
ter is Q; DA a Ray parallel to the Axis Q¥,
and refleted moft of all towards F, fuppofe O
the Focus of Rays of a mean Reflection, and
draw OI perpendicular to the Axis, which
will be the Bemidiameter of the circular Space
into which Rays of every Sort will be reflec-
ted from the Point A. ‘
18. Since F will always fall between O and
<C, the Point A may be taken at fach a Di-
. Rance from the Vertex C, that FA may be
~ eqaal to FQ_: In which Cafe, on F defcribe
" the Semicircle Q AY, cutting the Axisin ¥ ;
~ - R 2 then
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then fhall OF bcdc;;ual tos CY. gor OF =

F—QO, and 0 20F =2QF —2Q0
&QY%OC = CY; and therefore O
=3 CY. ButCY is the Excefs of the Se-
cant QY, above the Radius QA. Confe-
quently when the Angle AQC is given, CY
is known, and therefore it is half OF ; and
then fince OF : FC:: O1: AC, the Ratio
of 10 to AC, the Semi-aperture of the Glafs
will be known. . '

19. For Example. Suppofe the focal Length
O C of the Speculam A B be 12 Inches, and
the Angle AQC = 2° 3'!; whence the Arch
AC will be very near # an Inch. Then if
the Radius QA or QC = 100000, the Se-
"cant QY will be 100095; therefore CY =
—21—, the half whereof 7315 = FO. Since
then FO is the i Part of QQC, it will
‘be the 22— Part of OC; and therefore 10
will be the fame Part of AC, which is near
20 times lefs than a ;7 Part, as in the Con-
vex Lens. B _

20. If each individual Point of an Obje&
were . to affe® but fingle or individual Points
on the Retina, the PiGure there made would
\be abfolutely perfec?, and the Idea conveyed
to the Mind, or Viffon, would alfo be perfe@-
ly diftiné? ; but fince it has been fhewn, that
Rays coming from any fingle Point in an Ob-
je&, and collected by a Lens, Mirrour, or
the Eye, do not reprefent that Point in a
Point, but circular Space of the PiGture; and §

9 fince
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Of Optical Inflruments. 261
fince every Point of the PiGture may be the
Center of fuch a circular Space, and this cir-

* cular Space will admit of a Mixture of as

many others, as there are Points within the
Diftance of a Semidiameter; and, laftly, fince
the very central Point of this Space will be
affeted or covered with all thofe Circles,

‘whofe Centers fall within it’s own Circumfe-

rence: I'fay, from all thefe Confiderations it
is very manifeft, the PiGure muft be extreme-
X confufed and indiftin&, and confequently

e Vifion will bé fo too; and that in Propor-
tion to the Area of the Circle, Confufion is
%aintcd in the Piure on the Retina of the

c.

yz 1. Now fince the Areas of thefe Circles,
formed by refleted Rays, are incomparably
lefs than thofe formed by refracted Rays, it is
evident, the Vifion by refleing Inftruments
muft fir exceed that by refratting ones, and
confequently that refleting Telefcopes are
vaftly preferable to refratting ones in their
Effeéts, as well as Conveniency of Form; to
the Theory of which I now proceed.

\

R 3 CHAPR
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CHAP XV
Of she Cata-dioperic or Reﬂe&'ing Ze-

lefcope 5 if's Theory, Comforuttion,
and Ufe. - .

3.7J H E imperfe® Vifion, by Dioptric
" QR Telefcopes, of a great magnifying .

Power, unlefs vety long, which then were
very cumberfome and unmanageable, gave the
Opticians Occafion to meditate and contrive
fome Method of fhortening, and making this
excellent Inftrument of a more commodions
Form, and of more general Ufe.

2. This, from the Nature of the Stience,

‘they were foo convinted, was to be effected

by Réfleéon; and therefore feveral Perfons,
in feveral Parts, began to contrive and make
Reflecting Telejcqpes, (0me one Way and fome
another. The firft Hint and Figure of any
thing in this Kind was by Dr Fames Gregory,

a 'Scotchman, in his Book called Optica pro-

mota, pag. 93, 94
3. The Form and Manner of the Grego-

‘a8 Telekcope was as follows. In Fig. 2.

let ABEF be a Tube open at the End AF,

“towards the Obje&t; at the other End he

~ placed
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i placed. a parabolic ‘Concave Speculum BE,

with an Hole CD perforated in it's Vertex ;
a little beyond the Focus ¢ of this, he placed

:another {mall Concave G, (on the Foot G H)

of an Elliptic Form; at the End of the great
Tube BE, he fcrewed in a fmall Tube

" CDK], ‘containing an ocular Lens of a co-

noid Form .on one Side, and plain on the

4."Now fuppofe 4, 5, two parallel Rays,
falling on the Speculum BE, in ¢, d, from
thence they are refle@ted to, and collected in,
it’s Focus ¢, where the Image is formed and
inverted ; this Point e is alfo ene Focus of the
Elliptic Speculum G, and therefore the Rays
coming thence, and falling on G, are by it

- refle@ed to the. other Focus thereof, in the

little Tube at £. Here again the Image is re-
formed, very large, and ereét, which being
alfo in the Focus of the Plano-conoid Lens
1K, is feen by parallel Rays very clear and
diftin&. ’

5. Such was the Form and Theory of the
original Gregorian Tube, but the Doétor, be-
ing deficient in Mechanics, never brought it
to PerfeQion, but propofed it for others to
execute. He had alfo fpherical Speculums of
Metal, but could not ufe them for want of a

. good Polith. And thus nothing was done -

in the Teclefcope of this new Invention, till
about the Year 1666, when Sir Jfaac Newton

thought proper to alter a little the Conftruc-
' Ry tiont
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tion of the Gregorian Tube, and inftead of
placing the Eye-Glafs at the End, he put it
into the Side of the Tube, as in Fig. 3.

6. Where ABEF is the Tube, BE the
Obje& fperical Concave, which reflet the pa-
rallel Rays 4, 4, to a fmall plain Speculum G,
placed a little within the Focus of BE, and
fo as to throw the converging Rays direétly to
- the Side of the Tube, upon a {mall Eye-
Glafs I, placed in a Hole therein; and the
Situation of the Speculom G was fuch, that
the Focus of Parallel Rays from BE, was
made to fall exa&tly on the Focus of the Eye-
Glafs in ¢; and confequently the Eye muft
then have diftin& Vifion by Parallel Rays.
This was the StruGure of the Newtonian
Tube, ..

. =. A few Years after one Monfieur Caffe-
grain publifhed a Defcription of a Refletting
Telefcope, as his own Invention; but fince it
was entircly of the Form of that in Fig. 4,
where the only Difference between it and the
Gregorian Telefcope is, that the fmall Specu-
lum G is in this a Comvex, and in Dr Gre-
gory's a Concave. And therefore this of Mon-
fieur Caffegrain’s feems to be only that of
Dr Gregory's difguifed,

8. About this Time alfo Dr Haok contrived
a Telefcope of this Kind ; the Form thereof
was that of Fig. 5, wherein you fee it differs
nothing from _the Gregorian Telefcope, but
the placing of the Eye-Glafs I, in the Hol;
t . R o1

eI, . M-—“.‘.‘—M
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Of Optical Infirumenss. 265
of the great Concave BE. But whether

Dr Hook infifted on this as his own Invention
I cannot fay, though he feems to do fo in 2
Letter he wrote about it to fome Lord.

" 9. To thefe feveral Forms, I fhall add one -

that I contrived for my own Ufe, which is
fomewhat of the Newtonian Stru&ure, but of
a perpendicular Pofition, as reprefented in
Fig. 6, ABEF is the Tube, in which there
is an Opening or Aperture O P, in the upper
Part ; againft this Hole, within the Tube, is
placed a large plane Speculum G H, at half a

Right Angle, with the.Axis or Sides of the -

“Tubes, with an Hole CD perforated thro’
the middle thereof. The Parallel Rays 24,

~ falling on the inclined Plane G H, are refleGed

perpendicularly and parallel on the great Con-
cave BE, in the Bottom of the Tube; from
thence they are refleCted converging to a Fo-
cus ¢, through the Hole of the Plane CD,

“which being alfo the Focus of the Eye-Glafs

1K, the Eye will perceive the Obje@ v
‘much magniyﬁed and %?ﬁin&. T

10. Now though the Forms and StruGure
of thefe feveral Tubes are different, yet their
Effe@s all flow from one Principle, viz. Tke
Juperior Perfection g reflex Vifim. For they
all perform their E

Fl& 2,4,and 5. And an Image formed by
refleted Rays 15 fo very perfeét and diftin&,
that it will bear viewing with an Eye-Glaf?

: _ o

_ &s cither by one Reflec-
tion, as Fig. 3 and 6; or elfe by two, as

A
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of a much thorter focal Diftance, than when it
is painted by refracted Rays; for in that Cafe,
if it be magnified too much, the Confufion
of the PiGure will be rendered fenfible, and
‘the diftin&t Vifion of the Object entirely im-
peded. ‘ o
11. Lhall firfk confider the Effe@s of the
Gregorian Telefcope by two Refle@ions. In
Plate XXXI. Fig. 1. ABE'F is the Tube
containing the great Concave BE, and little
one G; let g, 5, be two Parallel Rays coming
from a vaftly diftant Obje@ OB, and falling
on the Concave in the Points ¢, 4; from
hence they will be refle@ed to the Focus ¢,
where they form an Image I M inverted. Let
J be the Focus of the fmall Concave G, and
fince the Image IM is a little farther diftant
from the Concave G than it’s Center, the
. Rays come from it with fuch a Degree of Di-
vergency, as to be refle@ed by the little Con-
cave to another Focus £, and there crofling
again form another Image I M, which will be
now in an ere& Pofition; and being fuppofed
in the Focus alfo of the Eye-Glafs K L, the
Eye will fee a Part of it very diftin&, and
greatly magnified. ‘This has been in every
Part fo particularly demonftrated, in the
Theory and Pracice of Cazoptrics, that I need
not here again repeat it. ‘
12, Now as to the Power of magnifying,
kt »Q_and ’g%he two Rays coming from
the Extremitres of a diftant Object, ‘and meet=
. ing
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ing in the Center Q_of the Speculum BE;
; tgfe Rays will uuu?fme thelxl::g':l‘l M, be-
. caufe the Objeé and it’s Image are both feen -
i oader the fame Angle £ Q 4, to an Eye at the
Center .or Vertex of a alum, by Art. 5
Chep. 1V, of Gavoptrics. Now this firft Image
IM may be confidered as an Obje&t, with
. Refpect to the fmall Speculum’ G, whofe
}  Image IM is formed in the Focus £, and
. terninated by the Rays IG and MG, drawn
|  ¢hrough the Extremities of the Object 1 M.

This fecondary Image 1 M, is that which is

viewed by the Eye-Glas K L, under the An-

- gle IN M, fappofing it could be all feen at

once. And therefore the Obje@ is to the
Image ia this Telefcope, as the Angle gQ.4,

tothe Angle INM. L

13. Bot thefe Angles are in the compound

Ratio of Qe to ¢G, and of 2G to &N, for

: theAngle IQM isto IGM, as ¢G to eQ;

v and IGM (=IGM)is INAM, as £N to-

kG ; and therefor LGM INM(.-_-:

| 4 '1qQM  IGM
INMYy Qe kG .. .

) IQM)— G SN ‘That is, the Angle
TNM, is to the Angle IQM or gQ4, 3
e x kG is to eG x £N. All which is
emonftrated in Chap, H, of this Part.

4. Hence as Qg, the focal Diftance of the

1
- j E, isi #N,
- b]ea Speculum _‘,‘ ncwofed,ann'.‘he

* - —



268  Of Optical Infruments.

the focal Diftance of the Eye-Glafs is dimi-
nithed, the magnifying Power of the Tele-
fcope will be increafed. And it.is evident,
that the fame things are at the fame Time
thewn for Caffegrain’s Telefcope, Fig. 2.
where the fmall Speculum G is a Convex,
and the Image IM only wirfual, or behind
it, and the Image J M inverted, other -things
being the fame. -

15. If the focal Diftance Qe, of the Ob-
je&-Speculum BE, and Gf of the fmall one
/G be given, and you have determined the
Point £, where the fecond Image is to be
formed, the Diftance Ge, of the firft Image
from the Speculum G, may then be found,
and a Theorem raifed for calculating the mag-
nifying Power of the Inftrument. For having
the focal Diftance Qe¢, and the Diftance Q %,
there is known %e; then put %2e —= X,
Ge=d, and Gf=4r; and we thall have

dr
- F—] k= .
X—l_d' G Zd—-r

Chap. 111, of Catoptrics.

3 by Theor. 14.

dr

16, Then — —| 1| X +d= ——
Therefore — — —| 2 §i{§;{"=ﬂddr—-Xr .
Add dr, — — —| 3| { 20X 2di—Xr
Aod by Trantpol—| 4| { 2051202

Divide

i
——

W e o=

et

bl + st

A
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Divide by 2 — —{ 5 ‘gisl(‘i'dd-r. dr
‘Put—-—_...'_'b'x__.,__:zz. .
Then —_————17 dd—l— 2Zd = 3Xr.
Compare the Squ—| 8 ‘Z j_erZd +Z gz
"Extraé the Root—| 9 d+Z=viXrJ2Z.
Therefore — — —| 10| {4=viXr+22
— Z, Theorem.

17. Having thus found 4 = Diftance of
the firft Image from the fmall Mirrour G;
the magnifying Power of the Tube may eafily
be computed as follows. Let the focal Di-
ftance of the great Mirrour BE be 6 Inches, -
that of the leffer 1 Inch; and let it be propo-
fed to have the fecond Image, or Point £, at
1 Inch, before the Mirrour BE; then will
X =te=g, r=2, andX—r=22=3,
‘and fo Z = x.fi;auWhence by the Theorem,

{Art. 16.) we find d = 1.192. Sce the
Operation. A
. 3 Xr = [
ZZ = 2.25 |
sXr+ZZ = 7.25 (2.692=viXrZ2Z.
C 4 L= Z
46 ) 325 1192 =d=Ge.
276 - \
529 Y4900
. 4761
: .13900

18. Haviné
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18, Having Ge = 1.192, and Q¢ == 6,

wehavega—f-., which is the firft Part
Ge 1192

of the magnifying Power. Then if the fo—
cal Diftance N of the Eye-Glafs be 1 § of
6 .
snlnch we have G—k—-— 92 Andtherq—
Nk 1.2
fore Q_ Gt~ 6 6192 37152
Ge *NE T 1192 13§ 1.49
== 25 very nearly. Therefore an Eye-Glafs
KL, whofe focal Diftance it N&z=1 ¢ of
an Inch, will magnify 2 times, and if N#
be but 4 Inch, it will magnify the Diametes
of Objeds above go times.
19. Tbm:‘:f oncCafl:cwhentthuzvcr of
-magmfy will be, as the Square of - the focal
ng frmt Mr, o thgcm le
wder the foca Diftances of the fmabier Cw-

ceve, and the Eye-Lens. And that is, when
Q4 = fe; for then the f2id Power will be ass

?;; ;}g Thus ﬁlpquc Q, 6Inchcs andi
Gf=Nk=1 Inch, fach a Telecope will
Qex Qe_, 6x6
Gf" Nki ~ 1x1

magnify 36 times; for

= 36.
20. If Qe, the focal Diﬁance of the reater
53 g

Congave be g Inches, and that of the |
. lCﬂEK |
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lefler G be 14, and of the Eye-Glafs 1 Inch;

then if Q2 = fe, we thall have 195"9 = 54

the Numbcr of Times foch a Telefcape will ‘
If the focal Length of the Eye-

Glafs but 1 Inch the Power will be

et 81; for fo many times will i it mag- °

mfy the Diameters of Objeds.
21. If Qe = 12 Inches, Gf =2, and :
N#Z = 1.5; then if Qt = fe, we have

12.%

4 = 48, the Number ofomes
2% 3

the Diameters of Objets will be magnified ; °
but fofz.-: 1.5, and N = 1 Inch, then

12X 1%
the Power will bp T_-/;-;-x- = g6 times, If
thelmcgeIMber ired at any other Di-
ftance before or behx;%mtbc great }(,Jona.vc Q,
the Power of magmfymg may be found as in
Art. 36and 17,

23. If the 'I'ekfcope be larger, wiz. 14

Foo:, or2,3, E 6, &e. Feet bng. there

sre two Eye ,asmFl%

- Where thc Image IMas projeGed to

Diftance Q #, behiad the great Mirrour BE,
sad by the Interpofition of the firft Eye-Glafs
W X, it is contralted into R 8, by Refraltion
of the Rays WM, X1 into WN, X0, :t
the
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the fecond Eye-Glafs Y Z, which. again re-
fra@s them to the Point P, where the Eye
views the Obje& in it’s laft Image, under the
Angle NP Q. The Effe@s of a Combina-
tion of two Eye-Glafles have been already
explained in Chap. VII, of the Microfcope,
where the Power of magnifying, the Ampli-
fication and Quantity of the optic Angle
NPO, are confidered in Comparifon with
the fame in a fingle Eye-Glafs.

23. For if the Nature and Conftru&ion of
this Telefcope be well obferved, we fhall find
it of - a' Telefeope and Microfcope comjoined in
one, or compounded in one Machine. For, (1.)

We are to confider the Obje& Mirrour BE, -

forming the Image IM of diftant Obje@s, in
it’s Focus e, and the fmall Speculum G, pla-
ced at it’s focal Diftance from the Image, will
give-diftin& Vifion thereof by Parallel Rays
ta any Eye at Q, which is the Fun&ion of
an- Eye-Glafs, and magnifies the Objett in
Proportion of their focal Lengths Q¢ and ¢G;
which is all that is performed in-a common
Telefcope. But, (2.) If the Image IM be
now looked upon as a Microfcopic Objeét, it
is removed a little from the Focus f of the
fmall Speculum, fo far as to caufe a large Image
thereof 7 M, to be formed near the Eye,
which is the Effe® of an Obje®-Glafs in a
Microfcope ; this Image I M is diftin&tly
viewed in the Focus of an Eye-Glafs or two,

: . - . which
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which is all that is performed in a common
Microfcope. :

24. Therefore fince the Refle@ting Tele-
{cope is nothing but a common Telefcope and
Microfcope combined together, and it’s Ef-
fec compounded of the Effe@s of thofe ¥wo
Inftruments; it is evident the Nature or
Theory of this admirable Inftrument will be

: .eafy to underftand, when thofe of the fimple

Telefcope and Microfcope, before explained,
are well confidered, and underftood.
25. I fhall conclude this Account of the

‘Reflecting Telefcope with an Obfervation or

two, neceflary for thofe that fhall undertake
to make them; and, firft, with Regard to
the Hole CD, in the great Speculum BE,
it’s Diameter fhould be equal to that of the

* fmaller Speculum G ;- for if it be lefs, no more

parallel Rays (which make the principal Pen-
cil cyxd) can he refle@ed, than if it were
equal to xy, and fo it can anfwer no Purpofe;
but may do Harm, in contracting the vifible

. Area within too narrow Limits.

26. Again, it muft not be bigger than the
Mirrour G, becaufe fome parallel Rays will
then be loft, and thofe of moft Confequence
too, as being neareft the Center; if any Part
of the great Mirrour can be dpafed, it muft
be on the Extremity: Now the Bréadth of
the little Mirrour xy, is eafy to be deter-
mined by the focal Diftances Qe and ¢G,
and Aperture of the great Mirrour ¢d; for

- S ‘ Qe
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G

Qe:eG::dcxy. Soppofe QE =6, e
= 1.2, and cd = 1.§; then m; = ¥

of an Inch, and therefore xy may be a little
mae than 2 of an Inch, If Qe =9, ¢G

BgX2

=o0.3

= 1.5, and ¢d = 2; then

== 03¢

=xy. IfQe=12¢G =2, andcd=2;
2%2

~

then made abont 4 an Inch. For the Diame-
ter of the Mirrour thould be a little bigger
shan the Pencil of Rays, which it receives.

27. The next thing to be regarded is the
fmall Hole at P, in the End of the Eye-
Piece, which muft be nicely adjufted to the
Size of the Cylinder of Rays, emerging from
the principal Pencil in the neareft Lens YZ,
For if it be bigger, it will permit the foreign
Light of the %ty, &r. to enter the Egye,
which cannet be fuffered ; for the Eye muft
receive nothing but what comes from the
Surface of the fmall Mirrour G. ¥ the Hole
be fmaller than the Diameter of the Cylinder
Prs, then fome of the neceffary Light of the
principal Pencil will be excluded, and the Ob-
jeét rendered more obfcure,

. 28, If the Eye-Glafs YZ'wcrc alone, and
i the Focus thercof, the Diameter of the Hole
i " would

then

== 0.14 = xy, which may be

et -

P
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would be found by this Analogy; As G/:
{r::xy:rs = the Diameter of the Cylin-
der or Hole. Suppofe G/ =8, /r =1, and

S ' 1%o0. |
Xy = 0.3; then = Q04 == r§, mears
Iy ;_therefore the Hole muft not exceed 7 of
an Inch in Diameter. Again, fuppofe G/ =

16, Ir —_-..1.4, and xy = 0.§; then, 1”&4.:;.5

. == 0.044 =rs; and thérefore in a Telefcope
of this Length, the Hole at P muft not ex-~
ceed 7 or 5 of an Inch in Diameter. And
this will be the Size of the faid Hole, if the

« Tmage R 8 ‘be formed in the middle between
two Eye-Glafles W X, and YZ. For fince
Ir = In, no will be equal to rs; and it is
Gl:im::xy:no = rs, asbefore.

29. It is ufual to place a Plate TV, in the
Focus / of the Eye-Glafs YZ, with a Hole
in the middle of fuch a Diameter RO, as
will circumfcribe the Image, -and limit the
Angle of Vifion, in fuch a%jfanncr; as to ex-
hibit only fo much of the vifible Area, as ap-
{)oears diftin&, and exclude the confufed, co-

ured, and contorted Part thereof; and all
the collateral and fuperfluous Rays, which
enter by the Sides of the little Mirrour, oc
are refle@ed from it’s Margin. The Diameter
of this Hole R § is various, accosding to the
various Dimenfions of the Teleicope, and.

§2 . Apertures
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{' CHAP. XVL

Of Micrometers, and the Method of

i fitting them to Microfcopes and Te-

| lefeopes. :

? 1. HE Word Micrometer is Greek, and
_ fignifies an Inftrument fo meafure
Jmall Objecis, as thofe which are the Subjetts

. of our View through the Microfcope or Tele-
fcope ;. and therefore any Contrivance in either
of thefe, or any other Ways applied, by which
we can meafure fuch fmall Objeéts, whofe
Dimenfions cannot be taken by a common
Rule, is called 2 Micrometer, Of thefe there
are feveral Kinds, fome of which have been
applicd to the Telefcope, but none fixed in a
Microfcope before that which I make and
fell under the Title of the” Pocket refletting
Microfcope with a Micrometer. :

2. Thofe which I make and ufe in the
Microfcope are of two Sorts, which I fhall
now defcribe. The firft confifteth of a cir-
cular Piece of Glafs AB, on the middle Part
of which are ftrait parallel Lines cde f, drawn
with the fine Point of a Diamond, (in an
Inftrument made for that Purpofe) of which

S3 | 40
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40 are contained in an Inch, or-the Inter-
val between two Lines is precifely the 4oth
Part of an Inch. See Fig. 1. Plate XXXII.

3. The Intervals of thefe Lines, tho’ fcarce
difcernable to' the. naked Eye, are very dj-
ftin&, and appear very large through a Lens,
whofe focal Diftance is but an Inch, larget
than the Tenth of an Inch to the naked Eye.
And therefore, if it be placed in the Focus of
the Eye-Glafs of the Microfcope, the Image -
of the Obje&t will be painted upon thofe
Lines, and the ‘Parts thereof may be com-
pared with the Intervals, and their true Mag-
nitude or Dimenfions thereby very nearly
known. ‘ '

. Let A B be the Focus of the Eye-Glafs
DF, (Fig. 2.) in this Focus I either place
another Lens for amplifying the Optic Angle,
or elfe the Glafs Micrometer for meafuring
fmall ObjeQs; let this Micrometer be repre-
fented by the Circle GHIK, and the parallel
Lines by LMNO, all magnified by the Eye- -
Glafs DF. Let the Edge of a Ruler g4,
graduated into Inches and Tenths,” be laid
under the Obje@-Glafs df, and ab, two of
thofe Tenths which will be reprefented by
AC, CB, in the Focus. Again, let each
Tenth ac, and cb, be divided into four equal
Parts, thefe Divifions will be fhewn by the
dotted Lines between AC and CB in the

Image, and will appear very large.
5. Now
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5. Now you are to confider, that fo many

Times as the Diftance Ce, is greater than

CE, fo many Times A B is bigger than ab;

and confequently, fo many Intervals of goth
Parts in ct%e Glafs Micrometer, will be

- to one fuch Interval in the Image AB. If Ce -

2 CE:: 4: 1, then four fuch Intérvals in the
Micrometer are equal to one in the I 3 if

Le:CE::5:1, 0r6: 1; then will five or

fix of thofe in the Micrometer correfpond to
one of thofe in the Image ; and therefore by an
Obfervation of this Kind it will be eafy to
know, at any Time, what the Ratio of Ce
to CE is, and confequendy how much the
Microfcope magnifies an Obje&.

6. With this Micrometer it will be very cafy
to meafure any minute Objet very exadly;
for the Image being caft apon it, it will be
<afy to judge what Praportion the Diameter
of the Qbje@, or Part to be meafured, bears
to that of an Interval between two Lines of
the Micrometer, and from thence to deter-
mine it in Parts of an Inch. Thus, if I ob-
ferve the Width of an Objet to be juft the
fame with that of an Interval, I know it is
the 4oth Part of an Inch; if half the Width,

- one 8oth Part; if £ of the Width, it will be

one 16oth Part of an Inch. :
7. Thus if an Obje@ cover a sth Part of

an Interval, it will be but the 200th Part of -

an Inch in Diameter ; if I find it is in Length
equal to one Interval, or a goth Part of an
_ S4 - Inch,

gn i, -
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Inch the Superficies of that Obje& will be
755 X = = 53335 Or one 8oooth Part of a
fquare Inch Andthus the Length, Superfi-
cies, and Solidity of any minute Obje&, or
Part thereof, may be known, and meafured
to a fufficient Degree of Exanefs by this
Glafs Micrometer, which is fo eafy to be un-
derftood, that I need fay no more of it.

8. The fecond Sort of Micrometer is more
artificial, and, if well underftood, would be of
very great Ufe where the utmoft Exacinefs is
required. It confifts of a Screw and Nut;
(fee Fig. 3.) the Nut is fixed into the Side of
the Microfcope at G, at the Focus of the
Eye-Glas DF ; on the external Part or Face
of the Nut is a graduated Circle, reprefented
in the Fig. N T, in the Center of which the
Screw HO moves, the Hand HQ_ pointing
to the Divifions of the Circle.

9. The Screw HO, that I ufe in my

" Pocket Microfcope, has 50 Threads in an

Inch precifely ; and the Circle N T is divided
into 20 equal Parts, and numbered as in the
Figure. Now fince one Turn or Revolution
of the Hand moves the End of the Screw O,
over a Space equal to the -~ of an Inch, the
Motion of the Hand over one of the Divi-
fions of the Circle, will caufe the Point O to
move over the &5 of 55 of an Inch, that is,
over the —— Part of an Inch,

10. Now when the lower Eye-Glafs GK
is taken away, the Image AB, of any Obje&t

. ab,
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ab, is projeGted into the Place of the Screw,
or Foous of the Glafs DF, and fo the Screw
H O will appear to lic or move upon the Sur-
face of the Image; and as the Screw will ap-
pear very large, fo it’s Motion will’ be very
vifible over the leaft Part of the Image. Sup-
pofe now the Image' AB, be 4 times larger
than the Obje& ab; then, fince the whole
Revolition of the Screw moves the Point O

over one soth of an Inch in the Image, it

will be but one 4th of one soth in the Ob-

‘je ab; thatis, it will meafure a 200th Part

of an Inch in the Obje&. Again, fince the
Motion of the Hand over one Divifion in the
graduated Circle, meafures the 100oth Part of
an Inch in the Image, it will meafure but a

4o0oth Part of an Inch in the Obje&.

11, And thus if the Image AB be g3, 6,
8, or 10 times greater thah the Obje&t ab, one
Revolution of the Hand will accordingly mea-
fure the 2j50th, 300th, 400, or sooth Part
of an Inch in the Obje&; and the Motion
over one Divifion 'of the Circle will be over
one soooth, 6000, 8oooth, or 10000th Part

" of an Inch in the Obje&. And thus know-

ing the Meafure of one Revolution, or of one
Divifion, the Meafure for any Number of Re-
volutions, or Divifions in the Circle, is alfo
known. For Inftance;

12. Let AB be to-ab, as 8 to 1; and
fuppofe in meafuring the Length or Breadth

of an Obje&, your Index makes four Revolu- -

-tions,

s
o
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tions, and ftands at the 13th Divifien of the
Circle. Then fince in fuch a Microfcope,
one Revolution is the 4ooth Part of an Inch,
four Revolutions will be the 100th Part of an

Inch in an Obje@ ab, and, again, fince one |

Divifion is the 8oooth Part, 13 Divifions will
be ;33; = 0.0016 of an Inch; but c.or -
0.0016 = 0.0116 of an Inch; that is, the
Length or Breadth of fuch a Part of the Ob-
je& was ;535 Part of an Inch.

13. Or thus; 4 Revolutions make 8o Di-
vifions on the Circle, which, with the odd 13,
make g3 Divifions in all; then 35 = o.0116,
the Decimal Part of an Inch, as before, for
the Length of the Obje&, or Part meafured.
In Pra@ice, the beft Way is to determine the
Proportion of Ce to CE, or of AB to ab;
and then to form a Table, thewing, at Sight,
the Meafure in Parts of an Inch, anfwerin

to' all the Revolutions and Divifions thereof, -

as you judge there will be Occafion for ;
which is ¢afy to be done oy thofe who have
any Skill in fuch Matters.

14. Note, whenever you go to meafure an
Object, fet the Index precifely at 10, or the
Beginning of the Divifions ; alfo let the Screw
ftand out from the Plate fomewhat farther
than you judge to be the Length to be mea-
fured ; and, laftly, with one Hand turn the
- inner Tube of the Microfcope, and with the
other move the Objet ab, fo that the Part
- 10 be meafured may be brought very nicely to

' 1 - touch

L s e
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touch the fharp Point O of the Micrometer ;
then turning the Index about, you will eafily
perceive when the faid Point i3 juft on the
other Extremity of the Part, then counting
the Revolutions and Degrees, you turn them
into Parts of an Inch, as before taught.

- 15. In Telefcopes of the refralting Sort,
Micrometers have had a long ftanding. In
thofe of great Lengths, a very curious Ma-
chine of this Kind has been ufed to meafure
fmall Angles; for in the Telefcope, it is the
Angles themfelves, not their Subtenfes, as in
the Microfcope, that are meafured by the Mi-
crometer. 'And to know the Angle which
any Body or Object fubtends, being of little
Ufe, except in the heavenly Bodies; the Mi-
crometer in the Telefcope is only applied to
seafure the Angles fubtepded by the Diame-~

. - ters of the Sun, Moon, and Planets, &,

16. But fince long Telefcopes are going out
of Ufe, and fince the Micrometer abovemen-
tioned is a very compound and cxpeafive
thing, and it’s Defcription would be vgre; te-

dious, I chufe to pafs it by, and give an Ac-

count of a more fimple one, which contains
in jt the true Nature and Effentials of a Mi-
crometer ; confifting only of two Screws in a
Piece of Wood, Ring of Brafs, &¢. fixed to
that Part of the Tube of the Telefcope, which
is the common Focus of the Objet and Eye-
Glafs. Sec Plate XXXIII. Fig. 1.

* 17. Let
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. 17. Let AB and DE be the Obje& and
Eye.Glafs of a Telefcope; and KG, HL,
the two Screws in their common Focus.
Now if the focal Length of the Objet-Glafs
CF be known, and alfo the Number of
Threads in the Screws which are equal to an
Inch, then will it be eafy to compute the
Quantity of an Angle meafured by one Revo-
lution, or Part thereof, of the Screw. Thus

fuppofe CF = 10 Feet, or 120 Inches, and -

that 40 Threads of the Screw make an Inch
precifely ; again, let GH be the greateft O-
pening of the Screws, and therefore G CH,

the greateft Angle that can be meafured in

this Telefcope.

18. Then if GH = 1 Inch, HF will be
1 an Inch, and therefore in the Right Angle
Triangle FCH, there being given the Side
CF and FH, we fhall find the Angle FCH
by this Analogy.

. As the focal Léngth CF = 120 =2.0791812.
Is to the Side - ~ - FH = 0. § = 9.6989700
8o is the Radius - .- 45° : 00’ = 10.0000000

| ——————

To the Tangent of the An-
gle FCH = 14 20" = } 7'6.’97988

19. Now the. Screw in paffing over F H
will make 20 Turns or Revolutions, and
fince 14’ : 20" == 860 ; therefore fay, As
20® : 860" : : 1*: 43" ; that is, an Angkt:_
A - 0

1
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of 43" is meafured by one Revolution of ‘the
Screw: If the Index, or Hand of this Screw,
moves over a Circle on the Face of the Mi-
crometer, divided into 10 equal Parts, and
thefé fubdivided into 10 others each; then
every tenth Divifion will meafure 4" : 18”5
and every hundredth Part 25’%. And if the
focal Diftance CF be greater; the Angles
meafured will be fmaller in Proportion. . P

20. If it happens that no Number of
‘Threads are exaétly contained in an Inch, or
any known Meafure, there are feveral Ways
whereby the Angle meafured by a Revolu-
tion, or Part thereof, may eafily be compu- .
ted. ‘Thus fuppofe A B, CD, were two
Lines drawn parallel to each other, on a Wall
at a fufficient Diftance, and EF their Di-
ftance ; then if the Telefcope be directed to
the Line EF, fo that the Axis thereof K L,
be perpendicular thereto ; and the Diftances -
EF, KL, precifly meafured, the Angle
EKF will be found by" Trigonometry, as
above, and therefore it is equal to fKe.
Then through the Telefcope view the Image
J'¢, and adjuft the Ends of the Screws to the
Extremities thereof very nicely, and count
how many Revolutions and Parts of a Re-
volution arc made before the Screws meet.
Then fay, As the Number of Revolutions is
to the whole Angle /K ¢, fo is one Revolution
to the Angle it meafures. Fjg. 2.

21, Or
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21. Or thus, fuppofe EF reprefents a Por.’
tion of the Equinoctial in the Heavens, and
let E be a Star in or near it; then having di-
re@ed the Telefcope to the Star, and fet the
Eods of the 8crews at the Diftance of a cer-
tain Number of Revolutions, bring the Star
to touch onc of them, and obferve, by a good
Pendulum Clock, the Interval of Time which
the Star takes up in paffing to the other, then
turn that Time into the Minutes, Secands,
and Tbirds, of an Arch, and they will be the
Meafure of the Angle of that Aperture of the
Screws. .

22. Or, if the Star be at any confiderable
Diftance from the Equinodial, the Interval
of Time obferved in the Star’s Tranfit over
the Opening of the Screws, muft be lefiened
in the Ratio of the following Analogy, wiz.
As the Radius to the Sine of the Star's Ds-
flance from the Pole, {6 ss the Interval
Time obferved, to the Time required ; whi
turned into Minutes and Secoads, gives the
Angle of the Aperture of the Screws.

23. In the fame Manner yon find the Angle
for any Aperture of the Screws in a Refle&-
ing Telefcope ; and confequently a Microme-
ter may be fitted in thefe, as well as in the
other Sort. I fball conclude with an eafy,
practical Method of finding the Power of
_magnifying in a Refle@ing Telefcope, which
is as follows, . -

24. In
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24. In a Tube of 6 Inches Length, fix at
one End a2 Piece of Glafs,. on which are
drawn fome parallel and equi-diftant Lines,
and at the ather End a Piece of Paftboard or
‘Wood, with a very fmall Hole in the middle;
with this view fome diftant Obje&, whofe ap-
parent Diaineter will juft equal the Interval of |
two of thofe Jardkl Lines. Then put the
fame Picce of Glag into the Focus of the
Eye-Glafs of the Telefcope, and .viewing the
fame Object again through the Telefcope, ob-
ferve very nicely, how many of thofe magni-
fied Intervals the magnified Diameter of the
©Obje& now equals; then may the Power of
magnifying be eafily known.
. 25. For fuppofe the focal Diftance of the
Eye-Glafs be- 1 Inch, the Intervals of the
Lines will be magnified 6 times; again, faﬁ;

_ pofe the Diameter of the Obje& through ¢t

Telefcope appears equal to 8 of thofe Inser-

* vals, it is evident the Telefcope magnifies 6

times 8, or 48 timaes.

CHAP,
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CHAP XVIL

An Optical Inflrument for meafuring
the Angle of Vifion, or effimating
the apparent Magnitude of Bodies ;
alfo for viewing Perfpeftive Prints,
Piltures, &c. - ’

L H E Inftrument for thefe Purpofes is

- that of Fig. 3. Plate XXXIII. con~
fiting of a Tube ACBD, containing two
Convex Lenfes AB and CD, of an equal fo-
cal Diftance 75 or An, and placed at twice
that Diftance from each other ; exadtly in the
midft between them, and therefore in the Fo-
cus of each, is placed the Glafs Micrometer
(before defcribed) E F ; upon which the Image
g b, of any diftant Obje&® G H is formed by
- the Obje&-Glafs CD.

- 2. This Image being alfo in the Focus of
the Eye-Glafs AB, is feen diftinély by-the
Eye placed in the other Focus ; the Rays
g/ and b % being parallel, g b is equal to £2/;
and. therefore the Angle 2m/ = bhig = GiH;
- -and therefore the Image, formed in this In-
ftrument, is feen under the fame or an equal
Angle, as the Objet fubtends to the naked

Eye;
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Eye; And confequently the Objett is neither
magnified nor diminithed thereby. -~
- 3. Now fuppofe the Lines on the Micro~
meter EF, are 40 to an Inch; (as in that I
ufe) and the focal Diftance of the Glafles be
one Inch; then the Angle which the Interval
between two of thofe Lines on the Microme-
ter fubtends to the Eye, is of 19: 26’; fo two
will fubtend an Angle of 2°: 52’; and three
an Angle of 4°: 18'; and fo on: the Anfles
and their Subtenfes being very nearly propor-
tional, when fo {fmall. Hence the optic Angle,
or Angle of Vifion, under which any Objelt at
any Diftance 1s feen by the Eye, is immediately
known by this Infirument.

4- The apparent Magnitudes of all Objelts
are bereby eafily g/iimatef and compared ; for as
thefe are always as the Images formed on.the
Micrometer, fo the Lines or Spaces on that
will readily thew the comparative Magnitude
' of them, and confequently of the Objets
i . themfelves in Appearance ; for the Obje&
whofe Image meafures two Lines is apparent~
ly twice as big as onc that meafures in it’s
Image but one Line, and but 3 as big as
another, ‘'whofe Image meafures three Lines.

5. By this Inftrument you alfo may meafure
very nmearly the Diftance of Objelts; thus, fup-
pofe you obferve an Object, whofe Image
meafures two Lines or Intervals, and you go
back till it meafures but one, or forward till it
meafures four, in either Cpfe, th¢ Space or

' .. T Length
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Length you went, is equal to the Diftance of
the Obje& from the Place where you firft ob-
ferved it. '

6. Again, the: Diffances of Objeits being
known, their Heights are meafured pretty exacl-
ly by this Infirument. For the Proportion is
As the focal Diftance of the Eye-Glafs to the
Length of the Image, fo is the Diftance of an
Object toit’s Height ; that is, ig : gh :: iG : GH.

7. This Infirument is very ufeful in drowing
the Out-Lines of any Landfcape or Objelt. you
awould delineate. For by means of a circular
Piece of Glafs, with fmall Squares drawn there-
on, and put inthe Place of the Micrometer
EF, you may reprefent the Object or Picture
in the fame juft and natural Proportion and
Difpofition on any larger Squares, as you fee
in the Image on the fmall ones; fo will the
Perfpetive of the Piece be perfect.

8. This fmall Machine is extremely ufeful for
wiewing perfpective Prints, Views, and Piétures,
&c. For as when you view Nature, it gives
you a beautiful ProjeGtion thereof on the per-
fpective Plane ; fo, on the contrary, when you
view a Print, Pitture, or any Piece in per-
- fpeive, it refolves it all into Nature, and
gives you the fame Ideas of the Pofitions and
Diftances of Obje@s in the Print, as you
would have by viewing the things themfelves
- in Nature. It gives to Pictures fuch a natural
and furprizing Relievo, as make the Life itfelf

be there. If it be a Face, the Cheeks are
- protuberant,
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CHAP XVIL

Of the Magic Lanthorn, and Opera
. Glafs. :

1. HE Magic Lanthorn is an optical
& Machine, faid to be the Invention of
Mr Kircher, in order to magnify fmall
Objects in a dark Room ; and has been fince
vfed rather to furprize and amufe ignorant
Peopte, and for the Sake of Lucre, than for
any other Purpofe, and thence it had it’s com«
mon Name : It has been alfo called Lanterna
Megalograpbica, from it's Pro of magni-
j}'iig 'mall Objeéls. pel‘ty , i
2. The Conftru@ion and Theory of this
Inftrument are very.eafy to be underftood,
and are as follows. In a darkened Room
ABCD, is placed a dark Lanthorn EFGH, -
in the Side of which FH is fixed 2 round
Tube KL NM, within which {lides another -
Tube OP, {o that the whole may be length-
ened or fhortened as Occafion requires. In
the inmoft End of the firft Tube is placed a -
large Plano-convex Lens KL, and towards
the external Part of the other another double
Convex Lens ST. In the firft Tube there is
a Contrivance for paffing through it a fmall
Erame or Plane of Glafs, on which are painted

. divers
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divers fmall Objectsin tranfparent Colours, as at

QR. See Plate XXXIV. Fig. 1. - :

" 3. In this Lanthorn-is a Lamp or Candle I,
which by mreans of the great Convex K L be-
fore, and a large Concave Speculum XY be-

hind, does very ftrongly illuminate the Object

QR. Ifnow the Lens ST be moved a little -

farther from the Obje® QR than is it’s focal
Diftance, it will form a Reprefentation of the

fame at a great Diftance on the oppofite Wall,

in a large Image as V W ; which will be as
much larger than the Obje& QR, as the Di-

~ Rance Z V is greater than ZR. All which is

evident from the Theory of a Convex Lens.

4. As the Tube OP is moved farther out
of, or into the Tube M N, the Image VW
will be fmaller or larger, according to the Di-
ftance of the oppofite Wall. And tho’ thofe
Objects are generally fome humerous, ridicu-
lous, or frightful Figures, to divert or fcare
the Spe@ators; yet, I believe, this Machine
might be applied to more ufeful Purpofes, in

- -magnifying the tranfparent Parts of Animal

and Vegetable Subftances, as Wings of Flies,
Membranes, &c. efpecially if enlightened by
the Sun-Beams in a darkened Chamber, as I
-have many Times experimented.

5. But enough of this Inftrument. That

which I fhall next defcribe is called an Opera -

“Glafs, from it’s.being ufed by Gentlemen in
. Play-houfes, and fometimes a Dragonal Per-
Jpeétive, from it's Conftru&ien, which is as
o ‘ follows
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follows. ABCD is the wooden Tube about
4 Inches long; EF, G H, are two Holes on
each Side, exa@tly againft the middle of IK
a Plane Mirrour, which reflects the Rays fall-
ing upon it to the Convex L M, thro’ which
they are refraGed to the Concave Eye-Glafs
N O, whence they emerge parallel to the Eye
at the Hole rs, in-the End of the Tube.
Fig. 2.

6. Let PaQ_be an Obje&t to be viewed,
from whence proceed the Rays Pe¢, a4, and
QJd, thefe Rays being refleted by the plane
Microur I K, will fhew the Object in the Di-

re&ion cp, ba, dg, in the Image p%; equal -
t

to the Obje@ P Q, and as far behind the Mir-
rour I K, as the Obje& is before it; the faid
Mirrour being placed fo as to make an Angle
of 45 Degrees, or half a Right Angle with
.the Sides of the Tube, all which is evident
from the Theory of a Plain Mirrour, here-
tofore explained. _

.7. Therefore confidering p¢ as an Object,

the Cafe of this perfpe@ive Glafs is reduced -

to that of a common refraéting Telefcope of
Galileo’'s Form, whofe Obje@-Glafs is 'L M,
and Eye-Glas NO. And fince in viewing
Objes near at hand, no magnifying of them
is neceflary, the focal Diftances of both the
Glafles may be nearly equal ; or if that of
" LM be three Inches, and that of N O be
one Inch, the Diftance between them will be
but two Inches, and the Obje& will be mag-
. ~ I

nified’
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nified three times, which is enough to anfwer
the Defign of this Glafs. = | L

- 8. If the Obje& be very ‘near, as XY, it
is .viewed through a Hole xy, at the other
End of the Tube A B, without an Eye-Glafs,
the upper Part of the Mirrour being polifthed
for that Purpofe, as well as the under.” This
‘Tube unfcrews near the Obje&t-Glafs L M,
for taking out and cleanfing the Glaffes and
Mirrour. T prefume enough is faid to ex-

" plain the Nature and Conftry@ion of this

common and well known Inftrument.

9. The peculiar Artifice ‘of: which is, to
view a Perfon at a fmall Diftance’ in fuch a
Manner, that no one fhall know who it is
that is ken’d at, though they know your De-'
fign; and that on a double Account, viz. be-
caufe the Inftrument points towards another

" Quarter than that in which the Perfon is;

and becaufe there being a2 Hole on each Side,
it is impoffible to know on which Hand the

. Object is fituated which you are viewing. .

" . The Pofition of the Objeét will be eret thro’

a Concave Eye-Glafs. And Objeéts fituated
high or low will eafily be found, by turning
the Inftrument round one - Way and the other
about it’s Axis.

FINISE



