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A
NEW and COMPENDIOUS

SYSTEM
OPTICS

In Turee ParTs, vz,

{PART 1. CaTorTrICs, or the Doétrine
of Vifion by Rays refletted from Mirrours, ot
polifhed Surfaces.

PART 1II. DiopTri1cs, or the Theory of
Vifion by Rays refrafted through Lenfes, or tranfparent
Subftances, |

PART III. A Pra&ical Defcription of a great Number
of the moft ufeful Optical Infruments and Machines, and their
Conftruétion fhewn from the Theory ; @iz. The E Y E,
Camera Onscura, fingke and double MicroscoPEs, Re-
JSrafting and Fleflefting TeELEscoPEs, PERSPECTIVE
Grasses, the Macic LantHorN, &¢. The Manner
of adapting MicromETERs to Microscorrs and TeLE-
scopPEs-of the refle€ling Sort.

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

By BENYAMIN MARTIN.

Author of the Philslogical Library of Literary Arts and Sciences;

and A Treatife of Logarithms, Common and Logiflical, in Theory
and Pradiice,

Oculi, pars corporis pretiofiffima, & qui lucis ufu witam diflin-
guant @ morte. P 1L 1. Nat. H:ﬂ Lib. 11. Cap. 37.

Nam fic poffunt figurari perfpicua & fpecula, ut unum appareat
multa ut longiffimé pofita, appareant propinguiffima
ut maxima appareant minima, & alta appareant infima, &
oculia wideantur manififia, 55 flellas faceremus apparere
guo wvellermus, Roa. Bacon. Epift.
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PREFACE

S the Eye among the Organs
A of the Body, fo Optics among
the Sciences, is the moft de-

licate, curious, and ufeful ; as the Parts
and Struture of the Eye furpafs that
of moft other organical Parts, in Point
of Mechanifm and wondrous Contri-
vance, Jo the Principles and Theorems
of Optics are of a peculiar Nature,
wonderful in their harmonious Origin,
and exprefs a whole Science in a Line.
Lafly, As the Eye is that Organ by
which
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which we have all our Ideas of the
Moagnitude, Order, Number, Difpo-
Jition, Coloursy, &c. of Things about
us 3 fo Optics #s that Science which a-
lone accounts for the Realon and Man-
ner of fuch Senfations : And a Man
not verfed in the Vifual Science, .can
no more properly be faid to {ee Things
rationally, zhan -a Ruadruped; and
bas little better WNotions of apparent
Magnitudes and Diftances of Things,
than a blind Man bas of Colours.

THUS Optics is in itfolf of the
laft Importance, and to be well under-
Sood 1o diferiminate the Man from the
Brute, in Regard of the noble Senfe
of Seeing. But this is not all 5 it is
alfo the Ground-Work, o» Fundamen-
tal Science, 20 many others, as Per{pec-
tive, Painting, ArchiteGure;, Aftrono-

my,



The PREFACE. xi

my, Dialling, Surveying, &¢. How
lame and imperfelt muft any of thofe
Arts and Artifts be, were they not af-
Sfifted and fuccoured by the Principles
and Rules of this noble Science 2. -

AGAIN, If we regard Curiofi-
- ty, what Science can compare with
Optics, iz the whole Encyclopedia 2
What Gratifications of Senfe fa exqui-
fte as thofe of Sight? By Optics zhe
Heavens have been revealed to us; the
Spots and Fecule on the Face of the
Sun, the Horns and waining Phafes of
Venus, the Mountains and Vales in
the Moon, the Satellites and Belts of
Jupiter, awud Satarn with bis wondrous
Ring 5 befides innumerable Stars not
otherwife to be feen but by the Tele-
Jeope ! What Pleafure, yea, bhow ufe-
ful is ity to have Objelts thirty or forty

Miles
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Miles off, brought within the Diftance
of one Mile, or balf a Mile ?- Vet this
the Telelcope effetts. Again, What
Difcoveries have been made in the
World of Miniature, where Objes fo
very [mall as otherwife muft ever bave
been unfeen and unknown by us, are
made confpicuous, and rendered vifible
in their minuter Parts @ Who could
" ever- bhave thought of the Animalcule
in Water, inSemine, &c. The Eels
in Vinegar and Water 5 the Pores and
Air-Veffels in Wood 5 the pearly Drops
| on Leaves of warious Plants 5 the ve-
fevlar Subffance of Beans, Peafe, and
all Kind of Pulfe 5 the curious Forms,
the particular Structure of Parts, and
the rich Colours that adorn moff of the
invifible Tribes of Animals! Yer all
thisy, and ten thoufand times more, is
performable by the Microfcope 5 an In-
Srrument
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Srrument which no reafonable Man
fhould want, inafmuch as it ferves bim
inflead of Microfcopic Eyes. A5 7o
the Benefit thofe receive from this
Science, whofe Eyes require the Aid of

« Spelacles, 2 is fo great and fo gene-
raly that it would be meer Iinpertinence
20, pretend to expatiate wpon it; and
many other invaluable Bleffings refult
from this Art of improving Sight,
“wbhich the Experience of Mankind has

long fince evinced, we can’t be without,
and not be miferable.

YET notwithflanding what bas been

- Jaid of the exceeding Ulefulnefs of this
Science, I am too well convinced but
very few underftand any Thing of ir.
If you afk why they do nor fludy Op-
tics, zhey re-interrogate, what Books
Shorld we read 2 If you refer them to

| My
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Myr Molyneaux, that is too large, and
200 1uch perplex’d with algebraical So-
Jutions, and is therefore only fit for
Scholars.  If you recommend Dr Gre-
gory’s Elements, the Geometrical De-
monflrations of every Propofition deter
the Reader, and Mr Browne's Supple-
sment thereto involves him in a Laby-
rinth of analytical Invefligations and
Solutions, with little Order and Per-
Spicuity, and great want of Schemes.
If, laflly, you advife them to read
D7 Smith’s Treatife of Optics, zhey tell
you it is too expenfrve, and fo volumi-
nous, that they cannot pretend to have
Time for reading fo much wupon the
Subject, befides that by far the greatef?
is above their Underflanding.  Thefe,
and fuch like, are the Objections to the
Books extant, and therefore it was
judged neceffary to draw up a new

Syftem
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Syftem of Optics, which might, if
poffible, obviate thofe Objections, and
remove the Difficulties that bave hi-
therto difcouraged Pﬁ?ﬁfﬂf’ from the
Study of fo excellent a Science.

IN Order to this I judged it necef~
fary to difpatch the Theory in as fhort,
yet plain a Manner as poffible 5 this in
Catoptrics I have done from the ad-
mirable wimiverfal Theorem, invented
by the late Mr Humphrey Ditton ;
~and in Dioptrics I was fupplied with
that wondrous T heorem, which exprefes
the whole Science in half a Line, and
is one of the many noble Inventions of

the juftly renowned Dr Halley. Thefe

swo general T heorems I bave explained

and branched out into all the particu-

lar Cafes that can arife from different

Rays, Mirrours, and Lenfes, Diffances, . -
and
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 and Pqﬁnﬁm of QObjetts 5 and after
| that, left any [hould not underfland the
Theory in Species, I have carefully ex-
plained, or rather expreffed, each Theo-
remn (in Catoptrics and Dioptrics) iz
Words at Length, and fo reduced them
to Rules, by which any Cafe may be
Jolved truly, by thofe who know nothing
of Algebra or Geometry. 1 have alfo
given Examples (to every Cafe that re-
quired if) in Numbers, and illuftrated
them by Schemes and Figures of Rays, -
Mirrours, and Lenfes, as large as the
Life, which bas never been done before
~ that I know of.

AFTER the Theory, in the Third
Part, you bave an Account of all the
ufeful Optical Infruments and Ma-
chines, whofe Nature and Confruitjon,

are fully ekplained from the Theory ;
and
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and their Ules exemplified by divers
and familiar Examples. In  [bort,
whatever I judged curious, new, and
worth the Reader’'s Notice, I have in-
Jerted it all along ; but fudionfly a-
woided all nugatory Remarks, and the
Minutie of the Art, on one Hand s
and all offentations Subtiltigf, and wufe-
lefs Dg@zag’/fréém;a that may puzle but
not profit the Reader. My fole Defign
being to render the Study of this Science
as eafy, delightful, and as general, as
poffible 5 to effelt which, I have done
all that is is in my Power 5 and I can
neither do nor fay any more.

b 1T HE
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ol » S ety L
"DEFINITIONS

I PTICS is a Science which
teaches the Nature, “Properties,
: and Laws of Vifion, arifing from

the Rays of Light, either re-
flected from the Surfaces of Bodies, or 7e-
Jraéled in pafling thro' them, and painting
the Images of Objects on the Retina on the
Bottom of the Eye. Alfo this Science, in it’s

moft extenfive Acceptation, camprehends the ,(f}

whole Doétrine of Light and Colours, and all
the Phenomena or Appearances of wifible Ob-
gects.  Optics, therefore, confifteth of three
Parts, viz. Catoptrics, Dioptrics, and Chro-
 matics.

II. CaTorTRrics is that Part which treats
of Rfﬂek Vifion, or all that relates to the view-

ing of Objets by Light refleéfed from the Sur-~ .

faces of Bodies, whether plain, convex, con-
cave, or otherwife; and in Rays diverging,
converging, or parallel to each other,

A III. Dior-
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III. DiopTRrICS treats of the Properties of
Light and Vifion, arifing from Rays pafling
thro’ tranfparent Media or Bodies, as Air,
Water, Glafs, Cryflal, Diamond, &c.

IV. CuromaTiIcs treats of the Colours
of Light and natural Bodies. Of this Part
Sir Ifaac Newton’s Optics does almoft entirely
confift.

V. LiguT is that Property of fome Bo-
dies by which Objeéts are rendered vifible, or
capable of being feen by the Eye. It confifts
of very fmall Particles which iflue from the
luminous 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.

VI1I. The RapianT is that Body or Ob-
je¢t which emits, or from which proceed, the
Rays of Light under Confideration at any
Time.

-~ VIII. The Species of an Object 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. Pararrer Rays, are fuch as proceed
equally diftant from each other thro’ all their
Courfe ; as thofe from the Sz, and other vaft-
ly diftant Objects. See IFig. 1. Plate I,

X. ConveraING 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 Object A B to
the Point F, are faid to converge towards that
Point. Fig. 2.

XI. DivercIiNG Rays are thofe, wihich,
proceeding from any Point, as A, do contis
nually recede from each other as they pafs
along in their Courfe towards B C. 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

XTII. 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. :
¢ A2 XIV. Re-
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XIV. RerrLecTIoN of Rays is their Re-

grgﬁ or Returning from the Surface of fuch
Bodics on which they fall, and cannot pene-
trate or enter. Thus the Ray BC falling on

the Surface A D, is refleCted or turned back

or up again in the Dire¢tion CE. )¢ 4~

- XV, The Prang of Refleflion is that in
which the refleCting Point, or Surface, is fitu-
ated, as A D in Fig. 5. and ¢ in Fig. 6 and 7.

XVI. MirrouRs or Specufagi are thofe
Bodies whofe Surfaces are fo very {fmooth, and
finesPolith’d, as to be impervious to the Rays
~of Light which fall on them, and which

therefore they reflect fo entirely, as to repre-

fent the Jmages of Objeéls 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.

XVII. Poain MirrouRs are thofe whofe
Surfaces are perfet Planes, and whofe Se&ion
is a ffrait Line, as AD, Fig. 5. Note, thefe
are vulgarly called Looking-Glajfes.

XVIII. Convex Mirrours 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, cither Gircular, Elliptical,

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

XIX. Concave MirRroURS are thofe
whofe Surfaces fink down with an uniform
Hollownefs'or Curvity, below the upper Parts
A D, and whofe Seétion alfo 1s a Curve, as
various as the Convex above; but AD in
Fig. 7. is circular, and it’s Surface the inter-

nal Part of an ollw Spbere, as being moft in
Ufe.

XX. The IncipENT Ray is that which
comes from any Object, and falls on the re-
flecting Surface as BC; and CE is the reflelted
Ray.

XXI. The AvcLE of INcipENCE Is that
which is contained between the incident Ray
B C, and a perpendicular to the rﬁﬂe&mg Sur-
face in the Point of Refle&ion F C, viz. the
Angle BCF. Flg 4, R,

 XXII. The Ancir of REFLECTION i
that contained between the faid perpendicular
FC, and the refleCted Ray CE; wrz. the
-AngleFCE Pigh#£:16, 21

XXIII. RerracTIioN of Rays is their be-
mg bent or turned out of their firft Cour{e
A3 in
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in pafling 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 paffing fhrait
forwards in it's firft Dire@ion to K, it will be
bent therefrom, and made to defcribe the
Tratt CE, which is called the refraéted Ray.
Let FG be drawn perpendicular to the Sur-

face of the Medium in C, then it is plain

the Ray BC, in pafling out of a rarer Me-
dium (viz. of Air) into a denfer Medium,
(viz. of Water) is refracted into a Ray CE,
which is nearer to the perpendicular CG,
than the incident Ray; and, on the contrary,
the Ray EC paffing out of a denfér into a
rarer Medium, will be refracted into CB,
wh:ch is farther from the perpendicular.

X X1V, The AncrLe BCF is thc Angle of
Incidence, as before; and ECG is the Angle
of Refraélion, as being contained between
the refracted Ray CE, and the perpendicu-
far- C (7,

' XXV. A Lexs is a Medium, generally of
Glafs, of a proper Form to colleé? or difperfe
the Rays of Light which pafs through it.
Of thele there be various Forms, and which,
from thence, receive divers Names. As

XXVI. A
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- XXVI. A Pravno-Convex, which hath
| one Side plain, the other Spherical or Convex ;

as (Fig. 9.) A.

XXVII. A Prano-CoNcAVE, plaiz on
one Side, and concave on the other ; as B,

Fig. 9.

XXVIII. A DousrLe-ConvEX, 1s one Con-
vex on both Sides; as C, Fig. g. |

XXIX. A DousLe-CoNCAVE, is one Caﬂ-
¢cave on both Sides; as D, Fig. g.

XXX. AMen1scus, 1s one Convex on.
» one Side, and Caﬁmw on the other; as E,

~ Fig. g.

XXXI. The VErRTEX of a MIRROUR or
Lens, as A B, is the middle Point V, every
Way equally diftant from it’s Bafe. Fig. 10.

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

XXXIII. The VisuaL or Optic Angle,
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

A 4 1$

ey
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is the Optic Angle, or that under which the

Obje AB or CD appears to the E }re at E.

Fig. 11

XXXIV. A Pencit of Rays is a doub!c.

Cone of Rays, as LONF L, joined together
at the Bafe in the Lens L N ; of which one
Cone L ON has it’s Vertex in fome Point of
an Object, as at O; and the other Cone LF N
has it’s Vertex in the Point of Convergence,
ot Focus ¥, Fig. 12. 'The middle Line OF
15 called the Axis of that Pencil.
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The Principles of CaTorTRICS and
DiorTRICS.

HAT I fhall here propofe and lay

down as the Principles of Optics, are
thofe things on which the following New
Theory, b{)th of Catoptrics and Digptrics, does
ch:eﬂy depend; and which are in themfelves
very evident, or have been demonfirated by
Mathemaumanﬁ or confirm’d by Experiments ;
or laftly, are fuch as tho’ not ji‘rfﬂ{y or geome-
trically true, may neverthelefs be affumed as
Juch, without any fenfible Error.

PrinciPLE I.

In very finall Angles BCE, the Sine of the
Angle AD, the Af*ﬂ’? 15, am’ the Tangent

E B are very nearly Egam’ fo each m‘ber
Plate 2. Fig, 1.

For fuppofe the Radius CB divided into
100000 equal 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 a Degree,  Or if the Arch bc?f

0
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of one Degree, it’s Length will be-17455,

that of the Sine 1745, and that of the Tan-
gent 174575, of fuch Parts. The Difference
being fo extremely fmall, the Propofition is

evident.

Principre IL

In every Triangle, the Sides are proportional
to the Sines of their oppofite Angles.

This is demonftrated by all the Writers of
Trigonometry. And therefore, when thefe An-
gles are very {mall, they have the fame Propor-
tion with their oppofite Sides, by Princip. I.

PrinciprLge III

In every Plain Triangle BCD, (Fig. 2.) if
the Side CB be produced, the outer Angle ABD
Jball 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 Circle de-
fcribed with the Radius CB; and EB an
Arch defcribed with the Radius D B, let CD
join the Centers C and D, and draw DE;
this {hall interfe& the Arches in G and E, and
GE will be the Difference between D E and
DB. Now it is evident the greater D C is,
the lefs will be G E; the Angle BDE remain-

g
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ing the fame 5 alfo the nearer the Point E is to
B, the lefs is the Difference G E; and there-
Jore, when E is very near to B, the faid Diffe-
rence will be very fmall, and inconfiderable; and
confequently, the Lines DB and DE may, in
Jfuch a Cafe, be affumed equal to each other.

PrincirrLE V.

The incident and refleéted Ray are both in
the fame Plane,

Principre VI

The Angle of Incidence BCF is ever equal
to the Angle of Reflection F CE. (Plate 1. Fig, 5.)

This is evident from Experiment, See the
Philof. Grammar, Book 1. Chap. VI, Note *,
and is demonftrated by Dr Gregory in his
Elem. of Catop. Prop. 1.

PriNciPLE VH.

The incident and refraéted Ray are both ir
the fame Plane. |

Principre VIIIL

' Refraction out of a rarer Medium into a
. denfér, is made towards the perpendicular 5 and
vice verfa into a rarer Medium. See Defin.23.

PrincIPLE



X
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| Princirpre IX.

The Sine AD of the Angle of Incidence:
BCF, is either accurately or wery nearly in:
a given or conflant Ratio, or Proportion to

the Sine HR of the Angle of Refraction E CG.,
Fig. 4.

This Ratio of the Sines, when the Refrac--
tion is made out of Air into Water, is as
4to 3; thatis, AD: HR:: 4: 3, in Water..

When the Refra&ion i1s out of Air into:
Glafs, the Proportian is as about 177 to 11, or’
more nearly, as 31 to 20, or as 77 to 503
but for common Ufe, as 3 to 2; that is,
AD:HR::2:2, ia Giaﬁs. _

If the Rﬂfraé’tian be out of Air into Dia--
mond, it sas 5to2; and AD:HR:: 5:
For the: denfer the Medium is, the lefs will bC:
the Angle and Sine of Refraétmn

PRINCIPLE X.

Wherever the Rays of Light, which come
Jrom all the Puints ﬁf any Objecl, meet again
in [0 many Points after they bave been made to
converge by Reflection or Refraétion, there they
will ma;,éf a Picture of the Object ﬂpcm any
white Body on which rbey faif

It
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It was neceffary to premife this as a Prin-

gﬂe of Optics, tho' the Grounds and Truth
of it cannot, till after a fcw Pages, be made
to appear.

PrinecipLE XI.

An Oé;fo? Jeen by refleéted or refraied Rcz s
appears in that Place, from whence, jﬁ'fr l‘frfzr
 laft Refleition or Refrallion, they diverge in
fm’!mg on the Spectator's Ene. '

PrincrrprLe XIIL

The apparent Magnitude gf' an Oé;f&‘ 15 de=
termined or eftimated by the Magnitude of the
Optic Angle which it fubtends, or under which
it appears at the Eye of a Speilator.

~ Thus (in Fig. 11. Plate I.) the Magnitude
of the Obje¢t AB is eftimated or meafured
by the Quantity of the Angle AEB; {ois alfo
the Object CD; but CD 1is 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 zrue or real
Magnitudes may be unequal in any given Pro-
portion,

CHAA T
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The Theory of CAaTOPTRICS,

Convex Speculum Mirrour 3 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 refle¢ted into the Direction A f, tem:img
a Point F, it’s virtual Focus, in the Axis of
the S;wmfum behind the Vertex E. Fig. s.

g. Tt DE —ds CA=CE =¢:": 1
=z;and FE = f = »—z; and confequent-
I ==,

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=AEFE, and DA may be efteemed equal to
DE; by Prmmp 4. Therefore it will be
ADC: ACD CE: DEs s 22

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

and

LE T GE reprefent a Portion of a
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and IAf = CATF, as being Angles at the
Vertex of two interfeGting Lines, by Euclid,
Book I. Prop. XV. Therefore /AC=CAF.
Smain, JAC=ADC-H ACD=r-4, by
Princip. 3. and confequently the Angle CAF
=r—+d - -

5._iI—n the Triangle CFA (the Point A be-
ing very near E) the Angles at A and C will be
very {mall, and will have the fame Propor-
tion as their oppofite Sides F Cand FA, by
Princip. 1, and 2 ; thatis, the Angle FAC:
FCA::FC:FA: Butin this Cafe FA may
be efteemed equal to F E, by Princip. 4, and
Slicrefore the Angle FAC:FCA::iECs
o DR R

6. But the Angle at C is as DA or DE,
that is, as 4, by the 3d Step of this Theory ;
and the Angle FA C as r—-d, by the 4th
Step. Therefore f: 2::d:d-}r. And by
Compofition of Ratio’s, f~ = : f::2d-+} 7
34 ; but f~~ = = r, by Step 2. hereof’; and
therefore 7 : /1 : 2 d—-r: d; then multiplying
the Extremes and Means together, we have
dr = 2df-fr; dividing this Equation by

- L d r
2 d~-r, there refults this Equation b

. §F L
= f/=FEF.

7. Therefore in any Speculum, when r, or the
Radius of it’s Curvity, and 4, or the Diftance
of any Object in the Axis thereof, are known,
then /, or the Diftance of the Focus F from

| the

B R
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Vertex E, will alfo be known, or given, for
all Rays proceeding from the Point D, and

falling on the Mirrour A E on either Side the

Axis,

8. This Theorem is applicable to the Cafes
of all Kind of Rays, refleéted from all Sorts of
Mirrours, whether Convex, Concave, or Plain;
and is therefore the primary and fundamental
Theorem of Catoptrics; from which 1 fhall
now deduce fuch particular Theorems as are
fubfervient to the Solution of all the different
Cafes that may arife from the threefold Variety
of Mirrours and Rays incident upon them.
And firft for

CoNvEx MIRROURS.

g. Case I. Of DivercING 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 firt Theorem, wiz.

dr
fiokag, . Theorem 1.

2d4r 7

| dr y ;-
10. If d= r, we have o — =
: : 2d-t+r r 3
B 1A Theot! £
% L dr 1rp Oy
_:F,tﬂﬂ‘2d+ru 2?‘#4--_'}{'
Theor. 3. '
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0! d?" . '3:?'?‘ -
it 4 =3 ,th - Shie S ey 00
t 7, then R R |

= /. Theor. 4.
dr Ly p

Ifdr-_—i 3 h — e T s
i s S g e i
&= f. Theor. .

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.

11. Case II. Of PArRArLEL 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 come from it to
the Mirrour, will be parallel to the Axis DC,
or very nearly fo; as is reprefented Fig. 6.
In this Cafe, therefore, 4 or DA being infi-
nite, the Quantity » as being finize, will vanith
out of the Equation: For no infinite Quantity ,
can be made greater or lefs, by the Addition
or Subftraction of any finite Quantity how
great foever. Confequently the Equation

dr dr r
= — = — =f. Theor. 6.

2d+r 2d 2

12. Case HI. Of Convercing Rays.
As in Dijverging Rays the Radiant D was al-
ways pofited in the Axis of the Speculum, di-

jrectly before it's Vertex E, fo in Converging
_,1'{ B Rays,

| oA
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Rays, the incident Ray D A will tend towards |
a Point on the Axis behind, or on the other
Side 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 afirmative Sign, viz. —-d; fo
in this prefent Cafe, E4 being on the con=
trary Part will bave a contrary, that is, a ze-
gatrve Sign, thus — d; {o that the fundamen-
tal Theorem for Converging Rays will ftand

" —dr
thus — P i /s

13. In this Theorem, the Dividend being
a negative Quantity, w2. — dr; and the
Divifor — 2 d -, confifting of a negative
Part — 2 4, and an affirmative one - r; it is
evident, when the negative Part exceeds the
affirmative, the Quotient f will be affected
with an affirmative Sign, wviz. ~- f, as before 3
but if — 2 4 be lefs than -~ », the Quotient
will be negative, wvzz. — f; that is, the inci-
dent Ray D A will be fo reflected as to con-
verge towards a Point f, in the Axis before
the Mirrour, as it did to a Point F, behind
it in the other Cafes,

14. This being premis'd, it is plain the
Theorem for Converging Rays will admit of
four confiderable Varieties, vrz.

—dr
;-zd—.[_—rz*_l—ﬂ

If 2d exceed r, then

Theoy. 7. Fig. 7. E
I
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—d —rr

» If 4 = r, then = =
5 ten-——za’—]—r —2r—r
o "‘": = r = -- £ Theor. 8. Fig. 8.
If 2 d 0 —dr — Ly
2d = r, then = —
" —2d-r 0

& o £, Theor. g. Fig. g.

—dr
If 24 be lefs th 3 e e
2 e lels anr,-—za’»[-r f

Theor. 10. Fig. 10.

—=f ; Affirmative
Note,{o::r i }ﬁg:rllﬁts{hiﬁnite Focus.
Negative

ConcAvE MIRROURS.

15. As in Convex Mirrours the Radius CE
lay on the Right Hand of the Vertex E, and
had an afirmative Sign, as - r; fo in Con-
cave Mirrours, the Radius CE lying on the
other Side the Vertex E, or to the Lef?, muft
have a negative Sign of Courfe, or be repre-
fented by — 7 ; and therefore the fundamen-
tal Theorem for Concave Mirrours will become

— 7
_'ﬁd-—r

=¥,

B 2 16, CAsE
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16. CAase I. Of DivErRGcING RaAvs.
The Theorem is as above, and hath alfo four
Varieties, viz.

—dr

If 24 be lefs than », then — = i
2d—r

Theor. 11. Fig 171.

—dr —irr

It'2d =17, then = = oo J3
2d—r 0
‘Theor. 12. Fig. 12.
e i
If d = 7, then LSS E R IR

2d—r 2r—r

=== £ % "Theor. T} Flate Il Fig: 1.
—dr
- f

2d——r

If 24 exceed r, then
Theor. 14. Fig. 2.

i Case Il. Of PArRALLEL RAvs]
In this Cafe, D A or 4 being infinite, the fi-
nite Qy_:;ntlty r will vanith where it is found

—d
by it felf; and the Theorem d will
2d—r
b —dr —r £ Th
ecome = — = —f . 18
=3 - €or, 15

Fig. 3.

18. Case III. Of ConvERGING RAYsS.

Here again the incident Ray DA will have
| the
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the Point of Convergence 4 on the other Side
‘of the Speculum ; and the Diftance Ed or 4
muft therefore have a negative Sign, or be — d;
in this Cafe then, 7 and 4 being both negative,

—dr Q1 dr
ill become
zd—rw % —2d—r

&= f. Theor, 16. And fince the Divifor
— 2d—r 1s wholly negative, the Quotient
or Focus for Ef, will likewife be always #7e-
ative, or before the Mirrour G E.

the Theorem

d
19. 1t d =7, then At B
—2d=—r —3r
2
-—3:-—-—f. Theor. 17.
d :
iid— 4§ r. then > T Sl
—2d——r —a2r
-r—:—j: Theor. 18.
—4
. .
3 d—1: r 'then u IR i
—2d—r —}r—r
é_—_:_.:_..ﬁ Theor. 19,
TR

dr Ly
it d— 1r, then = —
—2d—r ir—r

i

_"'_,6 = —f. 'Theor. 2o0.

B 3 PrLAIN
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PrLraiNn MIRROURS.

20. In Regard of Plain Mirrours, or Look-
ing-Glafles, the Radius CE =~ is znfinite ;
for we may confider a fmall Arch of Circle de-
fcribed with a wafily great or infinite Radius,
as a Plane; and therefore the finite Quantity

d
2 d vanifhing, the Theorem T becomes

2!’3"!“?"
dr

21. CAsg 1. Of DiveErciNG RAays,

d
'The Theorem 1is picNet d =z f.  'Theor g1}

r
Fig.-r.,

22. Case II. Of Paparsizr R avsl
In this Cafc both 4 and r are infinite, and
therefore the fundamental Equation becomes

- L L dr
infinite in every Part; and — =d = f infi-
r

nite, Theor. 22. Fig, 6.

. Case III. Of ConvErGING RaAvys.
H:.rr: d or Ed being the Negative, the E=

‘ —dr
quation is ~—— = —d = = f. Theor. 23,

%
Fig. 7+ <
24. We
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24. We have hitherto made Ufe of the fuzn-
\ damental Equation for finding the Focus of all
Sorts of Rays, incident on any Kind of Mir-
rours: But fometimes the Focus is given, and
| either the Diftance of the Obje¢t DE, or
the Radius of Convexity or Concavity of the
Mirrour CE is required for fome particular
Purpofes ; and for either Cafe the faid Equa-
tion dr = 2df-}fr (in Step. 6.) is fuf-
ficient, |
25. For fuppofe the Radius CE = 7, and
the Focus EF = f, were given to find the
Diftance ED =—=4d; we have from the faid
Equation d r — 2d f = r f, and therefore

rf
r—2f
Four.

26. For a Concave Mirrour, the Radius be-
ing Negative, or — r, the Equation will be

2df--dr=fr; and fo it will be —/—

gl -r
& 4, Theor. 2%.
. 27. In the two laft Theorems, the Focus
- 1s fuppofed to be Affirmative, or behind, the
- Mirrour ; but if we fuppofe it Negative, or
on the fame Side with the Radiant D, the
Equation, for a Convex, will be dr-2df=

— fr, and _:l{: = 4. Theor. 2.
r

= d, Theor. 24, for a Convex Mir-

B 4 28, For
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28. For a Concave, the Equation will be
2df—dr=fr; (for here both f and. r

ey

2f—r
dRcor, 27,

29. If the Diftance of an Obje& ED = 4,
and the Focus E = f be given to find the
Radius of the Convexity or Concavity EC =r;
the original Equation dr =24/ -1-rf will
be for this Cafe dr —rf =2 df; and fo we

2.4f — 7. Theor. 28.

are Negative) therefore we have

have for a Convex

30. For the Radius of a Concave Mirrour,
the Equation will be f»r—dr—=24df; and

d
fnzf

=7y L HCOL. 28,

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 |
1 f —F SN ST

e

32. And for a Concave, the Equation will

be —dr—fr—=-—24df; and a2 s ==
—df

Theor, 31.

C H AR
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The Theory of CaTOPTRICS comti-
tinued, for determining the mutual
Proportion of the Obje& and if's

Image.

I, T 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 Object, and 1M 1t’s Image; it
is required to find the Proportion between the
Obje& and Image, or the Lines OB and 1 M.

2. From the Center C let fall on the Ra-
diant or Object, 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 {hall be the Axis
in which will be the Focus’s of Rays proceed-
ing from the Pouits O and B.

3. From O let a Ray O V pafs to the Ver-
tex of the Mirrour, and make the Angle
FVA= OVA, then fhall VF be the re-
flected Ray, by Princip. 6. which tending to
‘the Point I, in the Axis CO, fhall there re-
prefent the Image of the Point O of the Ra-
diant, by Princip. 10 and 11. Accordingly
the Ray BV will be refleGed into VG, which

interfecting
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interfecing 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 Object will be repre-
fented between the Points 1 and M ; and
therefore IM will be the Image of the Ra-
diant or Object O B.

4. If we fuppofe the Radiant O B very
fmall, or at a great Diftance, the Arch or
Portion of the Mirrour ED will alfo be very
fmall, and not fenfibly different from a right
Line, and confequently will be parallel to the
Radiant™ B O, for CA ‘is perpendicular to both
BOand ED. Alfo fince the Diftances O D,
AV, and BE, are very necarly equal, as be-
ing very near each other, it is plain their
focal Diftances DI, Vg, and EM, will alfo
be ncarly equal ; and therefore the Image 1M
qwill be very nearly a Right Line, and parallel
to the Radiant O B; and alfo perpendicular
to CA.

gl The ‘Apple OVA —"AVE'= a¥ il
and the Angle BVA = AVG = 2VM, from
- the Nature of Refle&tion, Princip. 6: there-
fore OVA +BVA = aVI—aVM; that
is, the Angle OV B = 1V M; that is, The
Radiant BO and it's Image 1M are feen from
the Vertex of the Spemf;m V' under equal
Angles,

6. The Triangles AVO and 2V I are equi-
angular and fimilar, for the Angle OV A =
#él, and the Angles at A and 4, are right

ones ;
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ones ; confequently VA : Vg:: AO : ¢l
For the fame Reafon VA:Vg::AB:aM;
.therefore VA:Va:: OA-+~AB: 1z aM
:: OB : IM; that is, The Diftance of the Ob-
jett is to the Diflance of it's Image, from the
Vertex V, as the Length of the QObjeét to the
Length of the Image. |

7. Moreover, fince OA:1z2:: AB:2M,
or OA tTa::AV:Va::s AB:aMy
therefore OA: AB:1g:a2M; thatis, The
Radiant OB and if's Image 1M, are cut in
the fame Proportion by a Right Line CA,
drawn from the Center perpendicular to each.

8. From what has been premifed, it is eafy
to raife a Theorem, to fhew at what Diftance
any Objelt ought to be placed to bear any given
Proportion to it's Image. Let the Object be O,
| it’s Image J, and the given Proportion be as
Bl 15 then 'O ;' 1:: 45/, (by the Sixth of

1d
this) and thercfore i f. But the funda-

dr

mental Theorem for the Focus is ,
2 d —+ 7
14 dr

O_zd—i—r' R
2ddl --1dr =drO0, thatis, 2d 1+ Ir
—7r0; and 241 = O r —1Ir; and confe-

quently for Convex Mirrours, the Theorem

will be 0’";1’“.._4:;’. Theor. 1.

2

= f; confequently

9. In

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

Ir—O |
Ir—O~r and fo rzl L == d. *Thedr, 2:

10. For a Plain Mirrour, or Looking-
Glafs, where 7 is infinite, the finite Part of
the Equation 2 &I, will vanifh, or be O; and
then Or—1r =0, and Or =17, thatis,
Os—1... Theor. 3;

11. If the Focus be required negative, or
on the fame Side of the Glafs with the Ob-
ject ; the Equation will be for a Convex, (f be-

ing negative) 2dl = — O r — 17, and
L]
ol ol | 4.
21

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

Or—1
21d= Or-1r, and therefore e

21
=k Theor. ¢.

13. We have hitherto confidered the Ob-
je&t and it’s Image as Right Lines, which
have a_fimple Proportion to each other; but if
the Obyelt 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 be O : I : 4%: f*; and hence W z—-—f

=dr
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d
A ?: ; and fquaring each Side, we have
P 2d--r
| WL dz rz
; y 4?‘ sand I x2d—+7r*=0xr2,
o 51 ol

and therefore 2 d--r* = ? x r*, and put-

ing% = p, and extralting the fqﬁare Root

we have 2d - =  pr* ; and confequent-

B d = i S ’. Theor. 6.
-
14. For a Concave Mirrour, where 7 is
negative, d = Y2 T Theor, 7

2

15. In the fame Manner, if the Object
and Image are So/zds, and confequently their
Proportion t7iplicate, viz. O:1::4d3%:f3; it
18 fthewn, that, for Convex Mirrours, d —

A
¥ pr3i—r, 'Theor 8.

2
16. Alfo, for Concave Mirrours, where it

3 ¥
1§ = 7, we have d =+ — pr3—4-r, Theor. zo.
2
17. If the Diftance 4, and the Proportion
of the Obje@ and Image O and I, be given
the Radius » of the Convexity or Concavity

of the Mirrour, for that Proportion is to b;
ha

i
H!. Iii' L
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had from the fame Equation, viz. O r =214
21d

=7.

—+Ir:for Or~Ir=214d,and

Theor. 10.
~ 18. For the Radius of a Concave Speculum,

21d
I—O

the Equation is I — O 7» =214, and

3 ), - Théor: 31.
19. If the Focus be required negative, or
before the Mirrour, the Equation for a Con~ |
vex willbe O #» -~ 17 =— 21d; and there-

—21d

fore ——— = r. Theot. 12.

—

i
20. And for a Concave, the Equation is

I1d
lD:r—i—I;r':.:ztI.a',ancl02

= r, hear, 17

21. Again, from the Equation Or =214
~- I », when the Diftance)of the Object 4,
and the Radius of the Mirrour » are known,
the Proportion between the Object and Image,
viz, O :1is alfo known; for, in Cafe otga
Convex, O:1::2d-+r:r. Theor. 14.

22. And for a Concave, the Equation being
Or—21d=0r,wehave O:1::r—24:r,

Fheor. ‘135,
23. If the Focus be negative, or — f, the
Equation for a Convex wilbeOr =— 214

—Ir; and fo, O :1:: —=2d—r7r: 1
Theor, 16.

24. For
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24. For a Concave Speculum, the Equation
being Or =—=21d—1r, we have O : I::
2d—r:r. Theor 17.

25. Thefe are the principal Theorems in
the Theory of Catoptrics, and moft of them
very curious, and of great Ufe. I fhall con-
clude this Theory with a very notable Obfer-
vation, viz. That the mufical or barmonical Pro-
portion is the Grounds of this whole Theory: or,
that the Center C, the Focus ¥, the Vertex of
\the Mirrour V, and the Radiant D, are bhar-
\ monical Points, by which the Axis or Line CD,
\ 2s barmonically dividedin the Points D,E, F,C;
!ﬁrbafDC:DE::FC:FE.

26, For if we take it for granted, we fhall
have the following Analogy, DC(d47):
DE()::FC(r—f): FE (f); and there-
fore df +rf=dr—df,and fo 2df-+rf
I=4dr; and 2;:_ = f, which is the fame

r
as the firft fundamental Theory, Chap. III.
Art. 6, and this holds equally in Concave as in
Convex Mirrours. This admirable Property
of Mirrours in refleting the Light, was firft
publithed by Mr Ditton, in N°. 295, of the
Philyf. Tranfactions. |

sp—

CHAP
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C H:A Pi V.

The foregoing Theory of CaAToPTRICS
explained and illuftrated, by familiar:
Rules and Examples.

SHALL here explain and illuftrate:

the foregoing Theorems in Words at:
Length, and give an Example, in all the prin-
cipal ones, in Numbers, thewing the Diftance |
of the Focal Point, real or virtual, of all Sorts;
of Rays, refle¢ted from all Sorts of Mirrours.

2, I fhall likewife thew how every thing
happens, by Schemes, as large as the Life;,
and therefore, in Plate IV, I have given three:
Schemes of Rays falling on a Convex Mir-:
rour, where you are to obferve, that A B is the:
Mirrour ; CE the Radius thereof 1% Inch;
E the Vertex or middle Point thereof; D the
radiant Point; and F the Focus to which the
Rays tend after Reflexion,

3. Note, the black Lines in théfe Schemes |
denote the Rays of the Sun’s Light, as they"
are {een to go to and from the Mirrour in 2
darkened Chamber ; and the dotted Lines de-
note only the Courfe or Tendency of the re-
flected Rays, were they not intercepted by the

Mirrour.
4. In
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- 4. In the following Examples, I fhall fup-
‘pofe an Inch divided into Ten equal Parts,
'which Parts are exprefled by the Numbers I
fhall there ufe, every 10 of which will there-
fore exprefs the Length of an Inch, and the
Remainders will be the zenth Parts of an Inch,

For ConvEx Mirrours. Plate IV,

5. Case I. For Diverging Rays, Scheme 1.
Let there be given DE, the Diftance of the
tradiant Point from the Mirrour, and CE, the
Radius of Convexity, to determine the Di-
ftance of the Focus F E.

R UL E,

~ Multiply the Diftance and Radius together,
ivide that Produc by the Sum of the Radius
dded to twice the Diftance, the Quotient
ill be the Diftance of the Focus required.
per Theor. 1. Chap, III.)

=

EXAMPLE.
t .t {CE:—::;, and CE = 15

PR =0, 2DE = 6o
Produce 450 ; Sum 753
then 75) 450(6 = FE
450

| 8

W S0
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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 E F will
be § of the Radius CE, per Theor. 2. If
DE be i, 4 or 2 of CE, then fhall EF be
2,2 ort of CE, till at laft the Radiant D,
and Focus F, both coincide in the Vertex of
the Mirrour E. See Theor. 3, 4, §.

=. Case 1I. For Parallel Rays, Scheme 2.
When 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 15, then will FE be 7 { Tenths of an.
Inch.

8. Case IIl. For Converging Rays, Schem
III. In this Cafe, if the Diftance of the ra.
diant Point (which here is virfual, or behin
the Mirrour) and the Radius be given, th
Rule for finding the Diftance of the Focus is
thus.

|

R, B

Multiply the given Diftance and Radius t
gether, and divide that Product by the Diffe
rence between the Diftance doubled and th

Radius
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Radius ; the Quotient is the Diftance 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,

g. If the Diftance be equal to the Radius,
the focal Diftance will alfo be equal to the
Radius ; that is, thofe Rays which converge
towards the Center C of the Mirrour, will
be reflected 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 Radius, then will the focal
Diftance be infinite ; that is, Rays converging
ito a Point in the Axis equally diftant from the
iCenter C, and Vertex E, will be refle¢ted pa-
rallel to cach other ; per Theor. g.

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

DE =3¢ sand  CE = 15
etV JE = - pdE = 10,
Produ& 75 ; Diff. = 5;
then 5) 75 (15 = Ef
75
Il Cz2 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 dE 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 re¢flelted Rays, Focus and Ra-.
diant in the other.

For ConcavE Mi1rRoURs. Plate V.

13. Cask L. For Diverging 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 greater, it will be before it.

EXAMPLE.

Let.DE = 30,4:a8d: 2 DE;= 6o,
Ch = 1, CEBii e
Produ& 450; Diff. :G-,

then 45) 450 (10 = FE.
450

<k o
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‘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 Object be placed
in the Center of a Concave Speculum, the
Image will be reflected upon the Object, or
they will feem to meet and embrace each
other in the Center; which agreeable Phe-
nomenon is eafily tried by any Mirrour of
this Sort.

15. lf 2DE — CE, that is, if the Di-
ftance of the Radiant be equal to half the
~Radius, it’s Image will be refleted to an in-
finite Diftance; for the refle@ted 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 direétly before it at the greateft Di-
ftances. And hence appears their Ufe when
{ placed behind a Candle in a Lanthern, and in

4 feveral other like Cafes.

16. Casg II. For Parallel Rays, Scheme 2.
In this Cafe the focal Diftance F E 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 theye burn
- C 3 in
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in proportion to the Quantity of Rays colleGted
by the Mirrour.

17. Case III. 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 behind the Mirrour, here
it 1s ever before it

EX'AMPLE

Let JE=="15;" and 2dE = 30,

Cis=re CE="18
Product 225 ; Sum;,_;;
then 45) 225(5=FE
225

18. If dE be equal to CE, or i CE, or!

t CE, or 1 CE, &¢. then fhall the focal Di--
ftance FE be equal to § CE, 1 CE, # CE,
or § CE, &e. Asper Theor. 17, 18, 19, 20.
19. From what has been hitherto faid o
the Properties of thefe Mirrours, and from
View of the Schemes, it is plain the Cafes o
a Concave, are but the Reverfe of thofe of
Convex in an inverfe Order. And it is more
over to be obferved, that in all thofe Cafes th
Focus, and Radiant Point mutually refpe
ea










The Theory of CaToPTRICS. 3q

each other, and may be interchangeably taken
one for another ; that is, in any Cafe, if we
take F for the Radiant Point, then will D be
the Focus of the refle¢ted Rays.

For Poain MirRrRoURS. Plate VI,

20. Case I. Of Diverging Rays, Scheme 1.
In thefe Mirrours there is no Radius to be
confidered, and the Diftance of the Radiant
Point D being given, the focal Diftance is
alfo given, as being equal thereto, per Theor.
21. Thatis, if D be the Point whence Rays
proceed, diverging to the Mirrour A B, they
will be fo refle&ted 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

. per Theor. 22, Hence the Sun being viewed .,
by Reflection in a Looking-Glafs, appears as

are refle¢ted -parallel ; and as the Radiant Point
D is infinitely diftant, {o alfo is the Focus F,

vaftly diftant behind the Glafs, as he really is

before it.

i |

Cs 22, CASE
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22. Case III. Of Converging Rays, Scheme
3. In this Cafe the Radiant Point 4 is fup-
pofed to be behind the Glafs, and the Rays
incident thercon, will be refleéted to a real
Focus f, at an equal Diftance before it, per
Theor. 23. So that this Cafe is but the re-
verfe of the firft.

23. Hitherto we have given Rules for find-
ing the Focus; but if the Diftance of the
Focus be given, and either the Radius of the
Mirrour, or Diftance of the Radiant Point,
the other may as eafily be found. Thus,

24. Let the focal Diftance and Radius be
given, to find the Diftance of the Radiant
Point ; this is the Rule for a Convex Mirrour.,

R.U:L.E,

From the Radius take twice the focal Di-
ftance, and with the Remainder divide the
Produc of the focal Diftance by the Radius,

the Quotient will be the Diftance of the Ob-
ject, per Theor, 24.

25. For a Concave Mirrour the Rule is this

RiU L E

Divide the Produ& of the Radius into focal
Diftance, by the Sum of twice that Diftance
added to the Radius, the Quotient is the Di-
ftance of the Radiant Point required, per
Theor. 23,

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

R L:E,

From twice the focal Diftance take the Ra-
dius, and with the Remainder divide the Pro-
du&t 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 Convex. Mirrour by this

R UL E,

From the Diftance of the Radiant take the
focal Diftance, and with the Remainder di-
vide twice the Produét of the focal Diftance
into the Diftance of the Radiant; the Quo-
tient is the Radius of the Convexity required,
per Theor. 28,

28. The Rule for finding the Radius of
Concavity is this: |

RULE.
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R UL E.

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

29. If the given Focus be before the Mir-
rour, the thing is impofiible for a Convex, per
Theor. 30 ; but is ever pofiible for a Concave,
and is found by this

RULE.

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

30. I prefume it is needlefs to give either
Examples or Schemes for the Illuftration of
thefe Rules, 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.

CHAP
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The RuLres for determining the Di-
Slance. of an Obje&, that [ball bear
any affigned Proportion to it's Image.

I. E have now done with Radiant

Points, and are come to treat of
- Lines, Superficies, and Solids, as they appear
by Refle¢tion from all Sorts of Mirrours ;
and firft,

Of ConveEx Mi1rRrouRrs. Plate VII.

2. Let OB be an Obje& placed before a
Convex Mirrour F G, whofe Center 1s C, and
Radius CE; the Image of the Objet will be

IM, as is evident from what has been taught
in Chap. IV. Art. 1, 2, 3.

3. Now to find at what Diftance the Ob-
ject O B ought to be placed, that it may bear
any afligned Proportion to the Image IM,
we have this Rule for Lines.

RANLE,

From the Length of the Obje& take the
._ Length of the Image, multiply the Remainder

by
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by the Radius of Convexity, and divide that
Produ& by the double Length of the Image,
the Quotient will be the Diftance of the Ob-
ject required, per Theor. 1. of Chap. IV.

E XA M-PL.E.

Let the Radius CE = 20, and the Pro-
~ portion of OB to IM be as 5to 1, to find
the Diftance of the Object O B.

FI'UIII OB =5
take IM =1
Remains ;
Multiplied by CE =0
Produ& 8o
Then IM — 1

Multiplied by =2
Dividend 2) 80 (40 = AE

8o

The Numbers here made ufe of are Tenths
of an Inch; and hence it appears, that an
Object O B muft be placed 4 Inches before a
Convex Mirrour of 2 Inches Radius, that it
may be in proportion to it’s Image as 5 to 1.

4. If the Object be a Superficies or Plane
of any Sort, the Rule for finding it’s Diftance
is as follows. ‘

RULES
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R U L E.

Divide the Object by the Image, multiply
- that Quotient by the Square of Radius; then
from the fquare Root of that Product take the
Radius, half the Remainder is the Diftance
fought, per Theor. 6. Chap. IV.

E.X A MPL E

Let the Radius be 20, and the given Pro-

portion of the Object to the Image be as 23
80 1. IHere

The Object divided by the Image is 25
Multiply by the Square of Radius 400

Extract the fquare Root — — 10000( 100
the {quare Root

Subftra¢t the Radius 20
The Remainder - — 8o
The half thereof is 40

the Diftance of the Object as required.
¢. The Rule is the fame for a So/id, as for
a Superficies, if inftead of Square, and Square

Root, we ufe the Cube and Cube Root, as per
Theor. 8,

E°X'A°MP L:.E.

| Let the Radius be 20, and the Propor-
I tion of the. Object to the Image be tha;
o
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of 125 to 1; to find the Diftance of the Ob-
je&t in that Cafe,
The Object divided 5
by the Image is 5
Multiplied by the
Cube of Radius } koo

Extra® the Cube ] 1000000 (100 Cube

Root of Prod. (Root
Subftra& Radius 20
The Remainder 8o
Half thereof is 40,the Di-

ftance of the Obje&t 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 3 tion to it's 25 to 1
A Solid Image as 125 to 1

That is, the Diminutions of fuch Obje&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 impoflible to form an Image of any Objet

before a Convex Mirrour.
8. Alfo it is impoflible to magnify an Ob-
je&t by a Convex Mirrour, becaufe the Image
being
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being greater than the Object, cannot be taken
from it, as the Rule above (in Art. 3.)
requires. Nor can the Image be ever equal
to the Object, but when they both meet or
coincide in the Vertex of the Mirrour.

9. It is evident likewife, if the Obje&t be
large in refpect of the Mirrour, that it’s Image
will not be ftrait or plain, but curvd, yet not
circular or concentric with the Mistour by
what has been taught in Chap. IV.

10. Again, the Image formed by a Convex
Mirrour will be ere?, as is eafily underftood
from Chap. IV, and is evident from the
Scheme of this Plate.

CGNCAVE Mirrours. Plate VIII.

Let the Radius be 20, and the Proportion
of the Object to the Image be as 1 to 5, to

find at what Diftance the Obje¢t muit be
placed ; this is the

RU L E,

From the Image fubftract the Objeé&, and
multiply the Remainder by Radius; divide
that Product by twice the Image, the Quo-
tient will be the Diftance of the Object fought,
per Theor. 2,

EXAMPLE.
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EX AMPLE.

From the Image IM = g
Take the Obje@ OB = T

The Remainder —— — 4
Mult. by Radius CE = 20
(ftance

Divide by 2z IM = 10) 80(3 —AE theDi«
8o

P ]

That is, a Line placed 8 Tenths of an Inch
before a Concave Mirrour of 2 Inches Ra-
dius, will appear 5 Times as big as it is; and
were it a Plane, it would be 25 Times as
big, if a folid 125 Times as big, at that Di-
ftance. For the Rules relating to Surfaces
and Solids are here the fame as in the Con-«
vex before laid down, with this Difference
only, that there the Radius was fubfiraited
from the Root ; but here it muft be added
thereto.

12. While the Focus is behind the Glafs,
the Obje&t muft be magnified from the Na-
ture of the Theorem on which this Rule is
founded. It will alfo appear curv’d and ereé?,
as in the Convex. ,-

If the Focus be required before the.
Glafs the Rule for finding the Diftance of the
Objec, having the fame things given as be-

fore, will be as follows.
RU L&
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R U L:E

To the Object add the Image, and multi-
ply that Sum by the Radius, divide this Pro-
du@ by twice the Image, the Quotient will
l:»f:T the Diftance of the Objec, per. Theor. s.

According to this Rule, any Obje&t may, in
this Cafe, be magnified or diminifhed in any
Proportion we pleafe.

EXAMPLE

Let the Radius be 20, and the Proportion
jof the Obje&t to the Image be as 5 to 1, to
find the Diftance of the Object. See Plate IX.

To the Obje® — OB =3y, -
Add the Image — IM = 1,

The Sum is 6;
Multiply by Radius CE = 20,
The Produé is 120;

Then 2 IM = 2) 120 (60 = A E, the Di-
anﬂ:c of the Objet O B required, v/z. Six
nches.

14. But if IM be fuppofed the Objelt,

hen will OB be the Image, 5 Times larger
n it; and the Diftance ¢ E will be found
2, or one Inch and two Tenths,

D 1g. If
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an Inch, and the Diameter of the Mirrour be:
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15. If the Obje&t and Image are defired|
equal, the Object muft be placed in C, the:
very Center of the Mirrour; this i1s eafilyt
underftood from the Rules, and is vifible by
Experiment, and is, by the Way, a goo
Expedient for finding the Center of the Con
cavity of a Mirrour.

16. The Image will here alfo be curved,
and it will be now znverted, becaufe the Ray
crofs each other in the Center, and form it of
the other Side; the Reafon is plain in t
Scheme, and from what has been taught inj
Chap. 1V, of the Theory.

Il{. It will now be no difficult thing to un-
derftand how Concave Mirrours make fuch
excellent Burning-Glaffes. For fuppofe thel
Radius of Concavity be 2 Feet, or 24 Inches.
and the Diameter of the Mirrour 12 Inchess
It has been fhewn, that the’Image of the Sur]
would be formed by this Mirrour at the Di-
ftance of 4 the Radius, or 12 Inches from th
Vertex. See Chap. V. Art. 16.. Alfo th
Image being feen under the fame Angle, as
the Obje&t from the Vertex of the Mirrou:
( per Chap. 1V. Art. 5.) will there fubtend
Angle of only 32 Minutes. The Diamete
therefore of this Image, by the Rules of Tri
gonometry, will be found about 1 Tenth o

ing 12 Inches, the Squares of thefe Diameter
will be as 1 to 14400 ; and confequently th
Denfity of the Sun’s Rays in this Imag

(wher
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(where they are all culle&ed) will be to their
Denfity on the Surface of the Glafs, as 14400
to 1, and their Heat will be in Propurtmn
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- /
rmuﬂy, and produce very great Effedts.

I
Prain MirRrouRrs. Plate X.

18. In Plain Mirrours, or Laoking-Glaffes,
the Image I M will always be equal to the Ob-
je¢t O B, at what Diftance foever it be placed,
per Theor. 3. It will alfo be ered?, and as far
§ behind the Glafs as the Object is before, as
Fhath been already fhewn, Chap. V. Art. zo.
| . Hence their excellent Ufe in reprefent-

ing Objeﬁs every Way like the Life; 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 5 and therefore a Man of 6 Foot beight
may view himfelf entirely in a Looking-
Glafs of 3 Feet Length, and half his own
Breadth.

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

ule

.2 RULE
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RULE

Multiply twice the Diftance of the Obje&
by the Image, divide that Product 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 impoflible to have it before, per
Theor. 12.

21. The fame things given, the Radius o
Concavity is found by this

Et L E

Multiply twice the Diftance by the Image,
and divide that Product by the Difterence 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 Object bel
given, then may the Proportion between the
Object and Image be found for a Convex, by
this |
ANALOGY.|

!
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L N RO a0,

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

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

A'NAT OGLG'Y,

As the Radius leflened by twice the Di-
ftance, is to the Radius;
So is the Object to the Image, per Theor. 135.

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

AN AL OG Y,

As twice the Diftance, lefened by Radius,
is to the Radius;
So is the Object 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, |

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

D 3 12
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12 to 1; that is, it will be 12 Times as
large as the Image. Now if you can tell the
Length of the Object, as fuppofe 36, then
is the Length of the Image known ; for

As 240: 20:: 36: 3 == the Length of the

36 Image, as appears
Cviviy by the Work.

120
6o

240)720(3
720

r————

26. And thus T have, T hope, fufficiently
explained the Do&rine of Catoptrics, and illu-
ftrated the Theory by plain and practical
Rules, Examples, and Schemes. 1 fhall now"
procced to do the fame by Digptrics, the:
more noble and ufeful Part of this Science,
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B AP L
The Theory of DiopTRICS,

1. § N Plate XI, Fig. 1. Let L N reprefent
a convex Lens, Df it’s Axis, D a Ra-
diant Point therein, D A a Ray proceeding
ifrom thence to A, a Point in the Surface
ILBN, C is the Center of the Convexity of
ithat Surface, CG being drawn through the
Point A, is a perpendicular to that Surface in
ithe Point A. CA or CB is the Radius, Af
is the refracted Ray, and f the Point where
it meets the Axis after the firlt Refration.
oLt DB =@, CA—ir. EB =t the
Thicknefs of the Lens; and let the Sine of
the Angle of Incidence DA G be called I,
and the Sine of the Angle of Refraction CAf,
or G AH, be called R.

3. Now fince the Point A is fuppofed to
be very near to the Vertex B, DA 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
Rrincip. 1,  Thatis, d:5.:; C: D.

4. Alfo



58 The Theory of D1oPTRICS.

4. Alfo DB—--BC =d--r, will be asg
the oppofite Angle CAD or DAG, for thc
Sine of both is the fame.

dR-}rR

5.ThenasI:R:;d—{—r: |

which will be as the Angle CA f; this taken|

from the Angle ACD = d, leaves the Angle:
d1—rR—dR

ALD —

1
6. Laftly, As the Angle f : D:: AD ot

dl—<rR el
D s o BE; thieth, ¢ 1

1

rd] 1

c:r::d: = Bf, th -4
Aol Lo 2R wd R e T8
ftance of the Point f, in the Axis after thu,
firft Refletion. i

+7. But fince there is a fecond Surface L. EN |
of the Lens, there muft neceffarily be a fecond if
Refraction of the Ray A D, tr::r fome other §
. Point in the Axis, as F; fee Fig. 2. Let IEN
be the Center of this fecond Surface, and KI§
a perpendicular thereto in the Point a, from
whence the faid Ray is refraéted to F. In}
this Cafe, the Rﬁfra&mn being out of a denfe
into a rarer Medium, the Sine of Incidence Wﬂ
be to that of Rcfra&mn the reverfe of what’ |
it was before, vrz. as R to I; that is, the Sm!.i
of Iaf 1sto thﬁ Sine of IaF, asRtol. |}

8. Herelet Ka becalled », Ef = d; amj
then will be, asd:»:: K : f, And Efﬁ




’1
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EK = d - r; and this will be as the Angle
fak, orit s Complement Iaf; therefore R:

dl -+ r1
a1 r: IR i , which will exprefs

the Angle Ia F.

dl 3
9. Then IaF —aKF = g:" d
+rI—dR
g- 3 ‘: =aKF. Now as F :
K:: Kaor KB:aF or EF; that is, as
dI—I—rI—dR*d__ : Rdr
R N T U R
= EF. :
drl

10. But Bf — BE —

t=yg=Ef poran.0.
11. Therefore, putting [—R = O, we fhall

dl—rR—dR

d ———
hhave d = rl t::dl‘l d{)!;—}—r]{t;‘r
dO—rR dO—IR
 AIG R = YR 0th+rtRRr
dO—rR

13. Again dI~-r1—dR=do-|-71;
if then we multiply the Equation, Art. 11. by
O, and add thereto »1; we fhall have d1-{-71

IR drIu-—-dotu—i—rRtn—{—dﬂrI

dﬂer
:—I‘RIF

14. Then
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dR r

TP dR
drIRr—dotR7r--rtRR~

drIo—-dnto—[—rRto—l—dan——rer
BT

14. Then

15. This laft Equation may be abridged, by

R o

{ubftituting p for B that is, for g then

e

pdrIr—pdotr—}-rthp_._
drI—dot{rRtfdrI—prlr

fhall we have

= | I

16. Laftly, if now we take R =5 O, in
pdotr; and I—R=0 in dot; this E-
quation will be finally reduced to this funda
mental Equation for all Dioptrics, wviz.

pdrrI—dtrR~-rtrpR

drI--dtI+dtR—[—rtR—i—drI—prrl\
5= BB == 1,

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

R |
3 t0 2, we fhall have 2
- I—R 32 |

= p, for a Glafs Lens.

18. In Wafer, the Ratio of I to R being as
4 to 3, we {hall have p = 3 ; and in Diamond,
the
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the Ratio being as 5 to 2, p will be = 3,
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 1 fhall
only regard that of Glafs, for which it will

6drr —2dtr{-4trr
3dr--3dr—dt—-2rt—6rr

ftand thus; viz.

19. We fhall now adapt this Theorem to
the Cafe of {a Glafs Globe, Glafs Hemifpberes,

and all Sorts of Glafs Lenfés, for all Kind of
Rays, as follows.

For A GLOBE.

20. Case I. Diverging Rays, Fig. 3. Here
=7 and =27 ; that's, 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

Qe 4rr

2d —r

=3l Theot 1.

21. Case II. Of Parallel Rays, Fig. 4.
In this Cafe d being infinite, the Parts of the
Equation will vanifh where it is not found,

d
confequently it will be —-E == /. Theor. 2.
| 2 2

23 CASE
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- 22. Case III. Of Converging Rays, Fig. 5.
Here 4 being negative, or —d, the Equation

d
will be B = f. Theor. 3.

Foran HEMISPHERE.

23. Caske 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 Equation will become

—4dr—-4rr

= fi. 'Theopl

3d—6r
24. CasEe II. Of Parallel Rays, Fig. 7.
d
Here d being infinite, we fhall have 43

3d
4
=S =—1" Theor.’s.
3

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

et g A g ol
will be —— | ‘“rzf. Theor. 6.

—3d—06r

26. If the plain Part of the Hemifphere be
expofed to the Radiant, there will be for

CAsE
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.: " Cask I. Of Diverging Rays, Fig. g.

|~6df‘+4?‘r‘:f: ThEﬂh?. /
- 3d—yr

. 27. Case II. Of Parallel Rays, Fig. 10,
6dr 6

e A 2r=f: Thenr. 8.

,3d 3
28. CASE I11. Of Diverging Ray.f Fig. 1T.
— 6d
- 4.rr_ﬁ Theor. g.
—3d—4qr

29. Note, if from the focal Diftance 2
in Art. 27, we take 37 in Art. 24, there will
remain 3 7, which will be the Difference in
turning the Convex and plain Sides of the
Hemifphere towards the Sun-Beams.

For DousLEe CoNvEX LENSES,

30. If the Lens be convex on both Sidcs,
and the Radii of the Convexities unequal, and
the Thicknefs confidered, we thall have for

Case 1. Of Diverging Rays, the fun-
damental Equation it felf, w7z,

bdrr—z2dtr-+ 4trr £ Th
- = f. Theor.
3dr - 3dr—=dt-2rt—=~6rr -

10,
B

31, CASE
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31. Case II. Of Parallel Rays, where d is |
6drr—2dtr brr—2atr

3dr+ 3d7—dt 3r-3r—t.
&=, .Theor. 11.

infinite,

32. For Converging -Ray.r, where d s
negative, or — d; we have

—b6drr—t-2dtr-t4trr
—3dr—3dr-fdtt2rt—b6rr
Theor. 12.

33. If the Thicknefs of the Lens be neg-
leGted, as inconfiderable, which it very well
may, and always is in common Ufe; then all
thofe Parts of the Equation where t is found
will vanifh, and it will become for

=

Case I. Of Diverging Rays, Fig. 12.
2drr

dr+dr—2rr =

Theor. 13.

34. Case IL For Parallel Rays, Fig. 13.

2drr 217 h
dr-—[—dr#r—]—r_f' et

35. Cask IIL. For Converging Rays, Fig. 14.
2drr
= f.© Theor.-15:

dr-f-dr--2rr

36, If
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| 36, If the Radii of the Convexitics are
eq‘ijal that is, r— », and the Thicknefs of
ithe Lens, ort *, be negiedted then will the
' Equatmn be very fimple, viz.

CASE I. For Diverging Rays, Fig. 15.
d , .
Platc XII. - e =P iTheors 16

i _I" :

37. Case II. For Parallel Rays, Fig. 16.
— r""""'f: Theor. 17-

38. Cask III. For Converging Rays,

d .
g 17. d—{ir—'ﬂ Theor, 18.

- Fcf‘-’zﬁPL.&No-CquEx LENSs.

d 39. If the Convex Surface be expofed to the
Radiant, » being infinite, the Equation will
'for

| CASE I. Of Diwverging Rays, Fig. 18.

— ==L "Theor. 100

E 40. Cask
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40. Case II. For Parallel Rays, Fig, 19.4
6r—2t

3

=2r—3t=f Theor. 20.

41, Case lII. For Converging Rays,

—6dr-}-2dt—-4tr
— . Theot!
—3d—0r For & 3

Fig. zo0.
21

42. If the Thicknefs of the Lens t be neg

lected, as is ufual, the Theorems will be mo
concife, vrz.

d
Cask I. For Diverging Rays, (—1—2 e |
—2r

Theor. 22,

Case 1L. For Parallel Rays, -2—:-5 = 2

#= . 'Fheor: 23.

Case III. For Converging Rays,
zf T heor. 2 4.

43. If the plain Surface be turned to th
Radiant, in which Cafe r will be infinite, w
thall have F 1

CAsH
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.I.bAEE I. For Diverging Rays, Fig. 21.
6dr | 4tr
d-f2t—67 o

Theor. 25.

'h 44. Casg II. For Parallel Rays, Fig. 22,

E_ == {. " ¥ heor. 20.

3d
45. Case IIL. For Converging Rays, Fig.23.

| —6d--4tr
13d-[—2t---6r_f' Theor. 27.

46, If the Thicknefs, ort, be neglected,
e fhall have

d
Case 1. For Diverging Rays, d2 : =1
2 1
heor. 28.
2dr

Case II. For Parallel Rays, G\ 2r
= /. Theor. 29.

- Casg III. For Converging Rays,

) d-tar
= f. Theor. 30.
47. From the Theorems in Art. 40 and 44,

‘appears, that the focal Diftance is greater
- E 2 by
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by i t, when the plain Side of the Lens is
turned towards that of the Sun Beams, than
‘when the convex Side is,

For CoNcAVE LENSES.

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

Case 1. Of Diverging Rays,
6drr-t-2dtr—4trr
—3dr—3dr —dt—2rt—6rr

Theor. 31.

49.Casp 11, Of ParallelRays,
=L REQE 32,

so. Case III. Of Converging Rays,
—6drr—2dtr—g4trr
ot = f.. Theor. 38

3dr~4-3dr4-dt—2rt—061r

s1. If the Thicknefs of the Lens, or t,§
be negle@ted, which in Concaves is moft in-4
confiderable ; the Theorems will be mu
fhortened, and ftand thus;

Cased
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Case I. For Diverging Rays, Fig. 24.

| 2dryr
“;:—dr 7 i+ Theor 3.4

s
T

 52. Case IL. For Parallel Rays, Fig. 25.
T 2 Elhicot. g5,

—T—7

53. Cask IIL. For Converging Rays, Fig, 26.

—2drr
_-:-dr—l—dr-—-zrr—f' Theor. 36.

54. Moreover, if we fuppofe the Radii of
Concavities equa] that is, r = », we fhall have
‘the Theorems ftill more abndged thus ;

Case L. For Diverging Rays, Fig. 27.

dr
fo— == fuaTheor: 37.

s5. Cask II. For Parallel Rays, Fig. 28.

d; = ~—r = f. Theor. 38.

. 56.Cask IIL. For Converging Rays, Fig. 2q.

—dr =2 Th
: ——— cor. 4
- 39

¥ E 3 Of
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Of a Prano-ConcAveE LENS.

¢7. If the concave Surface be towards the
Radiant, » being infinite, we fhall have the
Equation for

Case 1. Of Diverging Rays, Fig. 30,
—Odr—2dt—4tr :

3d-r-61 g

Theor. 4o0.

8. Caske 1L Of Parallel Rays, Fig. 31.
— br—2t :

3

= —27 — it = Theor.;q.l;

| 59. Case I11. Of Converging Rays, Fig. 32.
6dr—2dt—gtr
Sy d_—-{— i —-.f-. Th:ﬂﬂf. 42.

6o. If the Thicknefs of the Lens be neg=
le¢ted, the Theorems will be thus abridged.

. —2dr |
Case . For Diverging Rays, =
iverging Rays e £
Theor. 43.
—2d7

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

Casej
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d
- Case III. For Cﬂﬂﬂfrgfﬁg Rﬂ)’-’*‘: &

27r—dg

‘= /f 'Theor. 45:

- 61. If the plain Surface be towards the Ra-

diant, r will be infinite ; and the Theorems
will be for

- Case 1. Of Diverging Rays, Fig. 33.

—6dr —4tr

Plate XIII. == f, Theor. 463

ate X e f eor 46:

" 62. Cast 1L Of Paralld Rays, Fig. 34

6dr

E=3d

= +«=27==f, Theor. 46.

63. Case I1L. Of Converging Rays, Fig. 35
6dr —4tr

| —3d -2t 67

64. If the Thicknefs t be neglected, thefe
rTheurems will become for

==F; . Theor: 47.

—_—2d7

d--2ar

* Case 1. Of Diwerging Rays, =/

Theor, 48.

Cask II. Of Parallel Rays, i 2dd f =

1—2r=/ Thcor.gg. Gl
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Case III. Of Converging Rays, e

= f. Theor, so.

2 r—4d

Fora MEnNnIscus.

6¢. If the Radii of the Surfaces are un-
equal, and the convex Side expofed to the
Radiant, in which Cafe » will be negative,
we fhall have the Equation for

Case 1. Of Diverging Rays,
—b6drr—2dtr—4t
& e r—4trr -"‘—‘_f: Theor._gl.'

3dr—3dr—dt—-2rt—6rr
06. Case 1. Of Paralledl Rays,

—Orr——2tr
'31""3—1-'—5 =/f. Theor. s2.

67. Case III. Of Converging Rays, |

- 6drr—adtr—gtrr i

'—3dr—{a3dr-—[—-dt+zrt—{'—fyrr _—f‘
Theor. 53. '

63. If the Thicknefs t be neglected, the

Theorems will be for _

Cas% I. Of Diverging Rays, Fig. 36. |
—2dr ;
d =/. Theor. sz4.

69. CASE

Qrwdrwj-zrr
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69. Caske II. Of Parallel Rays, Fig. 37.

-——'zrr=ﬁ Theor. §55.

y— 7
0. Cask I1L. Of Converging Rays, Fig. 38.

2drr
- =" heor. z06.
tdr—dr--2r7r Jv. Thegt 5

71. If the Radius of Convexity be equal to
the Radius of Concavity, wviz. r=r; and
the Thicknefs t negletted, the Thcorems will
be for

Case 1. Of Diwverging Rays, Fig. 39,
— d
e d =f. Theor, 57.

2Ir

272, Case 1I. Of Parallel ngs, Fig. 40.
B i heor. 5.

. 73. Cask 1II. Of Converging Rays, Fig, 41.
2drr
— =d = f. Theor. 59.

2rr

74. 1f the concave Side be expofed to the
Radiant, and the Radii of the Surfaces un-
equal, r being in this Cafe negatwc we fhall
have the Equation for

CAsE
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Case 1. Of Diverging Rays,
—b6drr—2dtr—4trr o,
ugdr'}—gdr—-dt-—zrt—i-ér‘r‘_ﬁ
Theor. 60.

75. Case II. Of Parallel Rays,
—Grr—2f
ket 0 = f+* - Theor, 67,

G gt 2 s
76. Case III. Of Converging Rays,
6d dtr—4qt
l'?"—l'-ﬂ r 4. g :J‘: Thmr.
3dr—3dr~dt—2art+4 617
62,

77. If we neglet the Thicknefs t, we fhall.
have for

—2drs |
-

Cask 1. Of Diverging Rays,
=jf. Theor. 63.

78. Case IL. Of Parallel Rays, — ot

= f. 'Theor. 64.

F T

79- Case Il Of Converging Rays,
2aL”r
= jf. Theor. 63.

df-—d?‘"}—'zrf

8o, If
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- 8o. If the Radius of Concavity be equal to
the Radius of Convexity, and the Thicknefs
¢ neglected, we have for

x —2d
-~ Case 1. Of Diverging Rays, L

21Ir
—d = f Theor. 66.

81. Caske II. Of Parallel Rays, 0l
0
= f. - Theor, 67,
2drr

82. Case III. Of Converging Rays, St
| 27T
= d = L. . Iheor. 68.

Forﬁﬁ Prain Lens
83. This being no other than a Piece of
common plain Glafs, whofe Surfaces are pa-
rallel Planes, the Radii r and » being both in-
finite, the Equation in Art. 18, will become
for

CAase 1. Of Diverging Rays, Fig. 42.

- 6d
: —:“:d—{—-}t = — f. Theor. 6qg.

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

f-’:—}—c-l =f. Yheor, va,

LI

_85. Casz
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85. Cask III. Of Converging Rays, Fig. 44.

—6d--
641:_.& $t=j. Theor, 71.

86. If the Thicknefs t be neglected, the
T heorems will be for

6d
Case 1. Of Diverging Rays, Y — o
= .. “Theor, =72,
' 6d
87. Case II. Of Parallel Rays, ¥ =

Theor. 73.
—6d

—06

88. Case IIl, Of Converging Rays,
e='d = £ Theor 74

89. Thus much for finding the Foci -of
Rays after Refracion. 1If the Focus be given
with either the Diftance of the Radiant,
Radii of the Convexities or Concavities, or
the Ratio of Refraion, the reft may be
found by Theorems raifed from the fame
fundamental Equation in Art. 16, which, if ¢
be reje¢ted as inconfiderable, will ftand thus,

pdrr A P Taiek

Sy kA <= nd when reduce
we fhall have pdrr=drf-{-drf=—prrf’
9o. If




&
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| go. If now f, r, 7, p, are given; d will be
thus found, prrf=drf4+drf—pdrr;
P

rf rf—prr

and therefore it will be
Theor. 76.

g1. If f, r, d, and p be given, » will be
found from this Equation pr7f -+pdrr

| drf
~—drf=drf; for then S pdr Ry

7. Theor. 77.

g2. If r be required, the Equation will
be prrf4pdrr—drf=drf; and fo

drf
| = ¢ " Theor. 78.
prf+pdr—df :

93. If £, , », and d be given, the Equation
forp will be prrfpdrr =drf+drf;
drf—kdrf_ﬁ

e fodrr

and hence we fhall have

Theor. 79.

94. Having found p, the Ratio of the Re-
i
I—R’

therefore Ip—R p=R, and fo Ip=R-"Rp;
whence I: R::p11:2.

fraction is eafily known ; for p = and

95. 1f
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95. If the Lens be a double Convex of
Glafs, then will be p== 2, and if r = r; then
the Theorems for d and r will be as follows.

For the Diftance, 1rf =d. . Theor. 8o.

J—r

._ df
For the Radius — 7, ‘Theor. 81.
. fd

96. If the Lens be a double equally Con-=

)

cave, then we have for the Diftance,

=— d. Theor. 82.

?'-“

And for the Radius =r; 'Theor. 83,

T

CHADPR
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CHARDI H

The Theory of DioPTRICS continued,
for determining the mutual Propor-
tion of the Obje& and Image.

1. § ET LN be a double equally convex

Lens, Plate XIII, ACa it’s Axis,
{OB an Obje&t in a Pofition perpendicular
f thereto.

2. From the Extremity of the Object O,
fuppofe a Ray OF fall upon the Lens in fuch
a Point F, that by it’s Refraction in the Glafs,
it be made to pafs through the middle Point
of the Lens C to G; at G it will be fo re-
fraced to I, that the Ra}r G I fhall be parallel
to OF. This Ray O CI will be the Axis of
all the Rays which fall on the Lens from the
Point O, and I will be the Focus where they
will all be colle¢ted, by what has been before
il taught.

Il 3. In like Manner BHCK M is the Axis

of that Pencil of Rays, which proceed from
il the Extremity of the Obje& B, and their Fo-
Wl cus, fuppofe at M. Then f'm:e all the Points
|t in the Object between O and B, muft necefla-

rily
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rily have their Foc/ between I and M, IM
will confequently be the Zmage of the Oefye& _'
O B, per Princip. 10 and 11.

4. From the Vertices of the Lens D and E
draw the Linés DO, DB, and EI, EM, and
produce the incident Ray OF, till it meet the
Axis in d, and the refratted Ray 1G, till it
ciits the Axis in e ; now fince Od and Ie are
both in the fame Plane, and parallel to each
other, from the Nature of Refrations, the
Angle Od A will be equal to the Angle Tea;
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
{mall or negleted, the Angle OdA will be-
come equal to ODA, and Ieaequal to IEa;
and confequently the Angle OD A will be
equal to the Angle I Ea. In like Manner it
is fhewn the Angle BDA = M Ea. ﬂnd'z |
therefore the whole Angle ODB =MEIL
From whence it fullﬂws That the Image 1 Mb
appears from the Vertex of Emerfion E, ﬂﬂdfr:.
an Angle equal to that under which rbe Oé;fa‘f |
appears ﬁ‘am the Vertex of Incidence D.

5. If the Object O B be very fmall, or ata
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, a, M, be very nearly in the fame Planej |
and the Image 1M parallel to the Objelt O B,
and perpendicular to the Axis A a,

6. In
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.~ 6. In this Cafe, the Triangles OD A and
| TEa are fimilar; for they are equiangular,
fi fince the Angle D =E, and A =a, as be-
ing both right ones, and therefore O =1 ;
il and confequently DA: Ea:AO:Ia; for
il the fame Reafon DA : Ea:: AB:aM. But
HDA:Ea:: OA-}AB:Ia-}aM::0B:
IM. That is, The Diffance of the Objeét is
#o the Diftance of the Image, as the Length of
the Objeit to the Length of the Image.

~ 7. Alfo AO: AB::1ataM; thatis, The
W Object and it's Image are divided proportionally
W &y the Axis a{ the Lens Aa.
Il 8. Call the Obje& O, it’s Image I; the
{{ Diftance of the Objeé and it’s Image, d and £
|t as before ; then will it be O:1::d:f, and

f 14 -
| therefore 5= F. But for the Cafe of a

- double and equally convex Lens, whofe Thick-
linefs is inconfiderable, we before found f==

|
d: > Chap. I. Theor. 16. Therefore IE?
dr |

; and fo Idd—1d »=dr O, that
—

s, Id —1r =70, and Id =71} Or;
: | o el &
and confequently Stk aide THEIST,

il 9. If the Obje&t be a Surface, the Image
will be {o too ; and their Proportion duplicate

of the former; that is, O:[::d*:f* and
R Ir hence
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az d iy
hence ’,/5—(%—- off - die d_r—; ; and {quaring
Id® gizr

each Side, we have G ATd which re-

—.r

folved is, Ix d — 7=0Oxr*;henced — r
(‘%“?’5; Pllt %ﬂ s then d— 7 =
Pres and d—7 = +/7773 and lattly, d =

Vpre ~ 7. . Theor. 2.

~10. If the Objett be a Solid, the Image
will be fo; and then it will in like Manner
appear (thf: Proportion being trlphcate uf the

firt, viz. O:1::d3: f3) that d__.-y’pra
B ROl 2t

. 11. Thefe three Theorems find the Di-
ftance d, at which an Obje¢t (whether Line,
Surface, or Solid) muft be p]aced that it may
bear the fame Proportion to it’s Image, as O
does to I, in Cafe we ufe a double and egualﬂ
convex Lens.

12. But the fame thing 1s found for anj
other Lens, as I fhall thew for a Plano-Con=
~ vex, Double and Plano-Concaves, as follows.

13. In Chap. I. Theor. 22, For a Plano-

ST e l_;i
had = £,
Convex we_ a it /o Therefore &

=2d!:
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d
G-"-: 4 ; and confequently Id — 217 =
- d—2r
1270, and Id =270 --217; and hence
i I -
;rD-I—[—z i'".'-—-d. Theor. 4.

‘14 If the Obje& be a Superﬁmes then

2,and Ix de—2r=47*x0;

is, d—27r = 4r%1% %: 4T P35

herefore d=—27r =4 47r?p; andd=2¢
-  4r*p. 'Theor. s.

15. In the fame Manner, for So/zds, we fhall
ave d = 2:‘-{—4;87:’7‘5. Theor. 6,

16. For a double and equally concave Lens,

dr

the T heorem was T i See Theor.

7. And fince in this Cafe O : I:: d : =3
| 1d dr
thallh T e T e
all have g f =%
E QId-"f‘..I?'—-rO, and therefore Id =0 r

: Or—rl
r1; and confequently d il .

, and
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17. For a Superﬁcxcs it will be d = Jrn?
~— 7. 'Theor. 8. .

18. And for a Solid, d = .,!Prs-;-,
Theor. g.

19. In Cafe of a Plano-Concave, it will

T |
alfo i—-——i) — d—: z :, (per Theor. 4.3.)
and therefore Id{-21r =2 703 and hcnce
O—2rl
d_zr i 2. Theor. 10.

20. For a Superficies, d = v 372 p — 27
Theor. 11.

3 il
21. For a Solid, d = ¢ 8rip — 27
Theor. 12.

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

Id —2dry {

1 e 3 [
L gy Farx (per Theor. 54.)
whence we find d = Brrl e zrrI‘ Theofkt‘
-# rI -frl

173,

»
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23. If the concave Side be expofed to the

! 0] rI
Radiant, we have d = it ki .

! rl=—rl
| Theor. 14.

~ 24. If the Radius of Convexity be equal to
| that of the Concavity, we fhall have (per

; i1d
| TThEur. 57 and 66.) 5 d; fo that Id =

3:0 d;  that is; I = 0. Theor. '15.. Which
fhews, that in this Cafe a Menifcus Lens can
neither magnify nor diminith an Object.

e
"

25. In all the foregoing Theorems we had
‘Regard only to gffirmative Focus's ; but they
! may be as eafily adapted to negative ones, if it
| be required to have the Image on the fame
Side with the Objet. Thus for a double
\ equally convex Lens, for an affirmative Focus,

| d
| the Theorem is 5 g {-f; but for a ne-

l —
dr

gative Focus, it will be 5= f; allo 1t

£ —
1
fwill be O:1I::d: —f; and therefore g

|
dr Ir—O
Sy from whence we have d = i e

'«‘I‘heur. 16,

w
L J

P 26, In
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26. In this Manner Theorems are raifed
for other Glafles, where it is to be obferved,
that the Terms of the Equations are the fame
as for affirmative Focus’s, the Signs only are
changed : But this is a Matter not worth in-
fifting on, being of little Ufe.

27 If it be required to form an I
equal to the Obje&t, we fhall have O=1;
and the Diftance required will be for the
{everal Lenfes, as follows.

28, For a double and equally convex

| 0O I |
Lens; we have rh]; r:z—l-—r::zr:d.
Theor. 17, .
220 4217

29, For a Plano-Convex, =

I

I ;
iff == 47 s=t . Theor. a3,

|
30. For a double and equally concave Lens,,
Or—1r o |

we have - I i b d. Theor. 19.

And fince in this Cafe the Focus is alwa
negative, it is evident the Image can never
equal to the Object at any Diftance from the
Lens, much lefs can it ever exceed it; and
therefore!




§ and therefore for a double Convex

“Theor, 23.

<
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therefore fuch a Lens can only diminifh, never

magnif;,r an Object.

' 31, The fame thing is true, and for the
fame Reafon, in a Plano-Concave, as will appear
from Theor. 10 hereof; and alfo in a Me-

nifcus from Theor. 13 and 14.
32. If the Diftance d of the Obje&, and

| the Proportion of O to I be given, the Radius

r of double and equally convex and concave
Lenfes, in this Cafe neceflary, is found from

the Equation in Art. 8, viz. Id =1Ir-4-0Or;
I d

10

: .r.
Theor. 20.

33. For a Plans-Convex, the Equation is

o £
2d=27r0-121r, andthereforezo_{_zl

= . Theor.21.

4. For a double and equally concave Lens,
the Equation being Id = Or —Ir; we
- Id
have

5 Ll = 7. Theor. 22.

3. For a Plano-Concave, the Equation is
Id

20-—-21=

1d=270—21r, and fo

Fa 36, If
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36. If the Diftance d of the Objedt, and
the Radius » of the Convexity or Concavity
of the Lens be given; the Proportion of the
Obje® to the Image, viz. O:1, is eafily
found as follows.

37. For a double and equally convex Lens,
the Equation is Id — I» = Or; whence
this Analogy, d—r:7:: O:1. Theor. 24

28. For a Plano-Convex it will be 1d —
2lr=2r0;andfod—2r:27:: O: B
Theaor. 23. .

9. For a double and equally concave Lens,
the Equation is Id - I» = Or, and there-
fored—r:r::0:1  Theor 26

40. For a Plano-Concave it is d J- 273
r+::0.:1  Theor 27.

41. For a Plain Lens, or Glafs, we ha'n:-

= d-it, per Theor. 69; and thcrcfot&T

O —-30t, and confequently O : I:: |

L g
O
1d =40

d:d-:t. Thcor a5,

__42. Itisin vain to raife Theorems for Me-
#nifcus, and other Sorts of Lens, or for any

ar.hep
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other Matter befides Glafs; for this would be
to launch out into a boundlefs Ocean, that
would afford more of Curiofity and Specula-
tion than real Ufe; which fhall be a Tafk
therefore left for the young Optician’s own
Amufement, whilft I go on to reduce the
il'grfi'going Theorems to plain and practical
Rules,

CHAP




[ 90 ]

e = — -

CHA'E Ul

The Theorems relating to GLoBES and |

HeMISPHERES reduced to pracs

tical Rules, and exemplified.

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 GrLoBE.

2.Case 1. For Diverging Rays, Plate X1V,
Scheme'1. Let there be given the Diftance
of the Radiant D E, and the Radius of the

Globe CE, to find the Diftance of the Fo— |

cus IF.
R ULE.
Multiply the Diftance of the Radiant b

the Radius, and to that Product add four
times the Squarr: of the Radius; divide that
Sum by the Difference between twice the

letance of the Radiant, and the Radius, the
‘Quotient will be the Diftance of the Focus, '
per Theor, 1, Art. 20. Chap. 1.

3. EX-




e et e
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2. EXAMPLE.

Let DE=30 CE=10 2DE=¢6o0
CE=io CE =10 CE =10

BUCRE . AT Bnegmsng
Produ& 300 _4 el
Add 400 400

Then 50)700(14 = IF, the focal Di-
50 ftance required, wviz.
—_— one Inch, and four
200 Tenths.
200

4.2 As 2DE is greater, equal to, or lefs

than CE; the Focus F will be affirmative,

or behind the Globe, infinite, or negative, or
before the Globe.

5. Casg II. Of Parallel Rays, Scheme 2.
A Glafs Globe expofed to Parallel Rays, will
collect 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 IIl. Of Converging Rays. The
Focus F is found here by the fame Rule as

- in Cask I; only the Sum and Difference there

muft
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there muft be exchanged for the Difference and
the Sum here. And according as the Produ&t
of the Diftance of the Radiant Point, into the
Radius CE, is greater, equal to, or lefs than
4 times the Square of the Radius, the Focus
will be affirmative, within the Globe, or ne-
gative, per Theor. 3.

For an HEMISPHERE.

7. CasE 1. Of Diverging Rays 1If the
Convex Part be towards the Radiant, the Fo-
cus will be found by this

RULE

To the Produét of the Diftance of the Ra-
diant into the Radius, add the Square of Ra-
dius, multiply that Sum by 4: This divide

per Theor. 4.
8. But if the Plain Side of the Hemifphere

by the Difference between 3 Times the Di-
ftance, and 6 Times the Radius, the Quo-
tient will give the Diftance of the Focus, |

be turn’d towards the Object the Radiant,

the Rule will be fomewhat alter’d ; thus,

R U L Eg



The Theory of D1oPTRICS, Q3

R UL E,

To 6 times the Produ& of the Diftance
into the Radius, add 4 times the Square of
i ius; divide that Sum by the Difference

tween 3 Times the Diftance, and 4 Times
. the Radius; the Quotient is the Diftance of
| the Focus required, per Theor. 7.

] gc EXA'MPLE
For the Convex Side towards the Radiant.
| : : :
| . Let the Di- Times the Di-
| ftance be — { 3° 3 ftance is — {9°
' The Radius 10 6 Times the Ra- 6
- d— g i —
Produ& 300 AR
Add the Squ. Difference 30
of Radius (! |
Sum 400

Multiply by 4

Divide by 30) 1600 (53 = the Diftance of

150 the Focus, vz,
. = Inches,
100
Qo
T

10. E X-g
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j0. EXAMPLE
Of the Plain Side toewards the Radiant,
| Let the DI-} 30 3 Times the Di- od

01 ftange be ftance — —
. The Radius =~ 10 4 Times the }4{}

: ¥ Radius -~
Produét 300 ey
Multiply by 6 ~ Difference 50
Produét 1800
Add 4 times
S
- Divide by 50)2200 (44 = the Diftance of
209 the Focus, /2.
| 4 75 Inches,
200
200

e

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 5o, or
5 Inches diftant from the fame Hemifphere,
ther the convex Side will give the fhorteft
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; they will be colleGted at F, at the

Diftance
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iftance IF, which will be juft 2IC, that is,
wice the Radius of the Hemifphere, per
heor. 8. But if the convex Side be towards
e Sun, the Diftance 1 F will be but 1 § of

C; that is, the focal Diftance in the latter
ICafe will be 2 of IC, or the Radius, fhorter
n in the former, per Theor. 5.

! 13. Therefore the greateft Effe&t of burn-
@ng by an Hemifphere, is with the convex
t towards the Sun; and alfo the greateft
ffect of magnifying an Object feen through
is with the fame Part towards the Obje&.

14. Case 1II. Of Converging Rays. The
ule for finding the Focus here, is the fame
s for Diverging Rays, if for the Sum and
Difference there, we take the Difference and
the Sum of the fame Quantities here, as was
'bef}:re obferved of the Globe in the fame
ei‘

s —

CHAP,

>

o
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. CH- A P-1vV. '
The Rules for finding the Focus of a

DousLE ConvEx LEns.

1. Y F the Lens be unequally Convex, and the
Thicknefs not regarded, then if the
Radius of each Surface be known, and the
Diftance of the Radiant from the Lens, the
Diftance of the Focus will be found for

2. Case I. Of Diverging Rays, by the
following _

"R UL E. }

Multiply twice the Produ& of the Radii
into cach other by the Diftance of the Ra=
diant, this fhall be the Dsvidend. ‘Then take
the Difference between the Produ& of the
Sum of the Radii, multiplied by the Diftance,
and twice the Product 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. |

3. E X«




.Tﬂ; -
L

-
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3« EX AMPLE.
Let the longeft Radius be 5o, and the

fhorteft 30; and the Diftance of the Radmnt

300: Then |
Longeft Radius — -~ 50 7 :
Shorteft - 30 ; TRINEN
Produ& - 1500 300

Multiply by -
Twice Produt — — 30:::0 : d’ s
Diftance 200" -

2 moo) 900000 (42.8
84000

60000
42000

180000
168000

I2000

Longeft Radius 50
Shorteft — — 30

Sum 8o
Diftance — — 300

Produét — 24000
Subdu& — ~—— 3000, twice Prod. of Radii,

Difference — 21000 Divifor.
Thus the focal Diftance will be 42 %
G 4. CASE

2 T&‘._%_‘.

4 & ol
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4. Case 1I. Of Parallel Rays. 'The Fo-
cus of thefe is found thus. |

RULE. i

Divide twice the Produét of the unequal
Radii into each other, by the Sum of the Ra-
dii, the Quotient will be the focal Diftance;
required, per Theor. 14. |

5. EXAMPLE.

Let the Radii be the fame as before ;

Then the Longeft Rad. 50 — — 50

The Shorteft 30 == == 20 |
Product 1500 80 Sum
2 !

80) 3000 (375 = the focal

240 Diftance re-

p quired,
00 o
560 37 4
400
400’

6. Case III. Of Converging Rays. 'Th
Focus of thefe is found by the Rule of the firl
Cafe
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Cafe, if inftead of the Difference we take the
Sum of thofe Quantities mentioned in the
Divifor, per Theor. 13,

. If the Lens be equally Convex, as ara
moft of thofe in common Ule, and the Thick-
nefs negleted as mcnnﬁderable and caufing
no material Error, then will thc Focus of this
moft ufeful Lens be moft eafily found by this
ﬂlort and plain Rule, for

8. Caske I. Of Diwerging Rﬂy.r, Flate XV
Scheme 1.

| g i e

~ Multiply the Diftance of the Radiant by
the Radius of the Lens, divide that Produ¢t
by the Difference between the faid Diftance
and Radius, the Quotient is the focal Diftance
tequired, per Theor. 16.

9. EXAMPLE.

 Let the Diftance DE — 40— — 40
The Radius = CE = AT anls

The Produ& 6oo 25 2¢ Diff
Then 25) 600 (24 = F E, the focal Di-
50 ﬁance fought, viz.
= Inches.
100
100

G2 1o, And
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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 affirmative, in-
ﬁmrf or negative.: |

11. Case IL. 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 colleGted 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
Jts Surface is larger or fmaller, if the focal
Diftance be the fame; or as the fald Diftance
is lefler or greater, if the Quantity of Surfact:
be the fame. |

13. For if the Lenfes be of different B1g;- |
nefs, and of the fame focal Length, their
Power of burning will be as the Sguares of
their Diameters directly, for it will be as the
Quantity of Rays failmg on their Surfaces di=
rectly ; thus if the Diameter 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 Surfaces 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
Dlamettrs but fince thefe Diameters are as

the
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the Diftances from the Glaffes, the Power of
burning will be reciprocally, as the Squares
of the focal Diftances. 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
latter,

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, viz. — 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 hundred Times lefs
than the Surface of the Lens; and the Heat
of the Sun’s Rays will confequently be aug-
I mented in the fame Proportion, which there-
i fore will burn very ftrongly.

16. Note, if the Thicknefs of the Lens be
at any Time confidered, the foca/ Diftance
will be very nearly one fixth Part of the faid
Thicknefs lefs than the Radius, as appears

from the Theory.
G 3 17. CASE
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17. Case 1II. Of Converging Rays, Scheme
3. The Rule for finding the Focus of thefe
Rays is as follews.

RO.E E

Multiply the Diftance of the Radiant by
the Radius, divide that Produét by the Sum
of the faid Diftance and Radius; the Quo-
tient will be the Diftance of the Focus re-
quired, per Theor. 18.

18 B XA M PR

Let the Diftance d1 = 30 — — 30
The Radins — CE = 1§ — — 13

The Produ® — —— 450 45 Sum
Then 45)450(10 = F I, the Diftance
45 of the Focus requif=

ed, vzz. 1 Inch. j

19. The Focus will in this Cafe be always
affirmative, and it’s Diftance lefs than the Ra-
" dins. 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 Part,

‘0

X

CHAP
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£:H A PV
;.738 Rules for finding the Focus of a

Prano-ConvEx LENS.

1. ¥ 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
twice the Radius, wanting * (two Thirds) of the
Thicknefs of the Lens, per Theor. 20.

2. But if the fame Lens be expofed with °
it’s plane Side to Parallel Rays, the Focus will
then be precifely at the Diftance of zwice the
Radius from the Glafs, per Theor, 26,

3. If the Thicknefs of the Lens be neg-
le¢ted, the Rules for the Focus are the fame
for either of the two Sides towards the Ra-
diant, as appears from the Theorems relating
to thefe Cafes,

i 4. Case I Of Diverging Rays, Plate XVTI.
‘Scheme 1. - In this Cafe the Rule for finding
the Focus is as follows, vz,

G 4 R LK
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11. The Focus of Converging Rays will al-
ways be affirmative, or behind the Glafs, and
lefs than twice the Radius or Diameter of the
Sphere. This Cafe of Converging Rays is of
great Ufe in the Conflru&ion of Microfcopes,
or any Machine where a Compofition of Lenfes
is neceflary, as will be fhewn in the third Part
of this Treatife, |

CHAP
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EH AP

The Rules for finding the virtual Focus

.:y“ DousLe ConcaveE LENSES.

I.IF the Lens be unequally Concave, and
the Thicknefs thereof negleéed, (which
is much more inconfiderable in thefe than in
the Convex Lenfes) then the Rule for finding
the Focus for

2. Case I. Of Diverging Rays, is as
follows. '

R ULE.

Multiply twice the Produ& of the Radii
by the Diftance of the Radiant; divide that
Product 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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11. The Focus of Converging Rays will al-
ways be affirmative, or behind the Glafs, and
lefs than twice the Radius or Diameter of the
Sphere. This Cafe of Converging Rays is of

grf:at Ufe in the Conftru&tion of Microfcopes,

or any Machine where a Cumpoﬁtmn of Lenfes

is neceflary, as will be thewn in the third Part- |

of this Treatife,

CHAP

A =
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GCHAP VI

The Rules for finding the virtual Focus

qf DousLe ConNcavE LENSESs.

1. § F the Lens be unequally Concave, and

the Thicknefs thereof neglected, (which
is much more inconfiderable in thefe than in
the Convex Lenfes) then the Rule for finding
the Focus for

2. Case I. Of Diverging Ra}rs,- is as
follows.

RULE.

Multiply twice the Product of the Radii
by the Diftance of the Radiant; divide that
Produ&t by the Sum of the Radii multiplied
by the Diftance, and twice the Produ&t of
the Radii, the Quotient will be the Diftance
of the Focus, per Theor, 34.

9. B 5~
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3. EX A MY &

Suppofe the longeft Radius be ¢o, the fhorteft §
30, and the Diftance of the Radiant 300.

Longeft Radius — — 30
Shorteft — 30

Produé 1500
Multiply by 2

3000
Dilbnesr. we il o s Saes
3

27000) 900000 (33.3
81000

QDDDU
81000

Q0000
81000

Qo0Q

Longeft Radius 3o
Shorteft — — 30

Sum — - 8o
Diftance — 300

Produ&t — 24000
3000, twice Prod, of the Radii. |

a
B

Sum e — 27000 Divifor.

Here the focal Diftance is 332, and al-
ways negative, or before the Lens.

4. CASE
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4. Case II. Of Parallel Rays. The Rule
for finding the Focus here, is the fame as for
a Double unequally Convex Lens, viz. 7o
divide twice the Produét of the Radii by their
Sum. See Chap. IV. Art, 4. But the Focus
here is always negative, as it is there always
affirmative. And confequently, fince the Rule
is the fame, if the Radii of the Concavities
and Convexities are refpectively equal, and al-
fo the Diftance of the Radiant; the.Diftance
of the Focus will alfo be equal from either
Lens.

5. Case III. Of Converging Rays. The
Rule for finding the Focus here is the very
fame as for Diverging Rays, in Chap. IV,
Art. 2. Or that above. 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 confiderable, the

Rule for finding the Focus of Diverging Rays
is as follows.

. 2.Case I. Of Diverging Rays, Plate XVI.
Scheme 1.

R E,
 Multiply the Diftance of the Radiant by

the Radius; divide that Produ& by the Sum
' | of
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Sum of the faid Diftance and Radius, the
Quotient will be the Diftance of the virsual’

Focus, always negative, per Theor. 37.
3. EX AMP LE,

Let the Diftance DE = 40 —~— 40
The Radius = CE = 10— — 10

—

400 50 Sum.
Then 50) 400 (8 == f E, the focal Diftance

400

9. Case 11. Of Parallel Rays, Scheme 2,
The virtual Focus of thefe Rays is always at
the Diftance of the Radius from the Lens, as
in a Double and equally Convex Lens, per
Theor. 38. But is here always negative, as

there it was always affirmative.

10. Cask I1I. Of Converging Rays, Scheme
. The Rule for finding the Focus of thefe
Rays is exactly the fame as that for Diverging
Rays in a Double Convex, Chap. IV, Art. 8.
And according as the Diftance of the Point d,
towards which they tend, viz. d1 is greater,
equal to, or lefs than the Radius CI, the Fo-
cus will be weirfual and negative, infinite, or
real and fz-._'g}zrmcze‘:w per Theor. 39.
11. That is, If Rays converge towards a

Point d, as in Scheme 3, beyond the Center C, |
they |










 The Theory of D1oPTRICS, 11
they will be {o refracted at the Surface GIH,
that they will proceed diverging as if it were
from the Point f, which is their wirtual Focus
and negative. If dI be = 2CI, then will
fE be = 2CE, w/z. the Diameter of the
Sphere, .

12, 'If Rays fall converging on the Surface
‘G 1H, tending to a Point f, (as in Scheme 2)
which is the Center of the Concavity, they
will be fo refracted at the Surface AE B, as
to proceed parallel, whofe Focus will there-
fore be at an znfinzte Diftance.

13. If Rays fall on the Surface GIH, con-
verging towards a Point f, whofe Diftance
fE is lefs than the Radius CE, they will be
fo refralted at the Surface A EB, as to pro-
ceed converging towards a Point D, which
- will therefore be their Focus, real and affir-
‘mative,

CHAP.




o2

C H-A<P, WIL
7o find the Focus of @ PLaNo-Con-

caVE L ENS.

1. J F a Plano-Concave Lens be expofed
with it's Concave Side to Parallel Rays,
(viz. Rays of the Sun) and the Thicknefs of
the Lens be confidered, the virtual Focus will
be at the Diftance of #wice the Radius, or
Diameter of the Sphere, leffened by 5 of the
Thicknefs of the Lens, per Theor. 41.

2. The fame Lens expofed on the Plain
Side to Parallel Rays, will have their virtual
Focus at juft the Diftance of fwice 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.

4. Case 1. Of Diverging Rays, Plate
XVIIIL. Scheme 1. The Rule for finding
the Focus of thefe Rays by a Plano-Concave

is this, viz,
RUL &
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RULE

- Multiply twice the Radius by the Diftance
f the Radiant, divide that Produ& by the
im of the faid Diftance, and twice the Ra-
dius; the Quotient is the focal Diftance, per
| Theor. 43.

5. EXAMPLE.

~ Let the Diftance DE = 50— — 50
. Twice the Radius CE = 20 —~— 20

1000 70 Sum
Then 70) 1000 (14 = fC, the focal Di-
70 ftance required,
1. vz, 1= Inch.
| 3vo
280
20

| 6. The Focus in this Cafe is always virtual
land negative ; for Rays which fall diverging
Jon this Lens are always {o refracted as to pro-
ceed ftill more diverging.

1. 7. Case II. Of Parallel Rays, Scheme 2.
he Focus of thefe Rays will be at juft twice
Length of the Radius from the Lens, as
prefented in the Scheme, per Theor. 44 or
9. That is, it will be diftant from the LEQS

H the

| B
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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 fhould be a burning
Glafs; but on the contrary, the Sun’s Rays
may, by thefe Lenfes, have their Light and
Heat leflened in any Proportion whatfoever,
8. Cask III. Of Converging Rays, Scheme
. 'The Rule for finding the Focus of thefe
Rays is Word for Word the fame with that
for Caske I, of Diverging Rays, in a Plano-
Convex Lens. See Chap. V. Art. 4. This
-will be evident by comparing Theor. 45 or 50,
with 22 or 28,

g. 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 i1s 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 Convex
Lens, finds the Focus of Converging Rays in
a Coucave 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 Quantitics in the Divifor.

11. The principal Ufe of thefe concave
Lenfes is in that Sort of Telefcopes, which we

call

/

]
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call Perfpective-Glafs, concerning which I
|| fhall treat largely in the next Part. |
l 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, &¢c. and cut in it a rouud Hole;
jiand on another Piece of Paftboard, ftrike a
Circle, whofe Diameter is juft double the Dia-
iimeter of the faid Hole ; then apply the Piece
with the Hole in it to the Lens, and hold
#ithem in the Sun-Beams, with the other Piece
{lat fuch Diftance behind, that the Light com-
Hing through the Hole may fpread or diverge,
ifo as to fill the Circle drawn there precifely ;
then is that Diftance equal to the virtual Fo-
s 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
Ifl ole, L M =— that of the Circle ; then, fince
Wil: M — 2GH, we have fK = 2fE ; and
dtherefore IK = fI =— 2 CI, the Radius of
ithe Plano-Concave, Scheme 2. Plate XVIII.

H 2 CvH AP,
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CHA P VIL
The Rules for finding the Focus of a

M:zeniscus LENS,

1. X 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. Cast 1. Of Diverging Rays, Plate XIX.
Scheme 1. *

R ULE.

Maultiply twice the Product of the Rad.im:_ |

of Convexity into that of Concavity, by the
Diftance of the Radiant; this thall be the Di=.

vidend. ‘Then multiply 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 |
Divifir, by which divide the Dividend above,
the Quotient will be the focal Diftance re-
quired, per Theor. 54.

3. E X-

i "fﬂ
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"B X'R'MPEL B

Let the Radius of Convexity CE = 15 -
The Radius of Concavity — KI = 10

Their Produ& 4 50
Multiply by - £
. CLoys
Multiply by the Diftance — DE = 40
The Dividend 12000

Then from Rad. of Convexity CE = 135
Take the Radius of Concavity KI = 10

——

. The Difference is -
Multiply by DE = 40
Produét - — 200

To that add twice the Prod. of Radii 300

The Sum is the Divifor, viz. — 500

Then 500) 12000 (24 = fE, the Di-

1000 ftance of the Fo-
cus required, viz,
2000 . 2-% loches,
2000

4. Here the Radius of Convexity exceeds

that of Concavity ; but if they are equal, then
| H - will
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will the Diftance of the Focus be equal to the
Diftance of the Radiant, and negative anc
virtual ; for the Rays will proceed with the
fame Degree of Divergency as they had when
they fell on the Glafs; for in this Cafe, all
that is effe¢ted by the convex Surface AEB,
is deftroyed by the equally concave one G 1H.
See Theor. g7. ' |

5. And univerfally, in the Cafe of Con-
verging Rays, as the Produ¢t of the Diftance
of the Radiant into the Radius of Concavity i¢
lefs, equal to, or greater than the Product of
the faid Diftance into the Radius of Convexity,
added to twice the Product of the Radii into
each other, the Focus will be negative, infinite,
or affimative.

6. Cast IL Of Paralldl Rays, Scheme
2. Every thing befides remaining as before,

the Focus of thefe Rays are found by this
{hort |

R UiE,
Divide twice the Produ& of the Radii by

their Difference, the Quotient will be the fo- |
cal Diftance fought, per Theor. 53.

" |
7.EX‘"
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| 7 B X ATMP L E

Let the Radius of Con-
vexity bé CE =
The Radius of Con- 6
cavity be K1 = b s

- Produ& ' 9o ;Diﬁ'.

2

Hete b

Twice the Produ& — 180
Then g) 180 (z0 = fE, the focal Di-
18 ftance required,

— viz. 2 Inches.
L o

8. As the Radius of Convexity is greater,
equal to, or ?/3 than the Radius of Concavity,
the Focus of thefe Rays will be negative, in-
finite, or affirmative, as is plain from the
Theory. In the laft Cafe therefore, wiz.
when the Convexity is lefs than the Concavity,
a Menzfcus Lens will become a burning Glafs.

9. Case III. Of Converging Rays, Scheme
i. The Rule for finding the Focus of thefe
| Rays is the fame as above for diverging ones ;
and as to the Nature of the Focus, it will be
negative, infinite, or affirmative, according as
ithe Produ¢t of the Diftance and Radius of
Convexity is leffer, equal to, or greater than
the Product of the Diftance into the Radius

H 4 of
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of Concavity, added to twice the Product of
the Radii into each other, per Theor. 56.

10 EXAMEPLE

Let the Radius of
Concavity KI= {'3°7 "7 15
The Radius of Con-
vexity CE = } 0.4 2 at=1 S“b-'.

e —

Produ& ; g Diff.
Multiply by — — 2 20 =dE

180
Twice Prod. of Radii 180 - - - 18 } Add
Multiply by the Di-
ftance dE = } =

The Dividend — 3600

Then 360) 3600 (10 =F I, the focal DH-
A ftance requlred ViZe

1 Inch, and the Fﬂi; '

i
11. If the Radii of Convexity and Conca=

vity are equal, the Focus of Converging Rays

will be at the Diftance of the Rad:antca:;%

affirmative; that 1s, the Rays in this

will pafs on after Refraction with the fame

DEEWE of Cﬂnvergﬂncy as they before hz.d;
per Theor. 5

360 Divifor

O aﬂirmative

J'

i 12. When
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12. When the concave Part of the -
aifcus is turned towards the Radiant, the
Rule for the Focus of Diwverging Rays is the
fame as for Converging ones, when the convex
Side is towards it, but the "Focus will here be
negative, as it was there affirmative. The
Converfe of this holds good for Converging
Rays in this Cafe. And as for Parallel Rays,
the Rule is ftill the fame as above in Art. A
ﬁnd the Focus will be affirmative or negative,
as the Radius of Concavity is greater or lefs
than that of the Convexity ; and if the Radii
are equal, the Focus will be infinite, or the

| Rays will ftill proceed on parallel.

CHAF.



|
|
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CH st ok

The Rules which determine the Diffance of an
Object that fhall bear any affigned Proportion 1
to 1t's Image formed by a ConvEx LENSs.

1. [N Plate XX, FG is a double and equally
convex Lens, C the Center, CE the Ra- |
dius, CE A the Axis, O B an Objeét 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 Objeét
fhall be placed, that it may bear the fame Pro-
portion to it’s Image, as 40 to 10; this is the

R UL Rk

Add together the Numbers expreffing the
Object and it’s Image, multiply their Sum by
the Radius of the Lens; divide that Product by
the Image, the Quotient will be the Diftance
of the Obje& required, per Theor. 1. Chap. I, |

g. B X AN P )L

The Obje&t is — — 40
The Image — — 1o

Their Sum is — — 5o
Let the Radius CE = 10
Then 10) 500(50 = E A, the
5o  Diftance of the
—— Obje&, o1z, §
:'9 Inches.

3. EXs |
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;s EXAMPLE IL

Suppofe I have a double and equally convex

Lens, the Radius being 35, and I would have

an Image formed in Proportion to the Objedt,
as 15 to 275; Query at what Diftance the
Object mufit be placed ?

The Obje&t 1s — 275
The Image is — 15

~ Their Sum is — 290
Mult. by the Radius 35

1450
370

Divide by 15) 10150 (676, the Diftance
go  of the Objet, v:2.
67 4 Inches, and

I15 g little more.
10§

100
gﬂ‘
10
+ EXRAMPILE II

Suppofe I would have an Image equal to
the Object; Query the Diftance of the Ob-

je¢t? In this Cafe the Objet muft be placed

at the Diftance of twice the Radius of the
| Lens,
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Lens, per Theor. 17. And then will the Di-
fance of the Image be the fame alfo, per
Art. 6, Chap. II. This Problem of making an
Tmage juft as large as the Life, may be found
very ufeful to Painters, Defigners, &¢c. on ma-
ny Occafions, as will appear farther on. |

;. EXAMPLE IV,

Suppofe I would have an Obje& magnified
in Proportion 15 to 150, that is, of 1 to 19,
by a Lens of 3 Inches Radius. Then may

the Diftance of the Radiant or Objeé be found
in the Manner as above. Thus.

The Obje® e — 13
The Image — — 150

Their Sum — — 163
Multiply by Radius 35

825
495 |

Divide by 150) 5775 (38.5, the Diftance
450 of the Objedt,
Vi, 355 Inches

100

1275
1200 I

759
g

Famm

. —

£ sl

6. E X+ |
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6, EXAMPLE.Y,

Let there be a fmall double Convex, whofe
Radius is g, or 4 of an Inch, and let it be re-
quired to find at what Diftance an Object
muft be placed, that it’s Image may be 6 times

larger than itfelf; proceed as above, Thus.

The Objelt is — 1
The Imageis =— 6

Their Sum is =— — 7
Multiply by Radius 83

Divide by 6) 35(5.8, the Diftance re-

30 quired, ©viz. <5
of an Inch.
50
48
2

7. Thefe Examples are fufficient to fhew,
that any Object may be magnified or dimi-
nifhed in any given Proportion by a convex
Lens, with an afirmative Focus, v7z. on the
other Side of the Lens. That is, the Image
will be leffer, equal to, or greater than the
Object, according as the Diftance of the Ob-
ject is greater, equal to, or leffer than twice
the Radius of the Lens,

8. The fame Rule holds good for a Plans-
Convex Lens, only with this Difference, th}::.t

ihe



-
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the Diftance of the Object will be always
twice as great as for a Double Convex of the
fame Radius. Thus an Obje& is diminifhed,
made equal to the Life, or magnified, accord-
ing as it is placed at a Diftance greater, equal
to, or lefs 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.
g. If the Image be required on the fame

Side with the Object, the Theorem which
finds the Diftance of the Obje&t for an af-
figned Proportion between it and it’s Image,
is thus exprefled in Words.

R UL E.

From the Image take the Object, multi-
ply the Difference by the Radius ; divide that
Product by the Image, the Quotient is the
Diftance required, per Theor. 16.

10. From the Rule it is evident the Image
muft, in this Cafe, be always greater than the
Object, which therefore cannot be diminifhed
at a negative Focus, nor ever equal to it’s |
Image, but at the Vertex of the Lens. '

11. E X-
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1.  EXAMPBLE.

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

je& for that Purpofe. Proceed thus accord-
- ing to the Rule.

From the Image — 5o
. Take the Objet — 10

e

' The Differerence is 40
~ Multiply by Radius 40

Divide by-50) 1600 (32 = the Diftance
150 of the Object re-

_ quired, vz, 35

l. 101005 L Tnches,

100

12. The Diftance of the Object 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 Refpect alfo, every thing is the

fame in a Plano-Convex, but the Diftance of

the Object ; which is, for the fame Data, al-

ways double to that for a double Convex of

equal Radii,
< 14. The
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14. The Object hitherto confidered is fup-
pofed to be a Liune, or fimple Length of any
thing; if the Superficies of any Obje&t be
confidered that will be altered in a duplicate
Proportion of the Length or Breadth ; that is;
according to the Square thereof : Thus if the
Length of an Object be magnified or dimi-
nithed 2, 3, 4, §, &c. times; the Superficies
of that Obje&t will be magnified or diminifhed

4, 9, 16, or 25 times, becaufe thefe Numbers

are the Squares of the others. ,

15. But I fhall give a Rule that will find
at what Diftance an Object muft be placed,
that it’s Surface fhall bear any affigned Pro-
portion to the Surface of the Image; and is

as follows, __
R.UL.E.

Divide the Obje@ by the Image, and mul-
tiply the Quotient by the Square of the Ra-
dius ; and to the fquare Root of that Product
add the Radius; the Sum is the Diftance of
the Object required, per Theor. 2.

16 EXAMPLE.

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

that Purpofe. Proceed thus by the Rule.
Image

|
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10) 1000 (roo Quotient,

|
|| Image Obje&
I 100 goo = Radius Square.

** "0 90000 (300 = Square Root.
30
330 = Dift. fﬂught.

17. Hence it appears, that if an Obje be
i placed 33 Inches from the Lens, the Surface
{lof the Image will be an 100 times lefs than
fit's own. If this Obje&t were a Circle or a
I Square, the Diameter of the Circle or Side of
tithe Square would be 10 times lefs in the
) Image than in the Object at that Diftance,

i1 18. By Theor. 3. we have a Rule for the
Diftance of Objects for any affigned Propor-
tition of the Solidities or Bulks; and is as

RULE

Divide the Object by the Image, multiply
e Quotient by the Cube of Radius; to the
4Bquare Root of that Produc add the Ra-
ttius, the Sum is the Diftance of the Obje&
irequired.
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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 theq
Image 10000 to 10; the Diftance of the Ob-4
Ject 1s found as per Rule.

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

9000000 ( 300 Cube Root.
30 = Radius.

20. Here agaimn the Diftance is the fame a
before, wiz. 33 Inches. At that Diftan
therefore the Length of an Obje& will be di
minifhed 10 times, the Superficies an 10
times, and the Solidity 1000 times, which i
according to the Simple Square and Cubic Pr
portion, as it fhould be by the geometric
Dodrine of Menfuration. But enough o
thefe Matters, which are of more Speculati
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 conve
Lens is found by the following Raule.

R U.ds
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RULE.

Multiply the Diftance of the Obje& by the
Image ; divide that Produ& by the Sum of the
Object and Image; the Quotient is the Ra-
dius fought, per Theor, zo. |

= = S

o B X A-M P L B,

. Let the Diftance of the Object be 330, the
|')l Proportion of the Object to the Image that of
100 to 10, or 10 to I.

Then multiply the Diftance 330
By the Image 10

The Produt = — — 3300
Divide by theSum of e,
the Objec and Image (' 1901390 (3DR_ the
; adius
B ggpia i
ought,
A )R
Inches. See Art. 17.

23. ¥or a Plano-Convex the Radius will be
i found juft balf as long, becaufe you muft then
divide by twice the Sum of the Object and
Image, per Theor. 21.

24. 1f the Diftance of the Obje&, and Ra-
dius of the fame Lens be known, the Pro-
portion of the Object to the Image is then
known by the following
: 12 A N A-
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AN A LG X,

~ As the Diftance leflened by the Radius, i
‘to the Radius;
So is the Object to the Image, per Theor. 24

25 E RXA'MTE L ¥S

Let the Diftance of the Objet be 330, th

Radius 30; then the Diftance leflened by th
Radius is 300 ; and therefore as 300 is to th
Radius 30, fo is the Object to the Image,
but 300 is 10 times greater than 30, therefo
the Object is 10 times larger than the Image
For a Plano-Convex, inftead of Radius yo
muft take the Diameter, or double Radius
per Theor. 21.
- 26. It 1s evident from the Scheme, that th
Object feen at an affirmative Focus is zzverted,,
but at a negative Focus it will appear in it’s
proper Pofition; the Reafon of which wa
made plain in the Theory, and thefe are the
‘principal Properties of Convex Lenfes.
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The Rules which determine the Diftance
of an Objelt for any affigned Pro-
portion between it and it's Image,
formed by a Double-Concave, Plano-
Concave, and a Menifcus Lens.

| 1. F ROM the Theory it appears,. that
Diverging and Parallel Rays can have
no affirmative Focus in a Double or Plano-
Concave Lens. Therefore all Objects 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-
if ftance of the Obje& that fhall bear an affigned
il Proportion to it’s Image formed by a double
and equally concave Lens, as that in Plate XXI,
18 as follows.

R L. E.

From the Object fubftract the Image, mul-
i tiply the Remainder by the Radius ; divide that
Produ&@ by the Image, the Quotient is the
Diftance required, per Theor. 7.

32, EXAMPLE.

1| Let it be required to find the Diftance of
‘lan Obje¢t that fhall be in Proportion to it’s
: I3 Image,
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Image, as 40 to 10, by an equal and double {
concave Lens, whofe Radius is 10, or 1 Inch. .

The Object 1s — — 40 = OB
Subftract the Image 10 = IM

Remainder — --_3:

Multiply by Radius 10 = CE

300

Then 10) 300 (30 = A E the Diftance {
30 fought, vz, 3 Inches. .

[ T o

4. In a Plano-Concave all other things re-.
maining the fame, the Diftance will be twice :
as great, by Theor. 10. |

5. If you would find the Superficies or So- -
lidity of an Obje& diretly, the Rules are the
fame as in Chap. X. Art. 15and 18, only as
there you added the Radius to the Square and

Cube Root, here you muft jfubfiralt it. Sece
Theor. 8 and g.

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 Object and Image is alfo known by this

ANALOGTY.

As the Diftance added to the Radius, is tﬂH
the Radius ;

So is the Obje&t to the Image.

o EX-.
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7. EXAMPLE.

Suppofe the Diftance AE = 30, and the
Radius CE = 10; then will the Objet be
to the Image, as 30 added to 10, viz. 40 to
10, or as 4 to 1; that is, it will be 4 times as
large. 1n Plano-Concaves you muft ufe zwice
the Radius, thus. ‘

8. As the Diftance added to twice the Ra-
dius, is to twice the Radius ;
- So is the Object to the Image. Theor. 27.

9. In Double and Plano-Concaves it appears,

| both from the Theory and the Scheme, that the

Image will always be /efs than the Object,
on the fame Side with itfelf; eref?, or in the

| fame Pofition; and ever between the Lens and

2t's Center C; till the Diftance of the Obje&
become infinite, and then the Image will be
formed in the very Center, as that of the Sun,
and all vaftly diftant Objects, is feen to be;
and thefe are the chief Properties of Concave
Lenjes.

“10. A Meni1scus Lens, whofe Radii of
Convexity and Concavity are unequal, and be-
ing expofed on the convex Side to the Objed,
will magnify or diminifh an Object in any af-
fignable Degree, at an affirmative Focus ; pro-

fvided the Radius of Concavity exceeds the

Radius of Convexity, This is evident from
‘g I 4 Theor.
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Theor. 13, which gives the following Rule for
the Diftance of the Obje&, wviz.

R UL E,

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

iy R XA P L. BT

Let the Radius of Convexity be 10, the Ra«
dius of Concavity 25, and the Proportion of
the Object to the Image, as 4 to 1.

Then{25"_25 Object 4
10 — == IO Image 1
Produ&t 250 T;Dif?. Sum ;5
2
500
5 f
15) 2500 (166 the Diftance fought, viz, |
15 16 & Inches,
100
9o |

100 ‘




|

|

L
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. EX A M P LB IL

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

20 =25 Object 1
sien { Ig-—-—-—- 10 - Image 4
~ Product 250 ) &= EHIE Sum g
2 4 = Image
g;; 6o
5
60) 2500 (41 = the Diftance rt':ql:dn':d:;Ir
240 viz, 4+ Inches.
100
6o
40

13- B XA MP LE ]I

Let it be required to have the Object and
Image equal by the fame Lens. Then 4
times the Produ¢t of the Radii divided by

their Difference, gives the Diftance of the
Object, thus;

%5
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25 — — 25
10 — — 10
Product ;5—0 15
4_ #
15) 1000 (66 = the Diftance, vrz. 65
9o Inches.
100
9o
10

14. If the concave Side be turned to the
Object, and the Image required at an affirmative
Focus, the Rule is ftill the fame, fave only that
in this Cafe, 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€t, and the Image required at a negative
Focus; then you muft multiply with the Dzf-
Jerence of the Obje@ and Image inftead of
their Sum; and if the Radius of Convexity be
greateff, the Obje&t cannot be magnified; if
leaft, it can’t be diminifhed. |

16. But if the concave Side be towards the
Object for a negative Focus, then if the Ra-
dius of Concavity be greateff, the Obje& can- |
not be magnified; nor diminifbed, if it be |

leaft,
e 17. 1
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If the Radii of the Surfaces are equal,
fhe Menifcus can neither magnify or diminith
an Object, as appears by Theor. 15. Be-
caufe, in that Cafe, all that is effected by one
Surface is deﬁmyed by the other.

18. An Object appears eret at a negative
Focus, and inverfed at an affirmative one,
And thefe are the chief Properties of Menifcus
- Lenfes.
* 19. A Prain Lens, or Piece of Glafs,
both whofe Surfaces are perfe&]y plam, wﬂl
magmfy an Object in proportion to it’s Thick=-
nefs, according to the following

AN ATE OG X,

As the Diftance of the Objec, is to the
faid Diftance increafed by two Thirds of the
Thicknefs;

So is the Objett to it’s Imege.
a9, FEx XM TP L E.

|| Suppofe a Piece of Glafs be % of an Inch
il thick, then will an Objeét at one Inch Di-
ftance be to it’s Image feen through the Glafs,
as 10 to 12, 1n Length, in Surfaces as 100 to
144, and in Bulk or Solidity as 1000 to 1728.

PA'R- T
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¥ ARG STHE

Of DiopTric Inftruments and
Machines.

L HA Fo oL

Of the Strutture of the Eye; and how
Vifion is performed thereby.

1. HE Defcription of the Eye, I here

intend, is rather Optical than Anato-
mical ; as taking Notice of thofe Parts only
which regard 7z/ion, and aflit 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,

3. The Coats or Teguments of the Eye are
the external Parts which contain the Humours,
and are 1n Number 6, viz. The Conjunitiva, |
Sclerotica, Cornea, Choroides, Uvea, and Retina.

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

5. The Sclerotica is the firft or outmoft of
. the proper Coats of the Eye reprefented by
AEDB, Fig. 1. This Coat is thick, hard,
and {mooth, 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 Choroides 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 Hole,
@iz, 1L, called Pupilla, or the Pupil of the
Eye, by which the Light has admittance to
the internal Subftance of the Eye.

- 9. This Iris is of a round Form, 1s com-
pofed of two Orders of Fibres, one Circular,
the other Strait, tending towards the Center
of the Pup:il, like Radii towards the Cen-
ter of a Circle. By means of thefe Fibres,
the Pupil is enlarged or contracted according
as greater or lefler Light is required.

10, The Retina is not properly a Coat of
the Eye, being only a fine Expanfion of the
; R Optic
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Optic Nerve over the Bottom of the Eye,
nearly oppofite to the Puapil.  On this delicate
Membrane are painted the Images of Objeéts |
formed by the Cryfalline Humour. It's Re-
prefentation is at §, §, S.

11. The Humours of the Eye are three;
the aqueous or watery Humour, the Gryflalline,
and the wvitreous 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 Q Q Q.

12. The Cryftalline Humour lies next the
Agueous behind the Uvea, oppofite to the Pu-
pil; seprefented 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 conneéted to, and
fufpended by the Ligamentum Ciliare M N,
M N, on the third Humour, called

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

14. Thefe are conftituent Parts of the Eye;
the Ufes whereof, with regard to Vifion, I
{hall now more particularly defcribe. But fhall

fieft premife, that clear and diftinét 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-
terminate Focus, whereas the Focus of Di-
verging Rays is as various as the Diftances of
Objets, and therefore can’t produce Vifion in
a Machine of a fixed and determinate Form
and Pofition, as that of the Eye is well known
to be.

15. Now in order that Rays, which pro-
ceed from near Objeéts, may be nearly Pa-
rallel, that they might render fuch Objeéts
diftinctly vifible, it was neceflary that the A-
perture of the Eye, by which they were to be
received, fhould be very {mall, that fo the
Bafe of a Cone of Rays, proceeding from any
Point in fuch an Object, bcintg 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 Cy/inder of
Rays; or, which is the fame thing, their Di-
wergency 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 refpect 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 ;i
'. an
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and therefore may be efteemed as fuch, and!
will produce diftinét Vifion.

17. But were the Point O nearer to th
Pupil CD, or if the Pupil were larger, i
either Cafe, the Rays would fall more diverg
ing on the Eye, and the Images of Obje
would be formed at a Point beyond the Bot-
tom of the Eye ; and {o their Pi¢tures on thed
Retina would be very imperfect, and confe--
quently Vifion would be very indiftinét and|
confufed.

18. Hence it appears why we can never fee
any thing diftinétly at a lefs Diftance than.
about fix Inches by the bare Eye; and alfo
why Objeéts at all confiderable Diftances, ap--
pear diftin¢t and perfeét: But all vaftly di-
ftant Obje&ts appear both izdiftinét and ob-
Jeure. ‘They appear iadifiinéé, becaufe their
Images in the Bottom of the Eye are fo ex-
tremely fmall, that the Diftinction of Parts 18
imperceptible to the Mind it {elf, all the Parts
taken together making as it were but one
phyfical Point. Thus if a Man of 6 Foot
Stature were to be viewed at the Diftance of
a Mile, his Image on the Retina would be but
the thoufandth Part of an Inch in Length ; no
_ wonder then if his Eyes, Nofe, Mouth, &e.
appear indifcernible in a PiCure of fuch ex-
treme Miniature.

19. They appear more or lels obfeure, 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 the Medium, than thofe
~ at a {mall one; and therefore the Rays, by a
greater Refration, will be much more effete,
and produce a more obfcure Vifion in the for-
mer than in the latter Cafe.

20. Again, it is well known, that all Ob-
jects appear bright or obfcure, according to the
Degree or Quantity of Light with which they
are illuminated ; thus diftant Objects, 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 Nature
takes in effecting Vifion by the Eye; and how
every Part is made {ubfervient to fo noble a
Purpofe and Service.

- 22, Suppofe then CD were parallel Rays,

falling on the Eye at AB, Fig. 3. The A-
queous Humour Q _being about the fame Den-
fity with Water, and of a Convex Surface, by
‘means of the Cornea AB, 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 Theorem in Chap. I. Art. 6. of
art II.

23. But the Point F being beyond the Bot-
tom of the Eye, makes it neceflary that fome
ther Body, of greater Denfity, fhould be in-
erpofed in Form of a Convex Lens, to ga-

her them to a Point nearer the Eye, and yet
' | K a little
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a little beyond it 5 and this is effeCted by the
Cryfalline Humour N N.

24. 1 faid a little beyond the Eye, becaufe
Nature determining the Eye to be of a globous :
Form, and for that Purpofe having filled all .
the hinder Part with a Medium RR, of a
lefs Denfity than the other Medium N N, and
of a Concave Surface where it received the
Rays, the Ray muft neceffarily be ftill more:
converged by this Medium, which is the Vi-
treous or Glafly Humour ; and therefore had
the Cryflalline Humour thrown the Rays juff
on the Bottom of the Eye, the Vitreous Humour
muft have converged them to a Point be-
hither it; and fo would have made the Vifion
indiftin¢t and confufed.

2¢. The Denfity of the Vitreous Humour
therefore is fuch, that the Rays are united at
the Bottonx of the Eye, on the Point 5, where
they paint the Image of the Obje& on the
Retina, and in that Cafe only, produce ds
finél Vifion,

26. Since with Regard to Objects at diffe
rent Diftances, thofe which are neareft will
have their Foci, at a farther Diftance fro
the Cryftalline Humour, than thofe which a
farther off’; therefore a Power is given to t
Eye to alter the Form of the Cry{talline H
mour, viz. To render it more or lefs Co
vex, by the Mufcular Contraétion and Re
tion of the Ligamentum Ciliare, to which i
is connelted, which allo muft occafion

grea
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greater or leffer Concavity in the Vitreous Hu-
mour ; by which means the focal Diffance is
leflened for near Objects, and enlarged for
thofe farther off, and is {o nicely adjuftable to
the Retina, for all Diftances of Objeéts, that
their Images are all exallly painted thereon,
in a natural or good Contftitution of the Eye.

27. In the laft Place, it has 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 Iri¢; on this Ac-
count, if Bodies be fituated far diftant, the
Pupil being dilated rececives Rays more di-
verging, and in a greater Quantity, and there-
fore fuch ‘ObjeCts appear more diftinéf and
enlightened.

28. On the other hand, if Obje@s are fi-
tuated wery mear, or are extremely bright; the
Pupil is contracted, and takes in only the leaft
divergent Rays, fo that the Objects are more
diftin¢t; and, at the fame Time, the extreme
Brightnefs is diminifhed, fo as not to be of-
fenfive to the Eyes. -
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C-H Pk

Of the Pofition of the Image in the
Eye; of the apparent Magnitude of |
Objelts.

AVING fully ﬂxplaincd the Na-

ture of Convex Lenfes, and alfo
largely fthewn that Vifion is perfnrmed in the
Eye by Refraction through the Cryflalline Hu=
mour principally, which bears the Form of |
fuch a Lens, it muft needs be very eafy to
conceive, that the Images of all Ob‘]e&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¢t Pofition befure
the Eye CD then will the Pencil of Rays |
OEIF, paint the Extremity O in the Point I,
and the Pencil BFME, 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 Objet O B. Again, fince the Axis of the
Pencils of Rays crofs each other in the Pupil;,
which is their common Bafe, the Image muﬁ

neceflarily
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neceflarily be painted in an znzverfe Pofition, in
the Bottom of the Eye.

3. Here conftantly occurs the Quetftion,
How 1t comes to pafs, fince the Images of all
Obyjets are painted in the Eye invertedly, that
e fee them ereft? To this feveral Anfwers are
given, but unfatisfactory; I can think of no
better way to account for this Paradox, than
as follows.

4. 1f we fuppofe an Eye viewing the Point
I, in the Image in the Direction 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 fucceflive Application
of the Eye to every Point of the Image, the
whole Image I M will be referred to, and
confidered in the Obje¢t OB. If therefore
we conceive the Mind to be all Eye, capable
at once of viewing every Point in the Image
in it’s requifite Direétions, it muft neceflarily
refer the Image in the Eye to the Object
without it, which alfo will neceffarily caufe a
- Change of the Pofition; and therefore the
' Image, though snverted in the Eye, will be
' viewed and contemplated by the Mind in an
' ereft Pofition in the Object. .

5. We now proceed to confider the zppaa
rent Magnitude of Objects; which here thall
‘be that of a Line, viz. it’s Length. In Fig. s.
Let AB be an Object viewed dire&ly by the
: 5] Eye
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Eye QR: From each Extremity A and B,
draw the Lines AN and BM, interfeting
each other in the Cryftalline Humour in I,
bife@ AB in K, and draw IK; then is the
Angle AIK, half the optic Angle AIB,
which is the Meafure of the apparent Magni-
tude or Length of the Obje AB.

6. Diverfe Objeils AB, CD, EF, wbhofe
real Magnitudes are very unequal, may be fi-
tuated at fuch Diflances from the Eye, as to
bave their apparent Magnitudes all equal. For
if they are fo fituated that the Rays AN,
B M, fhall touch the Extremisies of each, they
will then all appear under the fame optic An-
gle ATK, 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
equal Magnitude.

7. Objeéls fituated at different Diflances, di-
rect to the Eye, whofe apparent Magnitudes are
equal, are to each other, as their Diftances from
the Eye direffly. Let the Objeéts be A B and
CD, then becaufe the Right-angled Triangles
CIL, and A1K, are fimilar, it will be, as
IK:IL::AK:CL; but AK 15 half AB
and CL half CD; therefore it will be, as
IK+I L5t A B G .

8. Objeéts of equal Magnitude, fituated di- |
rectly before the Eye at unequal Diflances, will |
apfear uncqual, For let AB and GH be two |
Objects direcily before the Eye at different |

| Diftances |
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Diftances 1K and IS; draw the Lines G P
and HO crofling each other in I1; then is the
optic Angle G I1H, manifeftly greater than the
Angle AlIB, and the Image OP made by the
| former greater than the Image M N made
| by the latter. Therefore the Obje&@ GH, is
apparently greater than the Object A H, tho’
it is but equal to it
9. Egual Objects fituated directly before the
Eye at unequal Diffances, have their apparent
Muagnitudes reciprocally proportional to their
Diftances. For let AB, GH, be two equal
Objects at unequal Diftances IK IS, from
the Eye produce I1G and IH till thcy inter-
fet A B, each way produced in T and V.,
Then will TV be the apparent Magnitude of
G H, at the Diftance I K. Since the Trian-
gles ISG and IK T are fimilar, we fhall have
IS:IK::SG:KT; but SG is equal to AK;
therefore it will be IS: IK:: AK: KT.
jo. From what has been faid it appears,
that there is mo Standard of the true Magni-
tude of Things. All that we can be fenﬁble
of is the Proportion of nitude. And y
- notwithftanding the feué.blc Magmtude uf
things is ever mutable, and varies in propor-
‘tion to the Diftance, we fearcely 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.

K 4 11. Thus
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11. Thus for Inftance. Suppofe two Men
of fix Feet Stature each, ftand direétly before
a Perfon, one at the Diftance of one Rod, the
other at the Diftance of an 100. We {hould,
indeed, obferve.a Difference in their apparent
Bignefs, but fhould hardly think one appear-
ed an 100 times greater or lefler than the
other ; or that one appeared 6 Feet high, the
other not # of an Inch.

12. But this happens from our Prenotions,
or Judgment, that we have beforehand form-
ed of things. We know the Proportions of
Magnitudes in general, and are apt to retain
the Ideas of things we know to be true ; and
to prefer them to others which are prefented
by the Senfes, and exift there only, and not
in the true Relations of things.

C H A"F§|
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GCH AR HIL

Of the Faults or Defells of Vifion, and
how they are remedied by Convex and

Concave Lenfes in Spettacles.

1. § T bas been already fthewn, that in order

to effe@ perfect and diftinét Vifion, the
Images of Objelts are to be painted precifely
on the Retina, in the Fund of the Eye, and
that by Rays which are either parallel, or
nearly fo, 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 Objelts are formed, will
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-
ftin& and confufed.

3. This Imperfection of Vifion is, in a
great Meafure, remedied by the Succours of
Ast: For if, by a vicious Formation of the
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'wtsie? Eye, the Focus be made to fall on this or on

F.

¥
e

i

!

v i~ that Side the Retina, yet Glafles may be forms

ed to fuch a Degree of Convexity or Conca-
vity, that upon applying them to the Eye,

*;;’ __the Focus fhall be truly adjufted to the Re-
. .. #ina, and thereby caufe diftint Vifion.

I{-i

g AT

4. Thos fuppofe the Cornea CD, (See
Fig. 6.) or the Cryftalline EF, or both, thould
chance to be 2o flaz, either from Nature, or
(what is moft common) from a Deficiency of |
the Aqueous Humours through Age, in Prej
byte, or Old Men, fo that the Rays which
proceed from any Point A, are made to
converge at a Point a, beyond the Eye, and
thus caufe a confufed and imperfe& Vifion;
I fay, this Imperfection is cured, in a good
Meafure, by Convex Lenfes in Spectacles.

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 ont
a Convex Lens G H, are thereby made to
Euc&ed lefs diverging than before. (2.) Thofe

ays which are lefs diverging, 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 /fs 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 may be

¥ fuch,
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fuch, that the Point b fhall be precifely on
‘the Retina, and fo caufe diftint Vifion.

6. For this Reafon Prefbyte, or old People,
always make ufe of Lenfes more or lefs convex
in their Speétacles, as their Eyes are flatter
or rounder. And here it is to be obferved,
that Objelis appear brighter, as well as more
diftin&, by means of Convex Lenfes; for as
much as they bring the Diverging Rays nearer
together, fome which otherwife would have
fallen without the Pupil, will now be brought
within the Compafs thereof, and fo a greater
Quantity of Rays entering the Eye, the Ob-
je& will appear more bright.

7. Again, we farther obferve, that Objelts
feen by Spetacles of Convex Lenfes, appear to
be more diftant than they really are. For the
Rays which come from the Point A, being
by the Lens GH made to proceed lefs di-
verging, they will appear to come from the
‘Point B, which is farther oft, 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 older Men grow, the more they lofe a
diftin& Vifion of near Objeéts; fo that very
flat Eyes can fee only diftant Obje&s without
Confufion: For when in Youth the Eye was
o convex, as to form an Image of nigh Ob-
jects on the Retina, in Age that Convexity of
‘the Eye diminifhing, will caufe the Imaga%
L. (V13
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of the fame Objeéts to be painted at a Focu
farther from or behind the Refina; and thofs
Objecis only which are at a great Diftance
wiil have their focal Diftance fhort enough t
fall on the Retina ; and fo thefe only ca
produce dzftinét Vifion.

9. On the other hand, if the Cornea CD;
or Cryftalline EF, or both, (See Fig. 7.)
more convex than juft, the Rays which pr
ceed from a Point A, will be made to con:
verge too foon; that is, to a Point a, whic
15 between the Cryftal Lens EF, and the Re:
tina; and therefore muft needs produce a
wnfz; ed Vifion. A Perfon who hath thefe
Eyes, is called Myops, i. e. Moufe-ey’d ; but
hf: is vulgarly faid to be purblind, or fhort-
Jighted.

1o. He is with good Reafon faid to be
Short-fighted ; for fince all diftant Objeéts have
the fhorteft focal Diftances, and fo have their
Images formed fhort of the Refina, they muft
needs appear indiftinct and confufed. T here-.
fore only thofe Objeéts, which are at a fhort
or near Diftance, can produce diftinét Vifions
and that they do by having a longer focal Di-:
ftance, and fo reach the Retina before their!
Images are formed. 1

11. A Myops hath his ImperfeGion of Sight
greatly relleved by Concave Lenfés.: For fince
Rays, which fall divergent on fuch a Lens,,
are made to diverge the more by Refraction
through it; therefore the Rays which :}nn‘t

rom
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from any diftant Object A, in pafling through

the Concave Lens G H, are made to fall more
diverging on the Eye CD, and feem to pro-
ceed from a Point B, much nearer the Eye
than the real Point A. Since therefore the
Radiant Point is brought nearer to the Eye,

(it's Focus in the Eye will be removed farther

from the Lens EF, and fuch Glafles may be

chofen as fhall exaly throw the Focus on
the Retina at b, and there produce diffinc?

Vifion.

. 12. From hence we obferve, that Myops,
or purblind People, ufing Spectacles with Con-
cave Lenfes, (1.) Do behold things at 2 nearer

Diftance than they are. (2.) That Objeés ap-

pear lefs bright to them; for the Rays being
{pread wider by the Lens, they cannot enter the
Pupil in fo great a anntity as otherwife, and
fo the Object cannot be fo much Enhghtened
(3.) Their Eyes are amended, and made better
Age, contrary to what happens to all other
People. For as the Fault of their Eyes pro-

4 ceeds from a too great Protuberance of the

Cornea, and Cryfialline Humour ; {o this and
the Aqueous Humour leflening by Age, di-
minithes the Convexity of the Eyes by De-
grees, and renders them capable of viewing
dlﬁant Objeéts better and better,

CHAP.
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C.HAZY. IV,

Of the Camera Oblcura, or darkened
Chamber, and the Inflruments per-
taining theretos by which Means the
Images, or Pitures of external Ob-
jects, are curioufly painted in thewr
natural Colours and Motions.

HE Words Camera Obfcura, literally
interpreted, is a darkened V;zr;ff or
Roof ; and from thence it came (with a little
Difterence) to fignify a Chamber, or Box, or
any Place made dark for Oprsz Exparsznf:.
2. The Camera Obfcura is, tho' a fimple,
yet a very curious and noble Cnntrwance ; 1
as much as it moft clearly and paturally ex-
plains the Nature and Manner of Vifion in
the Eye, and, at the fame Time, entertains
the Spectator with a moft exquifite Picture of
the Obje&s without, in their natural Propor-
tions, Colours, and Metion, more vivid and
beautlful than the Life it ff:lf filling the B‘e—
holder with Delight and Surprlze
3. The Way of making a dark CbamM

19 very eafy, and not expenfive, and is®
fal.luvfl.
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follows. The Chamber or Room propofed to
be darkened, fhould have Window-Shuts to
each Window, which being clofc fhut, thould
be fo true to the Frame, as to exclude all
| Light poffible.

4. In one of the Window-Shuts there is to
be a circular Hole cut, about 3 or 4 Inches
IDiameter, in fuch a Part thereof, as is judged
imoft convenient, and capable of taking in a
good View or Profpect of external Objects.

. In this Hole is placed an Initrument
|called a Scioptric Ball, which hath three Parts,
"uiz. A Frame, a Ball, and a Lens. The
{Frame confifteth of two circular Pieces of
W ood, made fpherically hollow through the
imiddle, and fcrew into each other. In this hol-
\low Part i placed a fpherical Ball of Waod, con-
-tained by the two Parts of the Frame f{crewed
i together, and is voluble therein more or lefs
cgﬁly, as the two Parts of the Frame are
:ﬁ:rewed lefs or more tight together. In this
Ball is a circular Hole made thro’ the middle,
which hath a Screw at each End, in which

is placed and fixed a Lens, either a Double or.
\ Plano-Convex.

6. The Scioptric Ball of this Struure, is
‘a Sort of Arffﬁffaf Bye, which very aptly re-
| prefents the Natural Eye in Form and Office.
For (1.) The Frame or Socket anf{wers to the
WOrbit of the Natural Eye. (2.) The Wooden
| Ball, which turns every Way in the Frame,
lizefembles the Globe of the Eye voluble every
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Way in it’s Orbit. (3.) The Hole through
the Wooden Ball, reprefents the Pupil of th
Eye. (4.) The Convex Lens in the Ball, cor:
refponds to the Cryffalline Humour in the Eye
(5.) The Dark Chamber it felf, is like to th
internal Part of the Eye, which is lined al
about, and under the Retina, with a Mem
brane, over all which is {pread a Mucus of 2
very black Colour. (6.) The White Wall, o
Frame of white Paper to receive the Picture
of Objeéts on in a dark Chamber, is the true
Reprefentation of the Retina in the Eye.

7. So that the Structure of the Scioptric
Ball and the Eye is perfe@ly fimilar; and t
fame Agreement will be found in the Ofh
of every Part of each. For (1.) The Fra
of the Scioptric Ball is {crewed or tacked u
on the Hole in the Window-Shut, as the Ey
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,
the Eye is in it’s Orbit. (3.) The Hole i
the Ball 1s, for the Admiflion of a compet
Quantity of Rays, as is the Pupil in the Eye.,.
(4.) The Lens in the Ball colleéts the Rays,
and unites them at it’s focal Diftance, wh
it makes a Picture of the external Object placed
before it ; which is the Office of the Cryftal-
line Humour in the Eye. (5.) The whitel
Wall or Paper, held in the Focus of the Lens
in the Chamber, is to receive and fhew the
faid Picture of Objects to Spectators; as thel

Retina
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‘Retina prefents to the Mind a View of the
Picture 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 dlack.
- diming.

8. I fhall give an Illuftration of this Matter
1n 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 Profpet
or Landikip 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 refpe&ive Foc7, on the oppofite Wall or
Side of the Chamber GH, where they all to-
gether paint a moft lively and beautiful Pic-
i ture of all the Obje&s in the faid Profpect.

\ 9. This is Nature’s Art of Painting, and
it is with Eafe obferved, how infinitely fupe-
Irior this is to the fineft Performance of the
\Pencil. For, (1.) You have here the Per-
fpective in Perfeltion ; that is, the juft Dimi-
nution of Obje&s proportionate to the Diftan-~
ces, or the Proportion of the Images to the
ﬁfpe&we apparent Magnitudes of the Objects
0 an Eyeat V. (2.) The Colouring is here
=,r tfe@ly juft and natural; and not only that,

ibut very much hf:lghtencd and rendered more
I L beautiful ;
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beautiful ; thus green Objeés appear more in= |
tenfely green in the Picure; yellow, red, blue,
or white Flowers, appear mccmparabiy more |
beautifully fo in the Pic¢ture. (3.) The Lights
and Shadows are not only perfectly juft, but :
alfo greatly heightened, and make the Images
-appear extremely prominent and natural. (4.1)1
The Motions of all the Objeéts are exactly ex- |
prefled in the Pi¢ture; the Leaves guiver, the
Boughs wave, the Birds fy, the People awalk,
the Cart is drawn, the Smoke afcends, the
Clouds foar, the Ships fail, &ec. and all as
natural as the Life, and much quicker, as it
is performed in a lefler Scene.

10. Thefe are the inimitable Perfe@ions d 1
a Picture drawn by Nature’s Hand ; in Com-
parifon of which, how mean, h{}W marﬁ,
how zmperfeit, yea, what forry daubln is the
fineft artificial Painting! Secle¢t the peculiar
Excellencies of the principal Artifts, the: Juft
Proportions of Raphael, the natural Tints of
Titian, the pure Stile of Corregio, the Deco-
rum of Tibaldi, the Terrour of M. Angel,
the Air of Gma’a the D+igning of the Ro-
mans, the Sb.:fdawmg of the Penetians, and
the Colouring of the Lombards, all umﬂ
would be unable to effet fo ﬁmihed a Picce,
in any Branch of their Art, as Nature can
exh1b1t with a _fingle Lens nnly. The Camera
Obfcura is, at the fame Time, the Painters
Aid and Rapraafb from hence he receives
the beft Inftrucions; from hence he lmﬁif

&
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‘his Imperfections ; here he views what he
' ‘thould do, and knows it is what he cannot
do.
11, There is one thing which may be
thought an Imperfection in the PiGure of a
‘Dark Chamber, and that is, the znverted Po-
Sition of the Images; but, ftrictly fpeaking,
this is not fo, becaufe Nature has farnifhed us
‘with feveral Methods to make the Picture
wereff. For if it be a Sheet or Frame of Pa-
{:r which receives the Picture, it is but hold-
‘ing it before you, and looking downwards on
it, and every thing is right. Or if you ftand
‘before the Picture, take a Laoking-Glafs, and
‘hold it againft your Breaft under an acute
“Angle, and looking therein you will fee all
gnﬂ Images of the Picture reftored to. their
i'matural or ere&t Pofition ; and not only fo,
| but the Refle@ion of the Mirrour will give it
fuch a Glare or Luftre, as makes it feem very
{urprizing and delightful. This may likewife
{be done by placing a large Concave Mirrour
\'before the Picture at fuch Diftance, that the
-li Image of the Pi€v*2 may appear before the
| Mirrour, which will then be ere¢t and pen-
ﬂ*ant in the Air.
] ~ 12. There 1s another Method of erecting
he Images on the Pifture, and more direct
than any of the foregoing, but yet is neither
o eafy to be done, nor fo good if it be done,
as it 1s by them; and that is by placing ano-
fither Convex Lens behind the Paper or Parti-
|| R L2 tion,

i’
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tion, which receives the firft PiGure at twice:
the focal Diftance of the faid Lens; if theni
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 Picture formed thereby, wherein the
Images will be ereé?, and as large as in the
firft, but not fo bright, nor will the Field or:
Extent of the PiGture be confiderable; and
therefore as this Method is feldom practicable,
{o it 1s as little worth while.

13. In making a Dark Chamber, the Glafs
fhould not have too {mall nor yet too large
a focal Diftance. For if it be too fhort, the
Images will be very fmall, and not diftinét
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 diftance at leaft,

14. On the other hand, the focal Diflanc
of the Lens fhould not be zo0 large; for if i
be larger than the Diftance of the oppofi
Wall, your Defign will be fruftrated, as yo
can have nothing to receive the Pi¢ture 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, th
Images will be proportionally large, and the
fore the more faint and obfcure, (2.) Th
larger the focal Diftance, the larger the Dia
meter of the Lens, or the Hole in the Sffa%‘r}t}

a
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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 {maller, there will not enter Light

- enough to make the Images vifible at fo great
a Diftance.
15. The Focus then fhould 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 almoft 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 {carce
and dear; and thus a Lens of ¢ Feet may
be made to anfwer the End of one of 15
Feet.
16, A Dark Chamber ought never to be at-
tempted but when the Sun fhines; for it is ne-
ceffary the Objects, which are intended to make
your Landfkip, fhould be ftrongly illaminated
by the Sun-Beams; otherwife the Picture,
which ought to be vivid, bright, and beauti-
ful, will appear obfcure, dull, and of a dirty
Hue; as the Objects themfelves would appear
by Twilight. '
. 17. Whence it follows, that a South Win-
dow is never to be ufed for this Purpofe; be-
caufe the Sun can never enlighten the North

Side of the Object, which alone can be taken
% L 3 in

b
Ff e
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in by a South Window. Befides, the Sun in
this Cafe would be apt to fhine on the Glafs,
which would make the PiCture appear with
a falfe or confufed Luftre, and therefore you
ought to be very careful always to avoid that:
thing’s happening,

18. An Eafl Window will do very well in
the Afternoon, asa Weftern will for the Morn- -
ing 5 but none is fo good, or will make fo|
noble and glorious a PiGture as a North Win-|
dow about Noon; for then the Sun being in |
his Meridian Height, and fhining with thej
greateft Strength and Splendor poflible, thej
PiGure made in fuch a Cafe will far exceed |
all others in Vivacity, Beauty, and Luflre.

19. This noble Experiment is not only ad-1
mirably pleafing and delightful in it felf, but
alfo very ufeful for many Purpofes of Bufi-4
nefs, principally with Refpe&t to Perfpective,
Painting, Defigning, &¢c. For whatloever is
to be drawn or painted, if it be firft expofed
to the Scioptric Ball, the Perfpettive there
will be truly formed, and the Lights and|
Shadows for every Pofition, and Action ¢
~the Objects, will be reprefented juft as they
ought to be in the Images of the PiGture. Inj
thort, the Camera Obfcura is the School in
which every Defigner and Painter ought to
learn the firft Ruduments of his Art. He can|
never, without this dark Education, turn out
a bright Proficient. No Inftrutions can come
up to thofe of Nature; her Leflons are all ];efé

- €
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fec 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 Convenience is, that
the Picture of Objects may be made of any
Size you pleafe, either lefs or greater than the
Life, if the Objelts be moveable. For if you
place the Object farther from the Ball than
twice the focal Length of the Lens, the
Images will be lefs than the Object; if they
~are p!aced 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 greatcr than the Life; 3.11 which 1is
manifeft from the Theory, and which I have
before obferved in the prattical Part.
- 21, Alfo for immoveable Objeéts, as thofe
of Houfes, Gardens, Fields, Trees, &c. if
%ﬂu have different Lenﬁ:s, you may form the
Picture of fo many different Sizes, the thorter
Focus making the lefler Pi¢ture, and the larger
Focus the largeft. But thefe Matters are o ob-
vious, that I need not farther infift on them.
22, But the Ufe of the Camera Obfiura
does not reft in Drawﬂg and Painting ; but
ihe Optician himfelf is greatly interefted there-
in. By this grand Experiment he demon-
Atrates ocularly the Principles of his Art. For
by admitting the Sun-Beams thro’ the Hole
of the Window-Shut into the darkened
amber, he can altually thew the Focus of

?hmﬂff Rays by Refleion from Concave
L 4 Mirrours,

i
S L
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Mirrours, and by RefraGion through Convex |
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*
RefleGtion from Convex Mivrours, 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 refpect to thefe Rays, asi
the Theory teaches. Alfo the Ratio or Pro--
portion of the Sizes of the Angles of Incidence,
and Refraftion in. Water Ohl Chict R
eafily proved to be as it is ftated.

24. The Reafon and Nature of Telefcopes
and Microfcopes is demonftrated to the Senfes
hereby ; for if the Glafles in either be taken
out of the Tubes, and fixed at their proper
Diftances, on ‘a ftrait Piece of Wood, fo that
the Sun Beams fall direétly 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 neceflary 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 }iln'

the
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the Summer-Time, and {o the more inconve-
nient for Ufe, the beft Way is to fix a {mall
. Plain Mirrour to the under Part of the Frame
. of the Scigptric 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 Diretion 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 Direction, 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.
- 27. One great Ufe of the Camera Obfiura,
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
eafly 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 refpect to a Convex Mirrour
‘or Concave Lens, which have no real Focus,
it will be eafy to find the Diftance of the
virtual Focys thus: Defcribe a Circle, fuppofe
of
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of 3 Inches Diameter, on a Piece of clean
white Paper; hold this Paper direély behind
the Concave Lens in the Rays, and move it
to and from the Lens till the circular bright
Spot of the Diverging Rays exactly 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 Difiance of the Pa-
per by the Diameter of the Concavity, and di-
vide that Prodult by the Dijference between the
Diameter of the Circle on the Paper and Con-
cavity of the Lens, the Quotient will be the
Diftance 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 on the Sun's
Difk. This is eafily done, by putting the
OQlbjeit Glafs of a 10 0r 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&tly feen, and will afford a very pleaﬁng
Spectacle. This Image is rather too bright to
be viewed without Offence to the Eyes; and |
therefore {hould be viewed through a largc |

Lens of about 6 or 8 Inches focal Dlﬁancc |
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 moffurnal or aérial
Telefcope 5 for if an Objet Lens, whofe fo-

aal Diftance is 12, 1§, Or 20 Fﬂﬂt were fixed

in the Ball, it would give a largc Image of

the Moon, and a {mall one of Penus, fupiter,
‘and Saturn; which may be fo far magmﬁed

by one or more {mall Lenfes, fuch as are the

Eye-Glafles, that the Pbaﬁ's of the one, and

-the Sa:m’!z':e.r, Belts, and Rings of the Gther
may, in all likelihood, be rendered vifible

and diftiné&; as I have Reafon to think from

fome Experiments I have made with Lenfes
of a fhorter focal Diftance, not having Rnom
to try the larger,

31. Divers Microfcopical Experiments are .

alfo to be exhibited in the Dark Chamber,
both by Convex Lenfes and Concave Mirrours.
‘Thus if you fit a Tin or Paftboard Tube inte

the Hole of the Scioptric Ball, and make an

Aperture on each Side to flide a Piece of *
Glafs through freely, and then either 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 Obje&s that are

ftuck upon the Slip of Glafs aforefaid, which

are ftrongly illuminated by the Sun-Beams

paffing thro’” the Ball for that Purpofe.
32, Ehe .
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32. The fame thing is to be done with a.
Concave Mirrour, thus: Let a Cylinder of |
Rays fall on a large Concave Mirrour, fixed .
in a Frame for that Purpofe ; then take the:
Slip or thin Plate of Glafs, and having put
- any {mall Objets 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:
{mall Objects very large, and exceeding clear
and bright among the reflected Rays. This
is a moft eafy and delightful Experiment,
which I have often tried with great Pleafure
to my f{elf and others.

33. The new and noble Doélrine of Colours,
and the different Refrangibility of the Sun's
Rays, were the Refult of Experiments by the
Camera Géf&wm; if you admit a Cylinder of |
Rays, about § of an Inch Diameter, into the
darkened Chamber, and therein hold a tri-
angular Glafs Pri/m, you will find, by turning
it a little upon it’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. This is a moft furprizing-
ly fine and agreeable Phenomenon, which, to-
gether with divers other Experiments relating

thereto,
1
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thereto, is the Subje& of Sir Ifzac Newton’s

- Book of Optics.

34 The Experiment of the Rain-bow in

~ the Dark Chamber is very pleafant, and is

thus méde : Take a hollow Glaﬁ; Globe and
fill it with Water, and then hold it before
you in the C}rlmder of Rays, moving it a little
about, till you fee it paint a fair, vivid, and

]

arge Tris or Bow on the Cieling ‘above your
- Head, or on the Wall before you; the Co-
. lours of this Bow are juft the fame as of that
in the Clouds; it is alfo a double Bow, as
that is, the upper one being larger and fainter
than the minor one. In fhort, this is a good
- Experiment towards cxplammg the Nature

of the Celeftial Bow.

CHAP
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CHAP V.
Of Microfcopes in gemeral ; of fingle

Microfcopes in particular, made with

a fmall Lens, Spherule, or Mirrour.

H E Word Microfiope imports an In- .

B frument for viewing wvery fmall Ob-
geéts. 1 have before obferved, that Nature
has {o formed the buman Eye, that we can’t
diftinctly view an Objet at a nearer Diftance
than fix Inches; and fince there is an Infi-
nity of Objeéts, which at that Diftance ap-
pear either as Points, or are wholly imper-
ceptivle, whatfoever Inftrument or Contrivance
will render fuch minute ObjeGs vifible and di-
Sinét, we properly call a Microfeope.

2. It is ufual to fay that the Microfiope
magnifies Objells feen through it ; but this is
true only with Regard to the apparent, not
the real Magnitude of Objets; they indeed

appear to be larger with than without the |

Microfcope, but, in Truth, they are notj;

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
concerning the apparent Magnitude of Objecls
in Chap. II, hereof.

3. For
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* ' 3. For there it was fhewn, that the appa-
- zent Magnitude of Objells 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
 thercfore, at the Diftance of 6 Inches, 1 can

but juft difcern an Object, and then by inter-
_@nﬁng a Lens, or other Body, I can come to
‘view that very Object at a nearer Didtance,
. the Object will appear to be as much larger

through the Lens, than before to the W
Eye, as it’s Diftance from the Lens is lefs
than it’s Diftance from the Eye.

4. That this is the Cafe, is evident from
:‘Fl g, 2. Plate XXIII wherc A 1s a Point
in an Object 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&t Vifion till they have paf-
{ed that Duftance ; but if the fame Object be
placed in the Focus C of the Lens D, the
1 Rays which proceed from it will become pa-
1 rallel, by pafling through the faid Lens, and

‘therefore the Objeét is diftinétly vifible to the
Eye E, placed any where before the Lens D.
Confequently it will appear as much larger
through the Lens than to the nakeéd Eye, as
CD is lefs than A B. _

5. If an Object AB be placed in one Fo-
cus C of a Lens DE, and the Eye in the
other Focus F; (Sce Fig. 3.) the Eye will fee
i Juft fo much of the Object as is equal to the
Diameter

5 ‘-.-
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Diameter of the Lens; for the Rays AD and
BE, which go from the Objeét to the Ex-.
tremities of the Lens D and E, and are unit-
ed at the Focus F, muft neceffarily proceed .
from the Object to the Lens parallel to the:
Axis FC, and therefore parallel to each
other ; confequently the Part of the Objet
A B, feen by the Rays DF, EF, will be:
equal to the Diameter D E of the faid Lens. .
All whigh is evident from the Theory.

6. If only the Part d e of the Lens be open,
then only fo much of the Object ab, as is !
equal thereto, will be perceived by the Eye.
Now fince AB is equal to DE, or abto 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 3 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 it would do without 1t.

7. If you would fee a Portion ¢f an Objelt
larger than the Lens, your Eye muft be placed
nearer the Lens than if's Focus. Let the
Lens be DE, (Fig. 4.) it's two Foci F and
C; in the Focus C let there be an Object
A B 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 ¢onvergent, 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
D E.

. 8. Again, let GH be a Portion of an Ob-
ject A B, lefler than the Lens D E; draw
" GD, HE, which will be Diverging Rays,
 and therefore will be united at a Point I, far-
| ther diftant from the Lens than the Focus F:
Hence if an Eye be placed farther from the
| Lens than if's focal Diflance, it can never fee
“any Object, or Part of an Object, at one View,
[0 large as the Lens, but always fmaller. And
‘aniverfally, the vifible Part. of an Object will
| be to the Lens, as the jocal Diftance of the
- Lens, to the Diftance of the Eye. All which
may be cafily deduced from the foregoing
Theory, :
I 9. Since then it is evident, the Nature of a
{*Convex Lens is fuch aswill 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 #alégd Eye B, can but juft perceive
i the Objet A diftinctly, and let the focal Di-
fftance CD of the Lens D be : an Inch;
ithen fince CD isbut 5 of AB, the Length of
fithe Object at C, will appear 12 times as large
llas at A; if it were a Swrface, it would be
Il M 144
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144 times as great; and the Solidity or Bulk
would be magnified 1728 times.

10. If CD, the focal Diftance of the Lens
D, bebut: of an Inch, then will that be but
— of AB = 6 Inches, and fo the Length of
Objects will be magnified 24 times; the Sur-
face 576 times, and the Solidity 13824 times,
for thofe Numbers are the Sguare and Cube
of 24. From whence it appears, that fingle
Glafs Lenfes make very good Microfcopes,
which have thefe Advantages, that the Object
appears moft clear, they lie in little Room,
may be carried about any where, are to be
had for a {mall Price, and are molt eafy to
be ufed.

11. The Form of fuch a Microfcope, which
I think moft convenient, is that in Fig. 5
where AB is a circular Piece of Wood,
Ivory, &Ge. in the middle of which is a {mall
Hole, 5 of an Inch Diameter ; upon this|
Hole 1s fixed, with a Wire, a fmall Lens j
C, whofe focal Diftance 1s CD. At that Di-.
ftance is a Pair of Plyers DE, made of a|
Watch Spring, and open’d by means of thej
two little Studs a, €; 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
the Lens, the Object O will appear more or!
lefs magmﬁcd as reprefenred at I M. If the!
focal Length be : or 2 of an Inch, the Lengts,,
Surface, and Bulk of the Object will be m;gé

nifie
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nified, as exprefled in Article 9 and 10 here-
~of. This {mall Inftrument may be put into
‘a Cafe, and carried about in the Pocket with-
out any Incumbrance. I have made Trial of
various Lenfes, and find thofe whofe focal

Lengths are =, %, and Z of an Inch, the

beft for common Ufe,
- 12. Since the nearer the Eye can approach
~ to an Object, the larger it appears, it is plain
a double and equtally Convex Lens is far prefer-
- able to a Plano-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 greater
“muft be the Convexity, and therefore the
 fmaller the Sphere; till at laft the #fmoff De-
gree of magnifying will require that thefe Seg-
ments become Hemifpheres, and confequently
the Lens will be reduced to a perfect Sphe-
 tule, or very fmall Sphere.
~ 13. With thefe fmall Spherules extraordi-
nary Degrees of magnifying may be arrived
‘at; for as I have thewn in the Theory, the
" Focus of Parallel Rays is but at & the Radius
“diftant from the Spbﬁms’e ; therefore if the
Radius of the Spherule be 5 of an Inch, the
Eye will have diftinct Vifion of an Objcct by
means the:recrf at the Diftance of a Raa’mr
and balf, 1. e. ~ of an Inch, which, as it is
but the 40th Part of 6 Inches (hews that the
R M 2 Length
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Length of an Object will be magnified 40
times, the Surface 16co times, and the So/s-.
dity 64000 times, by fuch a {fmall Sphere.
14. If the Radius of a Spherule 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 Surface 6400
times, and the Bulk 512000 times greater:
than to the #idkéd 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 = of
an Inch, which is but the 16oth Part o
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 furpafies all human
Imagination and Comprehenfion.
;, 16, And yet there are Methods of making
Spherules as {mall, 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 th
Point of a fine Needle, and held in the blu
Part of the Flame of a Candle, or rather o
a Lamp burning with Spirits of Wine; whi
by means of a Blow-Pipe, will immediately
melt the glals Particles on the Point of the
Nﬂcdlﬂ;;
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Needle; and being melted they will naturally
run into a roundith Form, and, by a proper
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 fmaller.

17. The other Way is by melting a Piece

rn-nf fine Glafs in a {mall Crucible, or Bowl of

a Tobacco-Pipe, and then 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,

is 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 a very fmall Hole in a Piece of

Brafs, in-ordér for Ute.

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
{o 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 Dutch Philofopher Mr Leeu-
avenboet made fuch wonderful Difcoveries ; 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 poffible. But
the great Difficulty of making very {mall,
and, at the fame Time, very 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 {mall
Part which can be feen of dny, makes this |
Sort of Microfcopes very little known of!
ufed.

21. In Fig. 6. let ABH reprefent a fmall
Globe or Spherule, whofe Center is C, and
Radius CB; alfo let GB be = : CB, then
will the Point G be the Focus of Parallel Rays
pafling thro’ and refracted by the faid Sphe-
rule ; 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
the Spherule. Suppofe now the Spherule be
removed, 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@ EF will be diftinctly
fuch a Lens alfo. And fince the Angle EC;iF 5|

under
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under which the Object appears at the Center
~ of the Spherule and Lens, is the fame, the
Object 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 S he-
_lmle ; and confequently in all Cafes WhEt’E
" the Power of magnifying is not reqmred to
an extreme, the Ufe of a Lens is much pre-
ferable to that of a S pherule.
. 22. The next Sort of fingle Microfcopes
. are thofe made of Concave Mirrours ; and the
; largr-:r the Mirrour, the fitter for the Purpofe.
% One 10 Inches Djameter and 12 Inches fo-
5:'- ‘cal Length, will do very well. By fuch a
~ Mirrour, a {mall Object, may be made to
. appear very large either behind or before it.
* 23. The Diftance at which an Object
 fhould be placed, in order to magnify it any
Nz:'f--'?Empﬂfcd Number of Times, at a Focus be-
~ hind the Glafs, is found by the Rule delivered
- in Art. 11, Chap. VI. Part I. Thus fup-
- pofe I would magnify the Diameter of a {mall
. Object 10 times, I ﬁnd by that Rule, that it
'wmuﬂ: be placed 10 Inches before the Mir-
.«ruur, and when the Diameter, or Length of
ﬁn Object, is magnified 10 times, the Surface
~will be magnified an 100 times, and the
_#'Whﬂlﬂ Bulk a 1000 times. This is a very
nﬁderable Effect, and 1s attended with this
M 4 peculiar
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peculiar Advantage, that not only a {mall
Part of one Object, but the whole of diverfe
Objects is here exhibited to the View, which
makes it pleafant and delightful to behold.

24. The other Way of magnifying Ob-
jects at a Focus before the Miirour, is that
already defcribed in Chap. IV. Art, 22, a8
being performed in a dark Chamber. There
remains one other Sort: of Aingle 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 Grﬂ_}, 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 pafiing 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. ¢. HF =

BH, as may be deduced from the Theorem |
in Art. 16. Chap. I. of Dioptrics, by putting

I to R, as 4 to 3; which is the Proportion

of the Sine of lnum,nce 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 ' will be by Refraction. Through the

Center
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Center C draw M CI, and to the Focufes 7,
E, F, draw the perpendicular DE, and 1F:
- Now fince unequal Objects 1F, DE, are feen
under equal Angles ICF, and DCE, at the
Center C, the Angles under which equal Ob-
jects will be féen 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 furlt Refrac-
- tion, will tend P
to a Point P, ]
‘which will be
diftant from the
Point four times
the Radius CB,
@that is, BP —
4BC, and there-
fore HP=2CH,
‘as is eafy to de-
duce from the
- Theorem in Art,

6. Chapter I, of
Digptrics. Then K
put HP =4, and
CH — r, we thall
find HE = f, by

glheor. 17, in

Art. 18. Chap- Al
ter 111, of Ca-
toptrics, viz. M
E dr

== f; for in this Cafe =27, and

therefore
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[

therefore the Theorem becomes dr .-
2d —g!
= f”; —=ir=f=HE; and fo CE

&= 3r: but CF = 2r, therefore CF: CE :4%
§r:3ci205i080: 9203 $5 6 And cong
fequently an Cbject, in the Focus of Re-
flection E within the Globe, will be magni-
placed in the Focus of Refraction F, without
the Globe.

- 28, Now fuppofe the Globule KL were %
of an Inch Diameter, then would the appa-
rent Magnitude of Objects at F, by Refrac-
tion through the Water, be to the apparent
Magnitude at 6 Inches from the Eye, as 6
to 4, or as 30 to 1; and therefore the appa- |

~ rent Magnitude at E, by Reflection, will be
i\ ::is dg s times 30, that is, 100 times magni-
o :

CHAP.‘
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G0 A ParVE

Of double or compound Microfcopes, viz.

- thofe which confift of two Lenfes
and the Manner of computing their
Power of magnifying.

1. ¥ F a Machine be conftructed with more
: than one Lens or Mirrour, proper for
‘magnifying fmall Objects, it is called a double
or compound Microfcope 5 fuch as is that repre-
Hented in Fig. 1. Plate XXIV,

2. In that Figure def is a {mall Lens,
called the Object-Glafs, as being next the Ob-
ject acb placed a little below it to be view'd.
Suppofe the Focus of this fmall Lens be at O.
‘Then, as is plain from the Theory, if any
Object acb were placed in the Focus O, the
Rays which came from any one Point diver-
gent on the Lens, would by it be fo refrac-
ted, that they would afterwards proceed pa-
rallel to one another; or their Focus would
have been at an infinite Diftance.
| 3. It has alfo been fhewn, that if an Ob-
| ject ab be placed at any Diftance from eC,
greater than the focal Diftance eo, the Rays

dc, fc, which come from any Point c, anc;
v fal
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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 4ll the Ray
proceeding from the Object ab, for the Di
ftance ce.

4. Therefore the Rays which proceed from
the Points a, ¢, b, in the Object ab, will be
refpeﬁively reprefuhed it A, 'C, B, - in: the
aforefaid Focus; and cnnfequently ACB will
be the Image of the Object acb; in an -
verted Fefition, and is fo much greater than
the Ubject, as the focal Diftance e C is greater
than the Diftance of the Object ec. And the
lefier e c is, the greater will Ce be, and the
more will the Image ACB be enlarged, or
the Object magnified: Bot, as before obferve
ed, the Diftance ec muft always be greater
than the focal Diftance eo. All which things
are likewife demonftrated and exemplified in
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 i§
otherwife: For here A B, 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 Ob_;eé’c Ag
the |

-
.&*
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~ the Rays which come from any Point C,; will
after Refraction through the Lens, proceed
parallel 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 diftinétly feen thro’ a
fecond Lens DF ; and if the Eye’s Diftance
‘be lefs, equal to, or greater, than the focal
Diftance E C, then fuch a Portion of the
Image A B will be feen as is greater, equal to,
- or lefs than that Part of the Lens DF, which
1s open. Note, this Lens DF 1s called the
~ Eye-Glafs, as bf:mg next to the Eye in view-
‘ing Objects.
i 7. Thus is Vifion performed in the Double
‘Microfcope, compofed of two Glaffes. I {hall
now fhew the Power of magnifying in fuch a
Microfcope, which will be eafily apprehended
in the following Manner. I have before ob-
ferved, that no Object can be clearly and di-
'ﬁmctly viewed at a lefs Diftance than fix
Inches, and by many Eyes not fo near. But
fix Inches 1s the Number I {hall found my
Computations upon, becaufe I fhall then be
fure to be within Compalfs.
8. Firft, let us fuppofe d f the Object-Glafs
to be a double and equally Lamex Lens,
- whofe focal Diftance eo = = of an Inch,

o

Then if an Obje¢t 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

4
i
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manifeft from the Theory, and the Rule ex- |
emplified in Chap. X, Art. 1 and 2, Part IL

g. Since then the Diftance ec is but one
Inch, the Angle aeb, which the Object fub-
tends at the Lensd e, is 6 times greater than
the Angle under which it would appear to an
Eye, at 6 Inches Diftance ; and therefore the
Length of the Object a b, will be magnified
6 times by the Object-Lens only.

10. And fince the Anglesaeb, and AeB,
under which the Object and it’s Image appear
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 Inches from the
Eye.
j;1 1. But fince the Image A B is rendered
vifible, by means of the Eye-Glafs D F, and
is feen under the Angle AEB; the apparent
Magnitude thereof feen by an Eye at E, will
be to the fame to an Eye at e, as the Angle
A EB, is to the Angle AeB, or asthe Di-
ftance Ce, to the Diftance CE: But Ce 18
4 Inches; if then we fuppofe CE = 1 Inch.
The Image will appear 4 times greater at the
Eye-Glafs, than at the Obje&t-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 1s
equal
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i aqual to that of a ﬁngle one of a Lens, whofe
f focal Diftance is but : of an Inch, as is evi-
~ dent from Art. 10, of the foregmng Chapter.
 13. Again, if the Diftance of the Object
 ec be 1 of an Inch, and the Diftance E e be-
- tween the Eye-Glafles remaining the fame ;
~ then will the Object ab appear as much greater
by the Eye-Glafs df, than to the naked Eye
it O Inches Diftance, as 6 is greater than %,
@iz, 8 times. Then alfo, fincg, Ce =g
gm:hes and CE = 1, the Object will appear
4 times greater thmugh the Eye-Glafs DF,
~ than by the Object-Glafs d f; and therefore
4 times 8, that is, 32 times greater by both
' than to the naked Eye. The Length being
magmﬁed 32 times ; the Surface wﬂl be mag-
'~ nified 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
1t magnify the Object ab 12 times, and the
5‘# ‘Eye-Glafs DF magnifying that Image AB
4 times more ; the Length of the Object will
i by both be magmﬁed 4 times 12, viz. 48 -
- times ; and therefore the Surface will be mag-
. nified 2304 times, and the Solidity 110592
| times.
L 15. In the laft place, if you ufe an Object-
i - Lens, which gives the Diftance .of the Ob-
Ject ec = ;of an Inch; then will the Ob-
~ Ject be magnified by that 24 times, and 4
-' times more by the Eye-(}‘lafs and therefore

L by
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by both 96 times; and thus the Surface will
be magnified 9216 times; and the So/idl
884736 times, which is to a very great D
gree indeed.

16. If you are defirous of knowing wha
focal Diftances eo the 4 feveral Object-Glafie
muft have to give the Diftance of the Object
ec = 1, 3, &, % as above-ftated for Calcula--
tion, you find them according to the Rules of?
the Theory, to be —, 55, %5, =5 ; 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
A B 4 times, if the faid focal Length were
but £ of an Inch, it would magnify the Image
A B gtimes, for then'Ce: CE s 5 a0 1
And if CE be but 3 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 i1s 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 uppermoft is

fixed
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fixed the Eye-Glafs DF, and to the lower is
fixed the Objefl-Glafs d f. By this Contri-
vance the Diftance of the Image Ce is confi-
derably lengthened, and bears a lefs Propor-

“tion to CE than before; and confequently the
magnifying Power will be fo much the greater,

20. Thefe double Microfcopes are much pre-
ferable to fingle ones, as they have or may be
contrived with as great a Power of magnify-
ing, and at the fame Time opens a much
larger, and more {pacious Field of View; and
hath divers other Advantages to be mentioned
hereafter.

N il A T



[ 194 ]

C H A" Vi

Of Micrafcopes compounded with three
Lenfes, viz. an Qbjeft-Lens, and

two ocular ones.

5 E have feen the Nature and Ef
fects of a Microfcope, conftructed

with oze and fwo Lenfes, let us now contem-
plate the Nature and Conftruction of one of
three, viz. An Object-Lens df, and two Eye-
Glafles, one a larger GK, and the other
lefler DF. This broad Lens GK is added
(not to increafe the magnifying Power, or Di=
Seinéinefs of Vifion, for that i1s better effected
by one Lens DF, but) to increafe or amplify
vbe optic Angle, or to enlarge the vifible Area,
or Circle of Vifion in the Microlcope.  Which
it does ver}f confiderably, as is thus fthewn,
See Fig. 2
2. Letab 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 ¢ K and eG,
which it will refract towards fome Point in |
the Axis, as O; and confequently there will
be a new and lefler Image AB formed than
 before, the Place of which is found by draw-

ing
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ing the Lines /H, BH, from the Extremi-
ties of the firlt Image A4 B, to the Center of
the Lens; for they will interfect the Rays
KF, GD, in A and B, the Place of the
Image AB. For if the Image AB be confi-
dered as an Object with regard to the Lens
G K, 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
l every Pencil going from the Object A B, will

emerge from the Lens diverging, and tend to-
wards a vzrfual 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-
l gles 4 H B, from the Center of the Lens H ;

and therefore the Lines #/H and BH deter-
mine the Places and Proportions of the Images
AB and AB. All which is plain from the
Theory.

. 3. Let DF be another Lens placed at it’s
focal Diftance E C, 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
G K, draw 24, and join ¢H, then will the
Angle a Hc be the optic Angle under which
the half of the Object ac is {een through the
Lens GK; and is tothe Angleae C = aec,
(under which it appears by the Lens df) as
fecisto He.

N 2 4. Since
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4. Since Ha = Hc, the Point 2 will be
the Focus of a Pencil of Rays falling obliquely
on the Lens G K, of which ¢ H is the Axis,
and aK 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 ¢ H, O will be the Point in which the Ray
e K, after Refraction through the Lens GK,
will cut the Axis H O, 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 e be the Focus of an oblique
Pencil of Rays falling on the Lens DF, o
which eE 1s the Axis, and eF an extreme
Ray. If then you draw F I parallel to ¢ 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, F £, on the Image AB; and if there
were no other Lens but DF, the Part f in
the Image is all the Eye could view in the
proper Focus L, for df = DF. See Art. §.,
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 confequently the whole

Imags
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Image A B is feen by the Eye at the Point I,
under the Angle E1F.,

7. But this Angle EIF is to the proper
Angle ELF, as LE is to IE, by Art. g.
Chap. II, 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 G K, whofe focal Diftance, or Radius

“of Convexity Hc = 3 Inches. We fhall find

the Focus O of this Pencil after Refraction,

4 See Art. 16
= & < .
d—r J RS

by the Theorem

‘Chap. 1, of the Theory of Digptrics.

B Porhere d<zelis=s 7 = H¢ sa9,
dr

I——r

———
———— e

and y = HO, to be found thus;

8>3 =_I_5_,75-—}= Or thus by Ana-

3 2

logy, d—r(ec):d(eH):: r (Hc): y (HO)
=— 73 Inches, Having thus found H O, fup-
pofe the Diftance between the two Glai:&s
HE — 2 Inches, then will EO = ¢ 3

Inches; and if the Radius of Convemtv EC,

of the Eye-Glafs DF be 1 Inch; hall

find EI, by the Theorem ia Art. 58. unai; 1,
N 3 of
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ar

| . dr
P = e, r=FEC =S¢ Ohd vy I
S <
dgrr A g
Or by Analogy, asd—r (= CO = 6.5):d’
(= EQ=s55):P(==EL &t a):p(s=EJ |
== 0.8, fere). |
g. Therefore the optic Angle DL F proper
to the Lens DF alone, is to the amplified §
Angle DIF, as0.85 to 1, oras 85 to 100;§
the vifible Areas therefore will be as thed
Squares of thefe Numbers, viz. as 7225 tof
10000, of as 7 to 10 nearly; which Aug-4
mentation of the optic Angle by the Addition §
of the Lens GK is very confiderable, and
renders the Pleafure of viewing Objects pro-4
portionably greater. Now this Angle DIF |
1s greater or fmaller, as the Diftance between §
the Lenfes HE 1is greater or fmaller ; for as§
the Lens DF approaches to the Lens G K, the
Diftance EO approaches nearer to an Equa-
lity with CO, or EI with EL, that is, the
Angles I and L become nearer equal ; and the
contrary, as D F is placed farther from GK.,
10. The Degree or Power of magnifying in
this given Combination of Lenfes, is compu-
table in the following Manner., Suppofe I
can fee the Line ac diftinctly at the Diftance
of 6-Inches, but by means of the Lens df
I can fee it at the Diftance eC, under the
Angle

of Catoptrics, viz. = y; for here d =

therefore = 0.85 very nearly.
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AngleaeC. Again, finccaeC=vec, and
H c is the focal Length of the Lens GK, the

~ Object a C will appear to an Eye at H, under

the Angle ¢ Hc, which is to the Angle zec,
{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
e Angle'zHc = COe, as CO to CE.

- Therefore the firft Ratio of magnifying, 7. e,

6
by the Lens df is 6 : Ce, or Co? the fecond
c

cC

~ Ratio, by the Lens GK isec:cH, or ;

cH
therefore the Appearance of aC at H, is to
6 ec

| that at the naked Eye, as x The

R |

third Ratio is by the Lens DF, in regard of

CO
Bie laft, as CO :CE, or &5’ 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-

f CcO 3 ec " 6 :
ance as — to I.
CE..-¢8 | el

11. Togive an Example, let Ce = § an

'Inch; cH =3, CE = 1; and the Diftance
feH — sithen will ce = 2, and CO =

6.5, things remaining as in Art, 9. Then
L 1 N 4 CcO
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C@ e -6 G 0EES 655 alnl

g 38 X = Kis I3 e ==
Ll el B cr < R B
52. Therefore the apparent Magnitude thro’’
the Microfcope, is to that by the naked Eye, |
as 52 to 1, for a Line, as 2704 to 1, for a
Surface ; and as 14068 to 1, for a Solid.

12. The Lens GK being removed, alllf
other things remaining the fame, the magni-
fying Power will be greater than before ; for §

it will be as CE x 6:9:: 2SR |
CE.  ce I o, Sal
= 72, above a third greater than g2. And
by removing G K we are obliged to changeq
the Object-Lens d f to keep the Diftances the §
fame; yet if df were retained, the Diftance §
ce would be {o very little enlarged to bring
the Image 7 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. If inftead of Hc = 3, we take it =4
Inches ; then the optic Angle DIF will be
diminifhed, all other things remaining the|
fame, ‘a5 in Ast;; 14.. For now r = He= 8|
and d = He = 4, and d'—r == ctic="00

X
therefore Cii Wtk 20 =y, or HO;
d—r I |

and fo CO = 19, and EO = 18. There-

fore to find EI we have d = EO = 18,
' and
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| andr=EL=1, and d+7r=CO0 = 19;

| dr 18x1
. and then == = 0.95 nearly,

| dEr.. 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 95 to 85, or nearly as
Rog to 8.

7 14. But the magnifying Power will be in-

CO cé& 6 1
creafed ; for — X X —— ? i

GE  eH  8C Ef o

| .E_ eyl e 575 whereas before (Art. 11.)
0.5 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 G K, whofe focal Diftance
is 3 Inches, is preferable to one of 4 Inches.

~ 15. Again, If we make the focal Diftance
of the Lens GK equal to 2 Inches, other

dr

d—r

things being the fame ; we fhall have

S g2 — 10“3.35- — HO; and then
- 5 3 v

. . o 1.3
B0 = 1.3 = 4; and {o T s

- 0.56 = EI; and therefore the Angle DIF :
RYLF 29°1 7 0.50 3 3900 5 50, that is, the
optic
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optic Angle at I, is almoft as big again as thed
proper Angle at L. But notwithftanding this{
Advantage, fince the magnifying Power is di

CO ce 6

minifhed, (it bei ly — x — x — =
inifhed, (i cmgonyCExcthC

: 6 |
B Mo i i e 42.) and the great Convexi-

e
ty of the Lens G K, 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 Conftrution of |
the Microfcope.

16. In this Combination of Eye-Glafies, .

CO ce
the Effe& of the Microfs B5 ) e 3 e
€ et of the ICTUCOPEISCEK(:H_
6

¥ 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-
ject-Lens df, is Ce, hath it’s Effe¢t in the

C 6
Ratio of — x — to 1. If now we fuppofe
B0

an Object ab, equally diftant from the Ob-
je€t-Lens df, when diftinctly feen in both,

_ L0 it . |
then according as CE E " leffer, equal

fo,
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Ce
o, or greater than — B the Power of magni-

~ fying, in the former Microfcope, will be
fel*]ﬁ’r, 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 Effects will be in the Ratio of

IO %tu Ce. Andif ce = cH, then

CO
will their Effe&ts be in the Ratio of — to

CE
Ce

C_‘E".
equally in this Cafe, CE: EC::CO: Ce,
_1s the Analogy. '

If then we would have them magnify

18. If the Microfcope hath the Dimenfions
of Art. 11, the Aperture of the Lens GK
being given, and the Diftance between the
Lenfes HE, the Aperture of the Lens DF
is given alfo; for HO:EO :: GK:DF.
B i Suppofe GK = 1.5, then HO = 7.5 : EO’
= 6.5:3GK =1.5:DF = 1.07.  /The
‘half of which EF = o, 53 3 whence we may
alfo find the Quantity of the optic Angle
DIF: for EI = 0.85, by Art. 13. Where-
fore we have this Analogy, As IE = 0.85 is
to EF = 0.53, {o is the Tangent of Radius

45°.
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45°, to the Tangent of 27 5! fere, the

double of which, viz. 53 30 15 the Quan-
tity of the Angle DIF, in this Conftitution:

of the Microfcope.

‘ L H AR YL

Of the apparent Pofition of the Ob-;
gelts, and the vifible Area, or Fieldl
of View, in a Microfcope of C'an‘vexi

Eye-Glalfes. |
Prarne XXIV. Hig g

: E have hitherto been confidering

the Struéture 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 Obje&, and
the Area, or Field of View, therein.

2. In order thereto, let N, O, P, be Cones
of Rays coming from the Obje&-Lens and
painting in their Focus the Image ACB.
This Image will be in a Pofition /nverted, or
contrary to that of the Object, 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 Object viewed through a Convex
Lens DF, by the Eye ABQR. This Ob-
ject, as being feen in the Microfcope, muft be
alfo conceived to be in the Focus of the Lens
DF, which is the Eye-Glafs ; for in this
Cafe only, the Rays AD, Ag, Ab, alfo Cun,
Co, Cp, and the Rays BIY, 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 Object will
not be diftin&ly feen, as has been fhewn in
Chap. I, 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, 7, 2, o, #,
k, I, m, F, then fhall thefe be all united in
the Focus at E, in which we will fuppofe the
Pupil of the L}e to be placed where it will
then view as much of the Objeé&t 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 Refina at 4, and there reprefent the
Point A of the Obje¢t ACB. After the
fame Manner we conceive the Points B
and C in the Objelt, reprefented at B and G
| i
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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 Refina.

6. Confequently #C B on the Retina, will
be the Image of the Obje& A BC, that is,
it will be the fecond Image of the fmall Ob-
je& a b, under the Microfcope, of which
"AB is the firft enlarged Image. And fince |
the Image A CB, is contrarily pofited to the
Image A CB, it will be rightly pofited with
the Object itfelf, or the Obje& ab, and it’s
fecondary Image A4 B, have both the fame
Pofition, that is, their fimilar Extremities a, 4,
and b, B, lie towards the fame Parts.

7. Now it has been thewn, that when an
Objet appears right or erell, 1t's Image in
the Bottom of the Eye will be 7nverted, or
have a Pofition contrary to that of the Ob-
jects (See Chap. II, Art. 1, 2, 3, 4.) and there-
fore when the I'mage of an Object in the
Eye is the fame with that of the Object itfelf,
the faid Object cannot appear »ight or erel?,
but inverted or contrarily pofited to what it
truly is, And fuch therefore is the Pofition
of an Obje&t, 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 Focus, and QR the Pupil of the Eye 1ilm
the
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the other ; then, as hath been fhewn, the Po-
fition of the Image 4C B, in the Bottom of
the Eye is znverted, or contrary to that of the
Object ; in which Cafe it will appear erec?, or
in thc fame Pofition with the Object.

. The Obje&t A B remaining in the Fo-
cus of the Lens DF, if another Lens be in-
terpofed between thr; Eye and the faid Lens
DF, it will not alter the apparent Pofition of
the Objeé, from which it is by the fingle Lens
- D F alone. For all the Eftet this will have,
. is only making the Converging Rays F E,
. DE, converge the {fooner, and fo fhorten the
focal Diftance o E ; but there will {till 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 Objett A B, and therefore the apparent
Pofition of the Object muft be the fame as
before, whether in the double or fingle Mi-
crofcope.

10. It is very eafy however to retify this
inverted Pofition of the Objeét 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
i the Microfcope, as it is to the Telefcope ? I
anfwer, firft, It is not material in {fmall Ob-
jects how thf:y appear fituated ; for inftance,
| therc can be no more Advantagﬂ in feeing the

- _ Head
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Head of a Mite lie towards the Right-Hand,
than towards the Left. Secondly, the Objeé
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 fhall ere&t the Object, will occafion the:
Microfcope to be enlarged, and will very
much alter the prefent commodious and beau--
tiful Form thereof for the worfe. Not toi
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-Glaffes
only : for if the lowermoft DF be removed
a little farther from'the Image AB, than it’s
focal Diftance, it will form a fecond Image
on the Side, which may be viewed by a third
Lens, placed at it’s focal Diftance from that:
ftccrndary 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 Objeét ]
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 wvifible Area, or what*‘
is commonly called the Field of View in a
Microfcope, you are to underftand the fol-
lowing Particulars relating thereto, 1f the
Image A B be in one Focus of the Eye-Glafs

DF, and the Eye QR in the other, the E}i\i‘-‘
Wik
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will fee juft fo much of the faid Image, as is
equal to the Glafs DF, either in Diameter
or Surface ; that is, in fuch a Cafe the Area,
or Field of View, is equal to the Area of the
Glafs D F, 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 Pupil of
the Eye is pofited in that Point E, where
- Rays coming from the Extremities of the
open Part of the Lensas DE, F E, interfet
each other, it is evident the Eye takes in then
the greateft Area poflible; and therefore an
. Objet or Image A B, which is greater than
. the open Part of the Lens can never be all
- feen at once, but one that is lefs than the A-
perture of the Lens may.

14, If the Eye be moved from the Focus
E, either nearer to or farther from the Glafs
- DF, the vifible Area will be diminithed;
and you will not difcern fo much of the
Image as before at E: For if it be moved
- nearer to the Glafs in the Axis EC, it will
foon arrive to a Part of the Cone DEF,
whofe Diameter is greater than that of the
Pupil, and confequently the external 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. 4
15, If it approach {iill nigher, it will leave
‘the Rays gE, mE, and then the Parts A(é
e O ant
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and BM in the Image, will not be feen..
In like manner if it approach {o near, that:
the Rays b E, /E, are excluded, the Parts
AH and BL will difappear; and fo the
Image will vanith more and more from the
Sight, till the Eye comes to be upon the
Glafs, and then it will perceive no more
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 tranfverfel
through the Cone of Rays DEF or 4E B,
will fucceffively view all the Parts of t
Image AB; for fuppofe it enter the Con
DEF, on the Side DE, it will fuccefiivel
take in the Rays DE, gE, bE, &¢. which,
at the fame Time, render vifible the Point
D, g, b, @ec. in a diret Order. But if th
Eye enters the Cone BE 4, on the Sid
BE, in paffing through it, it will inde
fucceflively view all the Parts of the Imag
A B, but in am inverfe Order, viz, from
towards A.

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, thould arife fo far above the Top of
- the Microfcope, that when it is applied t
view, it may be capable of receiving and ad-
Jufting the faid Focus E to the Pupil, hfo

§
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 then only (as has been fthewn) it takes in the

greateft Area, or Field of View.
18. What I have faid with Refpe& to

the vifible Area, is for a Microfcope with a

fingle Eye-Glafs DF; but what relates to
the greateft vifible Area in a Combination of
two Eye-Glafles, or how the optic ﬁnglﬂ
is vaftly amplified thereby, is taught in the
laft Chapter.

02 CHAP
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C el R A

Of the Nature and Effetts of a com-
pound Microfcope, with a double:
Concave Eye-Glafs.

H E Conftru&ion of this Microfcope:

is reprefented in Fig. 1, of Plate:
XXV. Where ab is the Object, and df the
Object-Lens, as before, But the feveral Pen-
cils of Rays ad A fa, bdBfb, &c. which,
in the Microfcope with a Convex Eye-Glafs,,
formed the Image ACB, 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 been 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 diftinct Vifion. 'The like is to be un-
derftood of the Rays dDf, and dFf; and
therefore, ‘ -

3- Al
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3. A double Concave DEF, placed at the
Diftance of the Radius below the Focus A CB,
of the Rays proceeding from the Lens d f
will equally caufe a Parallelifm of thofe Rays
by Refraction, with a double Convex G HI
placed at the Diftance of the Radius above it.
And confequently Ao, the diftin@ Vifion of
the Object ab, whence thefe Rays proceed,

- will be prc}duced by a double Cancaue thus

pofited, as by the double Convex Eye-Glafs.
4. Let us fuppofe the Rays ad, bf, after
they are refrated by the Lens df, pafs pa-
rallel to the Concave D I ; then becaufe d D,
and fF, are parallel, they will be {o refracted
into 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; from what has been fhewn in
the Doctrine of Concaves. This Point B

 therefore will be the Focus in which the

Image ABC, of the Obje& acb, will be
formed, and rendered vifible to the Eye.

5. 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 vifible Image A BC, will be equal

to the wirtual Image ACB ; or it will appear

~under an Angle 4 EC, equal to the Angle
AEB. Wherefore,

6. Since the wrtual Image A B, {ubtends

_' the Angle AeB, under which the Object a b

O 3 appears
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appears by the Lens df; and the Angle AEB,
under which it appears by the Concave DF,
the Obje&t will be magnified in the Propor-
tion of thofe Angles; that is, the Object ab
will be to the Image 4B, (or 4C)as the
Diftance EC {or EB) to the Diftance Ee.
See Chap. 1I. Art. g, of this Part,.

7. Hence it follows, that if the Radius of
an equally Concave E)E—Glafs DF, be equal
to the Radius of an equally Convex Eye-
Glafs G I, the Power of magnifying will be
the fame in both with the fame Object-Lens
df: For fince EB or EC 1s equal to CH, |
by fuppofition ; the Angle AEC, 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 {o 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
Objet, and not inverted, as by a Convex
Eye-Glafs, wherein the Image is {een by Rays
which crofs or interfet each other before they

enter the Eye.

Since the Rays, after they are refraﬂed
thmugh 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
percewc ohly that Part of the Objett, whence

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 take in
the middle Rays EC, the middle Part C of
the Obje will only be vifible.

- 10. Hence it appears 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 lefler, {o a greater or lefler Quan-
tity of Rays will enter it; and confequently
the vifible Area, or Part of the Object, will

be prnpart:unably oreater or lefs.
11. Again, in Regard of the Denfity of

Rays, it is evident the Pupil, placed whe.re
they are moft denfe, will colle&t 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 di-

verge from thence, they grow more rare, and

fo the higher the Eye is raifed above the

Glafs D F, the lefler Qnantity 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 Objec by this Microfcope, let P P be

i

- the Diameter of the Pupil of the Eye, (Fig.

ie.) Ppllﬂd as near the Concave DI’ as pof-

fible, df the Object-Lens, and A B the Ob-
je&. From P, P thro’ I:he Center e, of the
Lcns df, draw ;hc Lines Pa, Pb, thefe will

O 4 cug,
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cut the Obje& in the Points a2 and b; and
fo ab will be the Diameter of the vifible Area
of the Objet A B. Suppofe the Obje@,
Lenfes, and Pupil, all parallel to one z2nother;
it will be, As the Diflance of the Concave DF,
from the Lens df, is to the Diftance of the
Qbjeit AB; fo is the Diameter of the Pupil
PP, tothe Diameter of the vifible Area ab.

13. And therefore, for Example, If 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 Ana-
logy will be, As 3:%:: 5 55 = the Dia-
meter ab, of the vifible Area of the Objet.
Now, as i this Cafe, this Diameter is 6 times
lefs than that of the Pupil, the whole circular
vifible Area, will be but one 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 {inall a Part of the Ob-
ject, they are never ufed ; in as much as the
Convex Glafles 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
for the Ufe of Concaves in Microfcopes, but
the fhortening of the Inftrument: Feor fup- |
pofing the Eye-Glafles of equal focal Lt:ngtl?f. |
. that
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that 15, EC = CH, it is plain 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—Gla{Tes

CH A PXK

- Of Cata-dioptric or R@?eﬁfﬂg Mi-

crofcopes.

H ESE Microfcopes differ from the

common Sort, principally in this;
that whereas they confifk wholly of Lenfes, and
perform all their Effects by Refraliion, thefe

~are conftructed with ome or more Speculums
- and Lenfés conjointly, and perform their Effets

partly by Refleiion, and partly by Refraction.

. Of thefe there are two Seorts, viz.

2. The firft Sort is that reprefented in
Fig. 3. Plate XXV. Where inftead of the

- Lens def, there is placed a fmall Speculum

- def'; the Obje&t acb being placed above i,

. at a little greater Diftance than the Focus g,
¢
i

bas it’s Image A CB formed by Reflection, as
in the other Cafe it was by Refrattion thro
the Lens df. Now if we fuppofe the focal
Diftance of the Object-Specalum de¢f, and
i Lens
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Lens def the fame, the Effe& of the Micro-
fcope will; in other Refpects, be the fame
alfo. |

3. For, (1.) The Diftance of the Obje&
a b above the Speculum, will be equal to the
Diftance of the Object ab below the Lens,
in order that the Image may be formed at
the fame Diftance Ce. (2.) The Pofition of the
Olyect will be inverted; for all the Rays flow-
ing from the Point ¢, will be refle¢ted by the
Speculum to the Point A, in the fame Man-
ner as if they eame by Refra&ion through the |
Lens from the Point a; thus the Part 4 in the |
Object, will be refleted- 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
Objet 2 4, are feen under equal Angles from
the Vertex e of the Speculum, the Triangles
aeb and A eB will be fimilar ; and therefore
AB:ab:+:Ce:ce; but in thf: other it is,
AB:ab::Ce:ce. But 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-
flection, as it is much more perfedt; fo it is
far more difficalt than that by Refraction.
Nature fells her beft Commodltles at very
great Prices generally. Nor is this Micro-
fcope fo ufeful, 'for any but very {mall or
tranfparent Objc&s, for -the Obje&t being

betwaen
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- between the Speculum and Image, would, if
it were large and opake, prevent a due Re-
flection.

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-
wperture 4f, 3 Inch. (3.) The f{mall 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 o the Obje&

~may be illuminated by the Light reflected
therefrom. (4.) In the Place where the Image
A B is formed, fhould 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 Objec, or Field of View, and exhibit
‘only the moft perfect and diftin¢t Part there-
of. (5.) The Eye-Glafs DF may be 14
Inch focal Diftance, and thould be 10 or 12

Inches diftant from the Speculum 4f. (6.)

Laftly, the Aperture or Hole in the Eye,

-'Pldt{: ‘or Piece at Y, thould be juft as big in
Dmmeter as the prmclpal Pencil CE, viz.
equal to mn, which is eafy to dcﬁne for
fince the Triangles dCf and mCn are Timi-

~ ar; it will be as Ce : CE :: df': mn, which
' itherefore is known. |

6. The fecond Sort of RefleCting Micro-

Acopes, 1s that of Fig. 4. Plate XXV ; whofe
. Performance is by #wo Refleéiions, and one Re-
fraéfmﬂ and is the Invention of Dr Swizh,

Profeflor
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Profeffor of Aftronomy, &c. at Cambridge:
the Theory and Conftruction of which follow. .

7. AD is a large Concave Speculum, and
ad a fmall Convex one; each perforated in the
middle with the Holes BC, be: Both thefe:
are Segments of the fame Sphere, or ground .
on Tools of an equal Radius, vz, of 2 Inches,
that fo the focal Diftance of each Speculum .
may be juft one Inch.

8. Thefe two Specula are placed at the
Diftance of about i1 4 Inch from each other,
that fo an Object O P Q_being placed a little
below the nether Speculum might be be-
tween the Focus F, and Center E, of the
larger Speculom. Things thus conditioned,
the Rays PA, PD, which flow frem the
Point P in the Object, on the Speculum A D,
will be reflected towards a Focus p, where
an Image opg 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 reflected to a Focus
P, where the laft Image O P @ will be form-
ed, to be viewed through the Eye-Glafs G,
by the Eye at I.

9. Such being the Stru¢ture of this Micro-
fcope, the Effects thereof may be explained
as follows. Becaufe the Object and Image is
feen from the Viertex V of the Concave Spe-
eulum, under the fame or equal Angles OV Q_,

and oV ¢ ; therefore (fuppofing the SpccuI-ui’T:E
5 | 4
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ad away) the Object OQ_would be to it’s
Image 0g, as VP to Vp; and {o 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,
1o. For the Image 0p¢, is now to be con-
fidered as a virtual Object to the real Image,
- formed in the Focus P, by Rays refleGted from
the Convex Speculum ad. And fince by the
Theory, the Obje&t and Image appear under
‘equal Angles at the Center of any Speculum,
if from e, the Center of the Speculum ad, be
drawn the Rays e¢@ and eoO; then fhall
OP 2 be the laft magnified Image of the
Object OP Q. Which feen by the Eye I,
through the Eye-Glafs G, is to the Object
. OPQ, feen by the Eye at the Diftance
- of fix Inches, in the compound Ratio of

6xVpxeP
VP xepx PG

11. For, (1.) The Object OP Q_is feen by
the naked Eye, at the Diftance of 6 Inches,
under an Angle, which is to the Angle OV.Q,
under which it is feen from the Vertex of the
Speculum A D, as VP to 6; and {o the firft

Ratio of magnifying is ‘7613 (2.) The Image

0pgq is to be confidered now as an Obje&,
~ and the Angle 0 V¢, under which it is ffeen
rom
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from the Vertex of the Mirrour AD, is to
the Angle ocg, under which it appears from
the Center of the Mirrour ad, as ep to p 'V,
and fo the fecond Ratio of magnifying is

Vv
—i (3.) The Image OPQ, appears undet

€p

an Angle, at the Eye-Glafs G, which is to
the former Angle Qe O, as eQ to PG, and
therefore the third Ratio of magnifying is

i And fo the whole Power of magnify-

PG’
ing is exprefled by a Compofition of thefe
: . L T
Ratios, 9%, — X — X ——,
e PG

12. To exemplify this, fuppofe the Diftance
of the Mirrours Vo = 1.6, and that vP =
0.1143, fo that VP = 1,7143; then will

the firft Ratio be .
1,7143

Diftance VP of the Obje&t, that of the
Image Vp will be found = 2,4 ; by Theor.
14, of the Theory. And therefore we have
ep == 1.2; and fo the fecond Ratio will be
M vie4

ép 1,2
of the Obje&t vp from the Convex Mirrour
— 0,8; we fhall find the Diftance of the

Image 3 P = 4, by Theor. 10, of Catoptrics 5
an

Then having the

Laftly, having the Diftance










Of Optical Inflruments. 223

? e e P 4
and therefore the third Ratio is — = —
o, §
if we fuppofe the focal Diftance PG, of the
Eye-Glafs G, to be : an Inch. So that the

. . : 6
whole Power of magnifying will be
L7043
X 2 X 5 56; that is, the Obje&t will

0,5
be magmﬁed 56 times by this Microfcope.
| . But the Author of this Microfcope
Iuppnfes the Object to be at 8 Inches from
the naked Eye, for diftin& Vifion; and alfo
sthat by fuch a Combination of Specubz;nﬁ;ff,
‘the Confufion arifing from an Aberration of
Rays is {o far avoided, that an Eye-Glafs G
'ma}r be ufed, whofe focal Diftance PG is not
greater than 0,18, or o,15 of an Inch, and
that then the Mmmﬁzopa will magmfy 300
times. 'They that will, may fee a great deal
concerning the Structure and Dimenfion of
Parts, with all the neceflary Cautions for
Workmen in fitting up fuch a Microfcope, in
the Author’s Remarks on his Treatife of Op-
tlcs, from Page 87 to ¢7.
14. This Microfcope being fo near allied to
'thf:: Reflecting Telefcope in it’s Nature, that
what might be here further faid with Rﬂfpe&
to the Aberration of Rays, &¢. will be referred
to thofe Chapters, wherein the Theory of thefe
;Telefmpes 1s more perfectly confidered.

CHAP
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G H A P XK

of Telefcopes in gemeral 5 and of the
common Dioptric Telefcope in parti-

culor.

1. HE Telefcope is the next principal and

moft vfeful optical Inftrument, The
Word is of Greek Derivation, and fignifies,
The Perfection of the Sight or View. For as
our Sight, at beft, extends not far with Di-
ftin&nefs, fo moft Bodies fituated on the
Earth, and all thofe in the Heavers, are fo .
remote from the Eye, that unlefs it were af-
fifted with a proper Inftrument, it would be
uncapable of a nice, diftin&, and compleat
View, and {o 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 Objects are made to feem near, fmall
apparent Magnitudes are enlarged, confufed
Objects are rendered diftinét, and the invifible :
and obfcure Parts of very diftant things, are
brought out to Sight, and rendered clear to
the View; which therefore it greatly perfedts,
and merits the Name it bears with the greateft

Propriety. -
3. Of
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3. Of Telefcopes there are two Kinds, ac-
~ cording to the two different Sorts of Vifion,
viz. by Refraltion through Lenfes, and Re-
~ flection from Mirrours. The Telefcope there-
- fore which is conftruéted with Lenfes, and
- performs it’s Effects wholly by refracted Light,
‘is called a Dioptric Telefcope ; and is that in
‘common Ufe. But the other Kind of Tele-
 {cope performs it’s Effects partly by Refleiion,
~and partly by Refraéfion, and therefore is
- compofed of Mirrours and Lenfes jointly ; on
- which Account it is called a Cata-digptric Te-
.« Jefcope, or, moft communly, a Refletting Te-
lefcope.
4. The, efiential Parts of a Digptric Tele-
W feope ar- two Lenfes, 4B and EY; (See
' Fig. 1. Plate XXVI.) of which 4B is called
‘the Obje&t-Glafs, and EY the. Eye-Glafs,
for the Reafons thofe were, in the Micro-
- fcope, fo called. Thefe two Glafles are fo
“combined 1n 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 Objet; the Rays then which
| ‘come from it to the Obje@-Glafs will be near-
ly parallel. Suppofe two of thefe Rays be
O 4, and B B, thefe Rays in pafling through
‘the Glafs 4B, will be made to converge to
\it’s focal Point F, where they interfe&t each
‘other, and pafs on to the Eye-Glafs EY ; but
F being alfo the Focus of the Glafs EY, thefe
3 P in
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“in paffing it will be again made parallel, anc
{o entering the Eye, will produce diftinit Vi-
Sfion of the diftant Objec? OB, according
the Theory.

6. The Eye fees it alfo magnified ; for O
being vaftly diftant, the Length of the Tele
fcope is inconfiderable in Regard of it; an
therefore fuppofing the Eye viewed from th
Center of the Obje&t-Glals C, it would fee i
under the Angle OCB; let OC and BC
produced to the Focus of the Glafs, they wi
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 para
Rays proceed te the ocular Lens EY, the
will be converged in it's Focus D, and th
Eye will there {ee the Image under the Ang
E DY ; all which is evident from the Princi
ples before laid down. _

7. Therefore the apparent Magnitude
the Obje&, feen by the naked Eye, is to tha
which is viewed in the Telefcope, as t
Magnitude of the Angle OCB, or ICM,
to that of the Angle EDY, or IGM: (f
fince GD:=+GE, iand IV =EY, §
Angle EDY = IGM) But the Angle IG
is to the Angle ICM, as CF to FG. (
Art. 9. Chap. II. of this Part.) Therefore ¢
Magnitude of the Object by the naked E
1s to that by the Telefcope, as CF to F
that is, as tbe focal Length of the Objeit-Gla
to the foeal Length of the Eye-Glafs. | 1

: 8. T
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- 8. The Object will alfo appear inverted by
this Telefcope, in the Focus 1M, the Reafon
of which has been explained in the Conftruc-
tion of the Microfcope with a fingle Eye-
Glafs, and is evident from the Scheme itfelf.
And, in fhort, they who underftand the
- Doctrine or Theory -::rf the Microfcope, muft *
‘needs know that of the Telcicupe becaufe
the Analogy of Conftruction in both is fo
~very much the fame.
. 9. As to the Power of magnifying by thefe
« Telefcopes, it appears from the foregoing Pro-
portion, (Art. 7.) to be capable of vaft Aug-
.mentation ; becaufe the focal Length of thc
Obje&-Glafs CF may be vaftly increafed,
‘Regard of the focal Length of the Ey e-Glafs
F G, in the lengthening of the In{trument.
: 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-
{cope, 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-
scient ; 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 diftin&.
.~ 11. Again, if you would ufe an Objet-
- Glafs of 40 Feet focal Length you fit there-

ilo an ocular Lens of 3 3 Inches, and then
P 2 will



| digious an Effe&, has been exceeded by Te

228  Of Optical Inflruments.

will fuch a Tube magnify the Diameters of
Bodies (with the fame Diftinctnefs) near 14c
times. If, laftly, the Length of the Focus
-in the Object-Glafs be 100 Feet, or 120q
Inches, then an Eye-Glafs of g or 6 Inches
‘Focus will be fufficient; and fuch an one wil
magnify the Diameter of Objects 200 times;
the Surfaces 40000 times; and the Solidity
8oooooo times; which, though it is fo pro

lefcopes of this Sort made by fome Artifts;
particularly that of Mr ngem which was
120 Feet long. !

12. But then thefe very long Telefcopes
magnifying fo much, are not fit for viewing
Objects on the Earth becaufe they have not
Light enough when thus magnified, to renden
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 10 times lefs in Diameter (andj
confequently 1oo times lefs in Surface). of the
Object reprefented by the greater Magnifier,
than by the leffer; but the Light on the Sur
face of the Object being the fame, it is plair
the Quantity of Light in the jacczf Area, (
the fame Dimenfions in each Tube) will be
100 times lefs in the great Telefcope, than ind
the fmall one; and therefore a Telefcope a
bove 6 or 8 Foot long, is not fit for terreftrial

Ulfes.
13. Wha

=]
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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 Tubes; but when the
‘Tube 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 Apertu:e of 3 Inches.
. But the Light entering by thefe Apertures,
- will be as the Squares of their Diameters; that
" is, as 1tog; or g times more Light will en-
~ ter the Aperture of the greater Lens, than
that of the lefler ; 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

‘55: 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 g to 55 nearly; that is,
' ‘above 6 times greater upon the Image in the
leffer, than in the larger one.

14. Since the Power of magnifying, is the
- Proportion of the focal Length of the Object
and Eye-Glaﬁ‘es and this Plopurtmn being to
be varied in any Degree, in any Length of a
Telefcope, it may feem ftrange that a fhort Te-
lefcope will not anfwer that Purpofe, as well
as a long one. But they who thus think, muft
xg:onﬁder, that if the Power of magnlfylng be

Fa augmented,
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dugmented, 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 reafon
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 a
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 ¢ times, (viz. makes it as ;=) then
muift 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 cnough to illaminate the Obje&. On.
both which A¢counts, the Defign and Ufe of
a Convex ocular L.ens would be fruftrated.

16. But fuppofe you require it to magnify
but zwice as much as before, vrz. that the
Power be as 7 i ; even this can’t be done con-
veniently for the fame Length of the Tube.
For, (1.) The Lens being but } an Inch fo-
cal Length, will not admit ap Aperture of
above — of an Inch conveniently, to view!
the Object diftinétly, 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 !
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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 diffinit
Vifion.
- 17. On thefe, and fome other Accounts, it
is evident, that if we would increafe the Power
of magmfymg, we muft neceflarily increafe
the Length of the Telefcope, by ufing an Ob-
je&t-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-
preffed by the propofed Degree of magnify-
ing ; and the fame Number {quared, and mul-
tiplied by the focal Diftance of the Object-:
Lens of the leffer Telefcope, will give the fo-
cal Length of that required.

19. Thus if the Telefcope, in Art. g, be
the given one, or Standard, whofe Power:
is 75 and you would increafe this Power once
and an balf, or make it —, then muft the

Eye-Glafs of the Enlarged Telefcape be 14
X 4 Inches;
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Inches; the Square of which is 23, which
multiplied by 3, is 6 # Feet for the focal
Length of the Obje&-Glafs in the Telefcope
required. Again, if it be required the Tele-
fcope fhould magnify zwice 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 Object-Lens. And thus a Tele-
{cope that fhall magnify 3 times as much,
fhall have -an Eye-Glafs of 3 Inches focal
Length, and an Objet-Glafs of 27 Feet,
And univerfally in Telefcopes of this Sort,
The focal Diftances of the Object-Glaffes, fhould
be always 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 Objeéts, 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 unwieldy, if made ftrong
in Wood: And therefore the Objet-Glafs is
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.
Aérial Telefeope,
21. For
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21. For Tubes in Telefcopes, as they an-

Afwer the Purpofe of a Dark Chamber to re-

prefent the Images of Objeés in, have here
no Ule in that Refpect; for the Night being
the Time for Aftronomical Obfervations with
the Telefcope, it is generally dark enough of

itfelf, 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.

22. Tho’ the brighter the Objec, the lefs
the Aperture of the Obje@-Glafs thould be;
thus in viewing the Sun, or Venus, we are

~ 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

Object 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 viewing terreftrial Bodies, this
Inverfion of the Obje&t can’t be admitted ; it
would be unnatural and difpleafing to fet the
Earth above, the Sky beneath ; Houfes, Trees,
Ge. turned Toply-turvy, &e. To remedy
this Inconvenience therefore, there are added

~ two other Eye-Glafies, L. N and RS, (See

Plate XXVI. Fig. 2.) which ere& the Ob-

je&t, and fo make all things appear in their

natural Pofitions.

24. In
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24. In order to effet this, the firft of thefe
two Glaflfes; vrz. 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 interfect each other, by
the firft Glas EY, in it’s Focus D, and at
the fame Time, the Rays of each Pencil made
parallel; thefe Pencils will be rendered paral-
lel by the fecond Glafs LN, 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 colle¢ted together in it’s
Focus P, where their Rays again made pa-
rallel, render this ere¢t Image diftinétly wvi-
fible. All which is evident from the Scheme,
and the foregoing Theory.

25. Notwithftanding it is ufual to ufe three
Eye-Glafles, as before explained ; yet two
will erect the Obje®, and keep the fame
Magnitude of the Image. For fuppofe the
middle Lens L N, taken quite away, if the
firft Lens EY, be placed at D, which is
double it’s focal Diftance from the Image
IM; it will, at the {ame 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, 17. Chap. II.
of
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of Dioptrics) that is, it will be juft the fame
in Magnitude, Pofition, and Place, as it was
by two Lenfes.

CHAP. XIL

Of Galileo’s Telefcope, or Profpeitive
i GZ"?/‘;’

I HIS is a Telefcope compofed of a

Convex Obje&t-Lens 4B, and a Con-
cave ocular Lens EY. (fee Fig. 3.) It 1s the
firt Form we haye of a Telefcope, and was
invented, and applied to Ufe, by that celebra-
ted Italian 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 Lens, in Chap. IX, al-
ready explained. For this Telefcope repre-
fents ObjeCs diffini? and ereé?, and magnifies
them in Proportion of the focal Length of the
Objeét-Glafs, to the focal Length of the Eye-
Glafs ; and the Eye the nearer it is applied to
the Lens EY, the larger Area if takes in s
and ftill greater there /n Proportion to the
Largencefs of the Pupil of the Eye; the Reafon
of all which has been there explained, and is

evident
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evident in comparing the Figure of this Tele-
fcope and that Microfcope together.

3. Now though the wjfible Area, or Field
of View, in this Telefcope, depends on the
Pupil of the Eye, yet it is of much greater
Service here than in the Microfcope ; becaufe
in that the {mall invifible Parts of near Bodies
were to be magnified in a very large Image,
of which the Pupil can také in but a {mall
unfatisfadtory Part; whereas in the Tele{cope,
the Parts of large diftant Bodies are to be ren-
dered diftin& in a {mall Image, in the Focus
of the Obje&t-Lens, which Image the Pupil
of the Eye can generally take entirely in,
and thereby view the whole Obje&, or Pic-
ture of Objects, at once, which is fufficient
Satisfaction.

4. I fhall make this eafy by an Example.
Fig. 4. Let 4B be the Objec-Lens of this Te-
lefcope, 4 Feet focal Length, and EY the ocu-
lar concave Lens. Let O B be an Obje&tobe
viewed, whofe Height is 40 Feet, and Diftance
A0 3 Miles, or 15840 Feet. Now fince it
was fhewn. in the Theory, that the Obje&t
and it’s Image are as their Diftances from the
Lens A B, fay, As the Diftance 40 15840,
isto BO 40, fois the focal Diftance of the
Lens AB 4, to.en of 2, Foot forsthe
Length of the Image I M, which is about 35
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 view the whole
Object




L

edged, that there is fome Difficulty in find-
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Obje& O B, at once, with great Pleafure and
Satisfaction.

5. If the focal Length of the Concave be
1 Inch, then will the Object 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
Perfon, by the Help of the Telefcope, will
be as well able to view the Objeét 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 Objeéts ;
but ftitl of much greater Ufe for viewing of
the heavenly Bodies. For an Object-Lens of
5 Feet Focus, will bear an Eye-Glafs of but
1 Inch ; and fuch a Telefcope will magnify the
Diameters of the Planets 6o times, and their
Surfaces 3600 times, which is fufficiently
enough to render the Spots in the Sun, the
Horns of Venus, the Satellites of Jupiter, and
Ring of Saturn vifible, if well managed ; the
Truth of this I know very well by Experience.

7. Again, the Field of View being fo {mall
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-

l[}g
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ing Objets thus with Telefcopes, more than
in the other Sort to Perfons not ufed to them.
8. The principal things which recommend
this Telefcope, are, (1.) That it is cheaper
than the other, having but one Eye-Glafs in-
ftead of three. (2.) It is fhorter than the
other with Convexes, by 8 or 12, or 16 Inches,
fometimes, though the Power of magnifying
be the fame in both. (3.) The Vifion is more
diftin&t and perfe&, the Rays being not fo
much loft and refracted thru’ one very thin
Lens, as through three very thick ones. In
fhort, were People aware of the Ufefulnefs of
this Telefcope for Aftronomical Purpofes, they
would be much more frequent than they are,

CHAZX
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CH AP X

Of the manifold Ules of a Disptric
Telefcope, viz. in [bewing the Spots
of the Sun, Eclipfes, &c. in a dark
Chamber 5 in Surveying and Level-
ing 5 in Meafuring the Diflances of
Objebls at one Station y and divers
Aftronomical Purpofes. |

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 pmnt

out and defcribe in this Chapter.

And, firft, zo view the Spots in the Sun
fbrﬂﬂgr.: this %feﬁﬂpf Fit the Telefcope to a
Focus for viewing the celeftial Bodies, and

~ then take a circular Piece of plain and clear
.~ Glafs, and hold it a little above the Point of
~ the fteady Flame of a Candle, till it be uni-
~ formly blackened over with the Smoke ; then

applying this {moked Glafs before the Eye-
Glafs next the Eye, and you will be able to

. view the fplendid Face of the Sun without
~ Offence to the Eyes, and with Pleafure fee

the
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the various Spots, &e. difperfed here and there :
upon it. St !

3. But the beft Way of viewing the Spots |
in the Sun, is by fixing the End of a Tele-
{cope of about 4 or § 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 Object-Glafs A 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 exatly in the
Focus F of the Eye-Glafs, to produce di-
ftiné& Vifion.

4. For then the Rays EO, YQ, proceed-
ing from any Point O in the Image, would
have pafled 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 EGY, 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 Diop-
¢rics. In this Focus R therefore, the Image
IOM will be formed anew, and in an eref?
Pofition, in the Image I R M.

5. The Diameter I M of this fecondar
Image, is to the Diameter of the former I M,

as the Diftance GR, to the Diftance GO, by
the




Of Optical Inflruments. 241

the Theory. Thusif GO be 1 of an Inch,
GR will be 5 Inches, and fo the Diameter of
the Image 7 M, to the Diameter I M, as s
to 1 4. If the Focus GF be 1 Inch, and
it’s Diftance from the Image FO be < of an
Inch; then will GR be 11 Inches, viz. 10
times as large as GO, and therefore 7 .M will
be 10 times as large as I 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 Paper held in that
Focus R, will receive the vaft Image 7 M of
the Sun’s Face, and the Spots therein will be
very large and diftin€t. I have fometimes ex-
hibited the larger Spots this Way, near an
Inch in Diameter. The Moon may likewife
be thewn 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
any, fhewn to an Advantage. This is a moft
agrecable Sight.

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 crofling each other, they pro-
ceed to limit the Extremities of the Image
IM.  Now ID M is the Angle under which
this Image is feen at the Diftance DR, by the
Eye, and is equal to the Angle EDY: But

5 158 the
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the Angle EDY is a little larger than it would
be, if the Image 1M were in the Focus F &
(becaufe G C 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¢t Vifion.
6. In Surveying, the Ule of the Telefcope
is admirable ; the Bufinefs here is to take the
angular Diftances between diftant Objects on
a Plane truly horizontal; or elfe the angulal
Elevation, or Deprefiion of Objeéts, above of
below the Plane of the Horizon; in order te
obtain either of thefe Sorts of Angles to a re
quifite Degree of Exa&tnefs, it is neceflary- the
Surveyor fhould have as clear and diftinct 2
View, as poflible, of the Objelts, or Station
Staves, which he fixes up for his Purpofe, tha
he may more certainly determine the Point ort
Part of the Objet viewed, which exaétly col
refponds to the Line or Edge of the movable:
Arm (or Alidade) on the Theodolite, whic
cuts off the Degrees and Minutes containedt
m the required Angle.
© 7. Now as thefe Objects are generally at
too great a Diftance, for the Surveyor to bef
able to difcern fo well with the maked Eye,
he takes the Afiiftance of the Telefcope, and
thus obtains his Ends compleatly on two Ac
counts, vzz. (1.) His having a more perfect
Sight of the Object, by the magnifying Powe:
of the Glals; and, (2.) His being able toj
| determine:
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~ determine the aforefaid Point in the Obje&t

?‘ hy means of the Crofs-Hairs in the Focus of
the Telefcope.

" 8. That he is affifted greatly, in the Sight
~of his Obje@s, by means of the Telefcope, is
ewdent 3 for fu pc}ﬁ: the Telefcope were but

13 Inches lnng, it will admit of an Obje&t-
aFLens of 12 Inches, and an ocular Lens of

’IFI Inch, and will therefore magnify the Dia-

. meter of Objecls 12 times; that is, it will

« make the Obje&ts appear 12 times ncarer to

the Sarveyor than they are, and confequently

~ he can view them 12 times more diftinétly
 than by the a#ked’ Eye.

* © 9. Again, in the fecond Place, by means

-~ of the Crofi-Hairs in the Focus of the Tele-

* fcope, he is able to determine exacily that

" Point or Line in the Obje@, which is in the

.;i"'Planc that pafles through the Center 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 Interfection being exaétl}r

{ in the Axis of the Tube; it follows, that the

Point in the Object, which anfwers the Point

{ of the Interfetion of the Wires, or the Line

| In the Objeét, which is covered by the verti-,

{ cal Wire in the Tube, is the Point or Line,

| j*l‘t‘:ql:urrct:'l and which alone can give the Angle

Qe 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, 7o meafure the Diftance ofi
an Olbject at one Station. This is the great
Defideratum of Geometry, which furnith
Methods enough to do it at #wo or more Sta
tions, but none at oze. Yet this, in Theory,,
1s perfected by the Telefcope, and in a goo
Degree to be afcertained in Practice. |

11. The Theorem for this Purpofe is nb-qi
tained from Theor., 16, Chap. I, of Digptrics,,

-
VIZ, 5 . = =) For hence we have dr =
dy—yr, and then dy —dr =yr, whences
we have thissAnalogy, y—:7::y:4d; thati
is, in Words, As the Difference between tbej
Jocal Diflance of the Object, and Radius of
the Objelt-Lens is to the faid Radius ; [o is the
Jocal Diftance of the Object, to if's true Di-
flance from the Object-Lens. But the thre
firft Terms of this Analogy are known, o
may be known very eafily ; and therefore th
fourth Term or Diftance of the Objet i

given, .
12. For the Radius of the Obje&t-Glafs i
known by holding it in the Sun, and meafur

ing the Diftance of the Sun’s Image ther
from, when brightelt and moft diftin&, f
that will be the Radius of the Lens, as was
{hewn!
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fhewn 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&t
begins to appear obfcure, and mark that Place
on the Tube precifely; again, draw out the
Tube till the Obje&t begins again to be ob-
- {cured, and then make another mark on the
Tube at the End of the Drawer, as before.
Laftly, take the middle Point between thefe
fwo Marks, and that will be the Point where
the Image of the Object will be formed moft
diftinct, which you are to meafure nicely
from the Object-Lens, and you have the Data
required, An Example will render this Mat-
ter eafy.

13. Let 4B be the Obje&t-Lens, EY the
ocular Lens, EC the Radius of the Lens 4B,
and CF the focal Diftance of the Obje&t OB,
whofe Diftance QC, from the Glafs 4 B, is
to be meafured. (See Fig. 1. Plate XXVIIL.)
Now fuppofe CF = 48 Inches, or 4 Feet;
and you find, by the Method above, that CF
is 50 Inches; then F F is 2 Inches, and the
Analogy is, As FF =2, is to CF = 48;
fo:is CF = 50, to. CQ_= 1200 Inches, ar
100 Feet; and fo far is the Object 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 ; Inches;
then 5: 48 :: 48 4: 9264 = QC, or 772

Q_3 cet,
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Feet. So that this Telefcope: will meafure
only {mall Diftances. :

14. But fuppofe 4 B a Lens, whofe Ra-
dius, or folar Focus CF = 12 Feet, or 1424
Inches; and you find by the above Method,
(in Art. 12.) that CF is 146 Inches; then will
F F = 2 Inches; and then by the Analogy,
As 23 144 7146 121024 Feet =: Q.C; o=
1752 Feet, the Diftance of the Chjeét. 1If
with this large Telefcope you look at an Ob-
je¢t OB, juft 100 Feet diftant from the Lens
AB, it will give CF = 163 £ Inches, and
therefore F F will be 19 4 Inches. On the
contrary, fuppofe in viewing an Obje&t OB, |
you find F F but - of an Inch, this will give
the Diftance of the Object CQ = 17292
Feet, or 3 § Miles nearly. _

15. Since then the Difference F F, between
the Radius and focal Diftance of the Objet,
is fo confiderable as 2 Inches in a Tube of
4 Feet, and 18 in one of 12 Feet; it is ealy
to contrive Methods for thewing the Diftance
of nigh Obje&s by the former, and of very
diftant ones by the latter, by Infpection only.
For it is but well adjufting or drawing a {piral |
Line round the Drawer, or Tube, thro’ the
two Inch Space in the {mall Telefcope, and
by Calculation graduate it for every 100 Feet,
and the intermediate Inches, and you will no
fooner view an Object, but at the fame Time
fee it’s Diftance upon the Tube. )

16, But

i
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16. But in regard of the larger Objed-
Lens, it might be a better Way to fix it in a
Scmptr:c Ball, in a darkened Chamber; and
at the focal Diftance of 12 Feet, on a Table
or Stand M N, fix up an Inferument confift-

ing of two Planes ABCD, EHKL, and a | 7

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&, wiz. 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,
. becaufe they will run very near together, will
. have the larger Space to be defined in.

17. Thefe Thmgs being done, it will be
eafy by the Screw to move the Plane EK
backwards and forwards, on the Space G F,

‘till the Image I appears moft plain and di-

ftin&, and then the Index OP (fixed to the
Serew) will thew the Diftance of the Objeét
on the graduated Spiral. The larger the Plane
AC 15, the more exactly will the Diftance of

- remote Objects be fhewn thereon ; if it be a

Foot il'guarc, it may do pretty well, but not
lefs. Note, the beft Way to get the true Place
of the Plane EK, will be thar. in Art. 12,

Q_ 1 Having
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Having juft hinted thefe things, I fhall leave
it to the Invention of the Artift to vary Cir-
cumftances.

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 Conftruction of others
will be eafily underftood. See Fig. 3.

19. This Inftrument confifts of a Telefcope
A B, whofe Object-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 exaltly as
poflible at Right Angles, or perpendicular to
each other. The Quadrant is fufpended by,
and movable about a Center-Pin D, paflfing
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 {mall Plate
N O, called a Nonius, 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 D C.
The Artifice of this Contrivance confifts in
this; the whole Length of the Nomius is

- 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::1:1—; 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 Nonius ftands exactly againft a Divi-
_fion on the Limb, and you will perceive in
the prefent Cafe, that it i1s at the 6th Divifion
of the Nonius; then, fince 1 Divifion gives
5 Minutes, (Art 20.) 6 Divifions will give
30 MIHHIES which fhews that the Index
points to 17° : 30" on the Limb. And hence
you fee the Reafon alfo, why they are num-
bered from the Right-Hand to the Left in

the Nonius.

- 22. If the Quadrant were fufficiently large,
not only the Minutes of a Degree, but the
Seconds of a Minute might be thewn by this
excellent Contrivance ; as in that callcd the
Mural Arch, in the Royal Obfervatory at
Greenwich, which is an Iron Quadrant with
a Brafs Limb, moft exaétly graduated, and
fixed into the Side of a Free-Stone-Wall,
which is in the Plane of the Meridian ; the
Length
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Length of the Radius 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; whick
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 Exaltnefs. Thus
fuppofe you would know the Altitude of a
Star, atany Inftance, dire& the Telefcope to
it, and bring the Star on the Interfection of |
the Crofs-Hairs, and the Nonrus will thew the
Degrees and Minutes of it's Altitude : Thus
the Altitude of the Sun is to be found for
many Parpofes, as of Dialing, &¢. And thus
the Altitude 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 heavenly 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,
an{wers to one Hour of Time, and 15 Mi-
nutes of a Degree to 1 Minute of Time; and
therefore 1 Degree to every 4 Minutes of
Time. '

- 2§5. But
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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 *u'pon the Interfection of the Crofs-

Hairs, and thus let 1t remain till the next

Night,” and then again obferve when the Star

‘comes to the wertical Hair; the Time be-

tween thefe two Moments is the Length of

- the Siderial Day ; and is ealy to be meafured

by a good Pendulum Clock.

26. When the vertical Hair in the Tele-
{cope 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
Moment between thefe, is the apparent Time
of Noon, and if the Hand be then at XII, the

Clock is true for the apparent Time ; if not,

it’s Diftance from it, on this Side or that, thew
how much the Clock is too flow or too fafk;
and having the apparsnt 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 fee in Treatifes of

- Aftronomy, &, but cannot expect in this

Compendiuny,

CHARY
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C Rt AT T s

Of the Colours of the Sun's Lights
of the different Refrangibility and
Reflexcibility thereof 5 and the Im-
perfettion of Dioptric Telefcopes a-

rifing from thence.

N the Theory we confidered a Pencil

of the Sun’s Rays refleted from Mir-
rours, or refracted thro’ Lenfes to one fingle
Poinf in the Axis thereof ; but that, firi&tl
fpeaking, is not the Cafe in Nature ; thougg
nothing to the contrary was underftood or
taught in Optics, till Sir Ifaac Newton’s Time.
That great Man was the firft, who difcovered
that a Beam of the Sun’s nght when re-
fleCted or refratted {o 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. He not 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
Colours thereby.

3. So much of this new Doétrine, as is°
neceflary to be known in Optics, or the Con-
 ftruc&tion of Inftruments, I fhall here relate
from his excellent Book on that Subject ; and
give the Experiments by which he made thefe
Difcoveries., The firft whereof is as follows.
Let A BC reprefent the tran{verfe 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

XXVIIIL)

.~ 4. Now this Beam GF, will be refracted
out of it’s natural Courfe E T, in pafiing 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 DX YE. 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 Spedtrum or Image X Y, of an oblong
Form. If the refracting Angle of the Prifm
ACB, be 64 Degrees, and the Diftance of
the Paper from the Prifm about 18 F erf]t,
: : 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 refrated 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 Refractions, or the different
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 Violer; the
leaft refrangible ER, are Red; the Order of
Colours, thro’ the whole Image, being as fol-
lows, Violet, Indigo, Blue, 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 Object with
Colours ; which makes it neceffary to exclude
fuch Rays as much as pofiible.

2. For that a Lens, as AB, Fig. 2, has
the fame Property as the Prifm acé, in re-
frating Rays, is evident from this Experi-

f ment,
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ment, viz, Let O be an Objet of a Violet
Colour, the Ray D A proceeding thence to
the Lens, and falling- on the Surface A« B,
at A, will be refracted from the perpendicular
-~ CD, to the Point E; but were the Obje&t 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 {o much refrac-
. ted from the perpendicular by the Lens, as
the Violet coloured Ray A E.
8. But the beft Experiment of this Sort, is
" to take a Slip of Paftboard, Card, &c. as
- ABEF, (Fig. 3.) and paint one half ABCD
Red, the other half CF Violet or Indigo,
and tying black Threads a-crofs it, fet it near
the Flame of the Candle G ; then takea 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 diftinctly in the
~ Image; and you will find the Focus of the
Viclet Part f¢, much nearer than that of the
Red a¢; which plainly thews, that Bodies of
different Colours can never be fhewn without
fome Degree of Confufion, by Refraction
thro’ Lenfes,
- 9. The fame Author alfo found that the
Rays of the Sun’s Light were differently re-
flexible, or that fome Rays of a Beam of
- Light were reflected farther from the perpen-
- dicular to the reflecting Surface than others;
- and alfo that thofe 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
refracted 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 Effeéts 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 refrated at O,
into the different coloured Rays OV, O]I,
OB, OG, &c. 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 refleted at the
Point M ; and there will vanifh 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. fucceffively to the leaft refracted

or red. Hence it is very manifeft, that the
Plane
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~ Plane BC, did firt of all refle@ the moft re-
frangible Rays and the reft in Order to the
;eaf’c refrangible ones, which were reflected
aft

~12. This he farther illuftrated by adding a
fourth Prifm X Y Z, to receive the reflected
-aBﬂam MN, and to refradt it upon the Paper
Jat vg. For then the Light N O, which in
s’ft}lﬂ fourth Prifm is more rcfra@tod will be-
© come fuller and ftronger when the uzght oV
* vanifhes at V; and {o as all the reft vanifhes

gat I B¢ E‘fﬂ the coloured Light at ¢, 5,
1 & &c. becomes increafed fucceflively, that

. 1s, the Colours at 7, 4, g, are increafed, while

Ezthnfe at v, 7, b, receive no farther Increafe

And as the traje&cd Beam MO, is always of
fuch a Colour, as ought to refult from the
Mixture of Cﬂlours at VG ; {o the reflefted
" Beam is always of that Culour as refults from
' the Colours at vg.

* 13. Thofe Rays which have a peculiar De-
gree of Refrangibility, aud are tinged with a
?rﬂper fimple Colour, are called Hﬂﬂfﬂgﬁﬂm!
Light, and all others Hez‘erﬁgfﬂm! Light. Let

AC be a Ray of heterogeneal Light, falling
upon a2 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 greateﬂ' Refrattion,

and CE of the leaft, (See Fig. 2.) The Sines
of thefe Refractions are GD and EF, and

af the incident Ray AB. Sir Ifaac Newton
: R ' - has
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has thewn that AB is to GD, as 5o to 78,
and to FE, as 50 to 77. (See his Optics,
page 73.) Make GI and F H equal to A Bj;
then will ID and HE exprefs very nearly
the greateft and leaft Degree of Refrangibili-
ty, and are to each other, as 28 to 27. Seo
that ID exceeds HE by a = of ID; an
therefore we may take this Difference of th
greateft and leaft Refraction to be a 27 ; Pa
of the mean Refraction.

14. Let AB be a Plano-convex Lens,
(Fig. 3.) Q_it's Center of Convexity; Q.
it's Axis produced ; D A an heterogeneal Ra
parallel to the Axis, which by the Lens at ¢
Point A, is refracted into all it’s homogene:
Rays, of which AL is that of the leaft R
fraction, AK that of the greateft, and A
that of a mean Refraction. Suppofe in lik
manner another Ray E B, refracted into BN,
BM, and BO. Thefe Rays interfeét th
Axis in the Points F, O, G. And thofe o
greateft and leaft Refraction interfet eack
other in H and I. And therefore HI is th
Diameter of the Circle, in which the Rays o
every Degree of Refraction will be found.

15. Draw DA P parallel to the Axis QG
and H P perpendicular thereto. Then wil
PH, PO, PI, be the Sines of the lagff!
mean, and greateft Refractions, or of the An
gles HHAP, OAP; and 1AP, or of the An
%lﬂs equal to them, AGC, AOC, AF

ut the Sines of the Angles AGC and AOC
| ar
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are as the Sides AO and AG, or as CO and

CG nearly (by Princip. IT). Thus the Sines

of the Angles AOC and AFC, are as CF
and CO; confequently PH, PO, and PI,
tare as CF, CO, and CG, which therefore
- may rr:prf:fent the leaft, mean, and greateft
Refra&ions.

" 16. Now fince F G is a 28th Part of CG,
“(by Art, 13.) OG will be a g6th Part of CG:
But fince the Triangles HOG and ACG are
imilar, OG:CG:: OH:AC:: HI: AB
::1: 56; that is, the Diameter of the Circle
H I, into which all the Rays which come pa-
- rallel from any Point of an Obje&, are col-
lected by a Plann-convex Ob; E& Lens, is the
~ 56th Part of the Diameter uf the Aperture of
the faid Objeét-Lens.

1. What this Diameter H I is, in the Fo-
cus of refleted Rays, may be thus fhewn.
Let A B be a Concave Speculum, whofe Cen-
ter is Q; DA a Ray parallel to the Axis QY,
and refle€ted moft of all towards F, fuppofe O
the Focus of Rays of a mean Reﬂf:&mn, and
draw OI perpendicular to the Axis, which
will be the Semidiameter 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 talien at fuch a Di-
ftance from the Vertex C, that FA may be
equal to FQ_: In which Cdfﬂ on I defcribe

_hﬂ Semicircle Q AY, cutting the Axisin Y ;
R 2 thm
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then fhall OF be equal to 4 CY. For OF =:
F—QO, and fo 20F =2QF —2Q0
?:QYC}—- OC =.CX ; ;and thetefore: 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:: 01: AC, the Rati®
of IO to AC, the Semi-aperture of the Glafss
will be known.
19. For Example. Suppofe the focal Lengt
O C of the Speculum A B be 12 Inches, and
the Angle AQC = 2° 3"'; whence the Arc
A C will be very near ; an Inch. Then i
the Radius QA or QC = 100000, the Se
cant QY will be 1090955 thﬂrﬁfﬂrﬂ CY =
———, the half whereof %5255 = FO. Sinc
then FO 15 the =55 Part of QC, it willl
be the 23— Part of O C; and therefore I
will be the fame Part of AC, which is nea
20 times lefs than a = Part, as in the Con
vex Lens. ‘
20. If each individual Point of an Objeé
were to affe¢t but fingle or individual Pointg
on the Retina, the Picture there made woul
be ablolutely perfect, and the Idea convey
to the Mind, or Fifion, would alfo be perfe&-
ly difiiné? ; but fince it has been thewn, tha
Rays coming from any fingle Point in an O
ject, and colleted by a Lens, Mirrour,
the Eye, do not reprefent that Point in a
Point, but circular Space of the Piture ; and
fi

ol
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fince every Point of the Picture 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 thls Spacc wﬂl be
affeGted or covered with all thofe Circles,
whofe Centers fall within it’s own Circumfe-
rence: I fay, from all thefe Confiderations it
1s very manifeft, the Picture muft be extreme-
ly confufed and indiftinct, and confequently
the Vifion will be fo too; and that in Pmpor—
tion to the Area of the Circle, Confufion is

painted in the Piture on the Retina of the |

Eye.

21. Now fince the Areas of thefe Circles,
formed by refle@ted Rays, are incomparably
lefs than thofe formed by refrated Rays, it 1s
evident, the Vifion by refleting Inftruments
- muft far exceed that by refracting ones, and
confequently that refleting Telefcopes are
vaftly preferable to refracting ones in their
Effelts, as well as Conveniency of Form; to
the Theory of which I now proceed.

B CHAP.

Yo
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GCH &L 0V,

Of the Cata- dzapz‘m: or Reflelting Te-
lefcope 5 it's Theory, Conforuction,
and Ule.

H E imperfet Vifion, by Diﬂtptric

Telefcopes, of a great magnifying
Power, unlefs very long, which then were
very cumberfome and unmanageable, gave the
Opticians Occafion to meditate and contrive
fome Method of fhortening, and making this
excellent Inflrument of a more commodious
Form, and of more general Ufe.

2. This, from the Nature of the Science,
they were foon convinced, was to be effected
by chzr.rz’rm and therefore {feveral Perfons,
in feveral Parts, began to contrive and make
Refleting ﬁ:’;ﬁapﬁ, fome 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.

The Form and Manner of the Grego-

rian Teieﬁ:upe was as follows. In Fig. 2.
let ABEF be a Tube open at the End AF,
towards the Object; at the other End he
placed
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placed a parabolic Concave Speculum BE,
with an Hole CD perforated in it’s Vertex ;
a little beyond the Focus e 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

CDKI, containing an ocular Lens of a co-

~ noid Form on one Side, and plain on the

~ other.,

4. Now fuppofe a, 4, two parallel Rays,
falling on the Speculum BE, in ¢, 4, from
thence they are refleted to, and collected in,
it’s Focus ¢, where the Image is formed and
inverted ; this Point e is alfo one Focus of the
Elliptic Speculum G, and therefore the Rays
coming thence, and falling on G, are by it
refleCted to the other Focus thereof, in the
little Tube at /. Here again the Image is re-

~ formed, very large, and erect, which being

alfo in the Focus of the Plano-conoid Lens
1K, is feen by parallel Rays very clear and
diftinét.

5. Such was the Form and Theory of the
original Gregorian Tube, but the Doctor, be-
ing deficient in Mechanics, never brought it

to Perfection, but propofed it for others to

execute. He had alfo fpherical Speculopas’of
Metal, but could not ufe them for want of a
good Polifh. And thus nothing was done
in the Telefcope of this new Invention, till
about the Year 1666, when Sir Ifaac Newton

thought proper to alter a little the Conftruc-
| R 4 tion
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tion of the Gregorian Tube, and inftead of
placing the Eye-Glals at the End, he put it
into the Side of the Tube, as in Fig g,

6. Where ABEF is the Tube, BE the
Obje& fperical Concave, which reﬂr:ﬁ the pa-
rallel Rays a, 4, to a fmall plain Speculum G,
placed a littde within the Focus of B E, and
{0 as to throw the converging Rays directly to
the Side of the Tube, upon a f{mall Eye- "
Glafs I, placed in a Hole therein; and the
Situation of the Speculum G was fuch, that
the Focus of Parallel Rays from BE, was
made to fall exactly on the Focus of the Eye-
Glafs in e¢; and confequently the Eye muft
then have diftin& Vifion by Parallel Rays.
This was the StruGture of the Newtonian
Tube.

7. A few Years after one Monfieur Cgffe-
grain publifhed a Defcription of a Reflecting
T'elefcope, 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 Telelcope is, that the fmall Specu-
lum G 15 in this 2 Convex, and in Dr Gre-
gory's a Concave. And therefore this of Mon-
fieur Caffegrain’s fcems to be only that of
Dr Gregory’s difguifed.

8. About this Time alfo Dr Hook 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 Hul?_

0
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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 a
Letter he wrote about it to fome Lord.

9. To thefe feveral Forms, I fhall add one
that I contrived for my own Ulfe, which is
fomewhat of the Newtonian Structure, 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 reflected

. perpendicularly and parallel on the great Con-

cave B E, in the Bottom of the Tube; from
thence they are refle€ted converging to a Fo-
cus ¢, through the Hole of the Plane CD,
which being alfo the Focus of the Eye-Glafs
IK, the Eye will perceive the Object very
much magnified and diftinct.

10. Now though the Forms and Stru€ture
of thefe feveral Tubes are different, yet theie
Effe@s all flow from one Principle, viz. The

fuperior Perfeltion of reflex Vifon. For they

all perform their Effeéts either by one Reflec-
tion, as Fig. 3 and 6; or elfe by two, as
Fig. 2, 4,and 5. And an Image formed by
reflected Rays 1s fo very perfect and diftin&,
that it will bear viewing with an Eye-Glafs

of
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of 2 much fhorter focal Diftance, than when it
is painted by refracted Rays; fer in that Cafe,
if it be magnified too much, the Confufion
of the Picture will be rendered fenfible, and
the diftin¢t Vifion of the Objeét entirely im-
peded.

11. I thall firft confider the Effe@s of the
Gregorian Telefcope by two Reflections. In
Plate XXXI. Fig. 1. ABEF 15 the Tube
containing the great Concave BE, and little
one G; let 4,4, be two Parallel Rays coming
from a vaftly diftant Object OB, and falling
on the Concave in the Points ¢, 4; from

‘hence they will be refleGted to the Focus ¢,

vrhere they form an Tmage I M inverted. Let

f 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 refleGted by the little Con-
cave to another Focus £, and there crofling
again form another Image I M, which will be
now in an erect Pofition; and being fuppofed
in the Focus alfo of the Eye-Glafs K L, the
Eye will fee a Part of it very diftinét, and
greatly magnified. This has been in every
Part fo particularly demonftrated, in the
"Theory and Prattice of Cazoptrics, that I need
riot here again repeat it.

12. Now as to the Power of magﬂyﬁr.zrfg, b

ket A Q_and g Q_be two Rays coming from
the Extrtmnms of a diftant Objec, and meet-
‘ing
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ing in the Center Q_of the Speculum BE;
thefe Rays will terminate the Image I M, be-
caufe the Obje and it’s Image are both feen
under the fame Angle ¢ Q 5, to an Eye at the
Center or Vertex of a Speculum, by Art. 5.
Chap. IV, of Catoptrics. Now this firft Image
IM may be confidered as an Objedt, with
Refpect to the fmall Speculum G, whofe
Image I M is formed in the Focus £, and
terminated by the Rays G and M G, drawn
through the Extremities of the Object I M.
This fecondary Image 1 M, is that which is
viewed by the Eye-Glafs K L, under the An-
gle IN M, fuppofing it could be all feen at
once. And therefore the Obje& is to the
Image in this Telefcope, as the Angle ¢ Q A,
to the Angle I N M.

13. But thefe Angles are in the compound
Ratio of Qe to ¢G, and of 2G to £N, for
the Angle IQM isto IGM, as ¢G to eQ;
and IGM (=1IGM) is INM, as 4N to

IGM INM
£2G ; and therefore

X
IQM IGM
IN'M) — Qe X E—G That is, the Angle
1QM ¢eG kN
IN M, is to the Angle IQM or g Q4, as
Qe x kG is to ¢eG x £N. All which is
demonftrated in Chap. II, of this Part.

14. Hence as Qg, the focal Diftance of the
Object Speculum BE, is increafed, or n’fl}\l’,
the

=
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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 I M only wirfual, or behind
it, and the Image I M inverted, other things
being the fame.

15. If the focal Diftance %g of the Ob-
jet-Speculom 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_4,
there is known ke ; then put ke = X,
Ge=4d, and Gf = 3 r; and we fhall have

dr

X%dm A — 7 3 by Thear. 14.
2d—r
Chap. I1I, of Catgptrics.
d
16, Then — —| 1| X -d= :
2d —r
!
Therefore - 2 f_‘i?r l__ja:i_ Xr
2dX -+ 2dd—Xr
Add dr, _ 3{=zdr__ .
' 2dX - 2dd —2dr
And by Tranfpof.—| 4 {= 8

Divide
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i dX - dd—dr
Divide b}FZ et e {:&}j(r.
Put 61X —r=22
Then 7|4d - 22d = ; X7r.
| i a’d—[—de—[— ZZ
Compare the Squ. 8 — 1 Xr-}Z2Z.
Extra& the Root —| ¢ d-Z=vXr T2 Z.
. Therefore 10 b il

| — 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 lefler 1 Inch; and let it be propo-
fed to have the fecond Image, or Point £, at
1 Inch, before the Mirrour B E; then will
X-—ke:_g, § ==, andX—-rm—zz 15
and fo Z = 1.5. Whence by the Theorem,
(Art. 16.) we fhall find d = 1.192. See the
Operation.

1 X7r = 5

VA Ei

s Xr1-ZZ = 725 (2 692=viXr+ZZ.

A
46 ) 325 L.ige == d == te
276 -
529 ) 4900
4761
.13900

13. ﬂavmg
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18. Having Ge = 1.192, and Qe = 6,

6
i , which is the firft Part

have — —
e B myp

of the magnifying Power. Then if the fo-
cal Diftance N £ of the Eye-Glafs be 1 2 of

GEk -6
an Inch, we have — = 19%  And there-
N Z% 1 8

Fore ging_ 6 x6.192:37.15’z

e NGB g8 LB 1.49
== 25 very nearly. Therefore an Eye-Glafs
K L, whofe focal Diftance is N2 =1 % of
an Inch, will magnify 25 times, and if N#
be but £ Inch, it will magnify the Diameters
of Objects above go times.

19. There 1s one Cafe when the Power of
magnifying will be, as the Sguare of the focal
Diftance of the great Mirrour, to the Reélangle
under the jfocal Diftances of the fmaller Con-
cave, and the Eye-Lens. And that is, when
Q£ = fe; for then the faid Power will be as

gﬁ-: E{E Thus fuppofe Q¢ = 6 Inches, and

Gf = Nk = 1 Inch, fuch a Telefcope will
QexQe 6x6
Gfx NE o gl

magnify 36 times; for

— 36.

20. If Qg, the focal Diftance of the greater
Concave B E, be ¢ Inches, and that of the
s leffes
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leffer G be 14, and of the Eye-Glafs 1 Inch;

X

then if Q& = fe, we fhall have 22 = gy,
| 1.5 % I

the Number of Times fuch a Telefcope will
magnify. If the focal Length of the Eye-
Glafs be but 1 Inch, the Power will be
$%9
IX]
nify the Diameters of Objes.

g% I Qe = toliches, G = 2,  and
DR = 1.0 then if QF = fe, we havk
12 x -

o . A 48, the Number of Times
2xLg 3
the Diameters of Objects will be magnified ;
but if Gf = 1.5, and N% = 1 Inch, then

12 X 12

= 81; for {o many times will it mag-

the Power will be = ¢b times, If

1.5 X I
the Image 7 M be required at any other Di~
ftance before or behind the great Concave Q,
the Power of magnifying may be found as in
Art. 16 and 17.

22. If the Telefcope be larger, viz. 1%
Foot, or 2, 3, 4, §, 6, &c. Feet long, there
are two Eye-Glafles applied, as in Fig, 3.
Where the Image I M is projected to fome
Diftance Q £, behind the great Mirrour BE,
and by the Interpofition of the firft Eye-Glafs
W X, itis contracted into RS, by Refraction
of the Rays WM, X1 into WN, XO, l';lt'

the
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the fecond Eye-Glafs Y Z, which again re-
fracts them to the Point P, where the Eye
views the Obje in it’s laft Image, under the
Angle NPO. The Effets of a Combina-
tion of two Eye-Glaffes 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 conjoined in
one, or compounded in one Machine. For, (1.)
We are to confider the Obje& Mirrour B E,
forming the Image I M of diftant Objeéls, 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
to any Eye at Q, which is the Fun&ion of
an Eye-Glafs, and magnifies the Objeét 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
{mall Speculum, fo far as to caufe a large Image
thereof 7 M, to be formed near the Eye,
which is the Effet of an Object-Glafs in a
Microfcope ; this Image I M 1s diftinétly
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 Teleﬁ:apﬂ and
Microfcope combined together, and it's Ef-
- fe& compounded of the Effects of thofe two
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
{maller Speculum G ; for if it be lefs, no more
parallel Rays (whtch make the prmmpal Pen-
cil cyxd) can be 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 Inﬂ and thofe of moft Confequence
too, as bemg neareft the Center; if any Part
of thf: great Mirrour can be {pared, it muft
be on the Extremity. Now the Breadth 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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Qe:eG::dcxy. Suppafe QE =6, ¢G

1.2 X 1.8
= 32 and ¢4 = 3.5:.then

— 0.3

of an Inch, and therefore xy may be a little
more than ;, of an Inch. If Qe =9, ¢G

1.5 X2

= 1,5, and ¢d = 2 ; then = 0.34
; 9
= xy. fQe=12 ¢eG =2, andesd=12;
x
’thf:r:{__2 p 0.14 == x ¥, which may be
12

then made about & an Inch. For the Diame-
ter of the Mirrour thould be a little bigger
than 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 Y Z,
For if it be bigger, it will permit the foreign
Light of the Sky, &c. to enter the Eye,
which cannot be fuffered ; for the Eye muft
receive nothing but what comes from the
Surface of the fmall Mirrour G. If the Hole
be {maller than the Diameter of the Cylinder
Prs, then fome of the neceffary Light of the
principal Pencil will be excluded, and the Ob-
ject rendered more obfcure.

28. If the Eye-Glafs Y Z were alone, and
! the Focus thercof, the Diameter of the Hole
would
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w::}u]d be found by this Analogy; As G/:
Ir::xy:rs = the Diameter of the Cylin-
der or Hole. Suppofe G/ =8, Ir=1, and

1X0.3

X9 = q.3; then =004 == ¥ neare
ly ; therefore the Hole muft not exceed &~ of
an Inch in Diameter. Again, fuppoie Gl=

1.4 X0.5
16

= 0,044 == rs; and therefore in a2 Telefcope
of this Length, the Hole at P muft not ex-
ceed ' — or  of an Inch in Diameter. And
this will be the Size of the faid Hole, if the
Image R S 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
Biliim s xy: 8o = 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 Dlameter R O,
will circumfcribe the Image, and limit thﬂ
Angle of Vifion, in fuch a Manner, as to ex-
~ hibit only fo much of the vifible Area, as ap-
| - pears diftinét, and exclude the confufﬁd co-
~ loured, and contorted Part thereof ; and all
the collateral and fuperfluous Rays, which
enter by the Sides of the little Mirrour, or
are refleted from it’s Margin. The Diameter
of this Hole RS is various, according to the
various Dimenfions of the Telefcope, and

S 2 Apertures

X0, Jr =14 and £ = 0.5 then
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Apertures of the Eye-Glafless WX and N O.
And had better be adjufted by Trials, than
Rules which might be given.

30. This famous Inftrument owes it’s Ori-
ginal to the Invention of Dr Gregory, (as be-
fore faid) but it’s Perfection to the Sagacity,
‘Skill, and Induftry, of Fohn Hadley, Efg;
Vice-Prefident of the Royal Soeiety, about 18
or 20 Years ago. Since which Time it has
been attempted by divers Perfons, and exe-
cuted fo well, that when once they can be
made as common as they are ufeful, and be’
fold cheap, the long Dioptric Telefcopes will
be heatrd of no more. And that this will be
the Cafe €’er long, I can almoft venture to
predi@, being well aflured, from what I have
done in it myfelf, that the Conftruction is not
fo difficult, and the Workmanfhip and Mate~
rials fo expenfive, as is generally underftood.

C HA Iy
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CHAFE "XVE

Of Micrometers, and the Method of
Sitting them to Microfcopes and Te-
lefeopes. '

T HE Word Micrometer 1s Greek, and

fignifies an Inftrument #o meafure
Jmall Objects, as thofe which are the Subjeéts
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 {mall Objeéls, whofe
Dimenfions cannot be taken by a common
Rule, is called 2 Micrometer. Of thefe there
are feveral Kinds, fome of which have been
applied 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 ¢ d¢ £, drawn
with the fine Point of a Diamond, (in an
Inftrument made for that Purpofe) of which

9.3 40
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40 are contained in an Inch, or the Inter-
val between two Lines is precifely the goth
Part of an Inch. See Fig. 1. Plate XXXIE

3. The Intervals of thefe Lines, tho’ fcarce
difcernable to the paked Eye, are very di-
ftin&t, and appear very large through a Lens, -
whofe focal Diftance is but an Inch, larger
than the Tenth of an Inch to the ”:Im-keﬁ\Eye.
And therefore, if it be placed in the Focus of
the Eye-Glafs of the Microfcope, the Image
of the Object 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. "

4. 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 Objects; let this Micrometer be repre-
fented by the Circle G HIK, and the parallel
Lines by LM N O, 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 thewn 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 4oth
Parts in Ee Glafs Micrometer, will be equal
to one fuch Interval in the Image AB. 1f Ce
2 CE:: 4:1, then four fuch Intervals in the
Micrometer are equal to one in the Image; if
Ce:CE::5:1, or 6:1; 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 confequently how much the
Microfcope magnifies an Object.

6. With this Micrometer it will be very eafy
to meafure any minute Objet very exactly;
for the Image being caft upon it, it will be
€afy to judge what Proportion the Diameter
of the Object, 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 Object 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 Object cover a sth Part of
an Interval, it will be but the 2o0cth Part of
an Inch in Diameter ; if I find it is in Length
equal to one Interval, or a goth Part of an

S 4 Inch,
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Inch thc Superficies of that Obje& will be
- x == —— or one 8cooth Part of a
fquare Tnch.  And thus the Length, Superfi-
cies, and Solidity of any minute Objeét, or
Part thereof, may be known, and meafured
to a fufficient Degree of Exactnefs by this
Glas 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 Ule where the utmoft Exatnefs 1s
required., It confifts of a Screw and Nut;
(fee Fig. 3.) the Nut is fixed into the Side of
the Microicope at G, at the Focus of the
Eye-Glafs DI ; 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 H O moves, the Hand HQ_ pointing
to the Divifions of the Circle.

9. The Screw HO, that I ufe in my .
Pocket Microfcope, has 5o Threads in an
Inch precifely; and the Circle NT 1is 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 Circlc, will caufe the Point O to
move over the — of 5 of an Inch, that is,
over the —— Part of an Inch.

10. Now when the lower Eye-Glafs GK
1s taken away, the Image A B, of any Object

ab,
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ab, is proje&ted into the Place of the Screw,
or Focus of the Glafs D F, and fo the Screw
H O will appear to lie 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 A B, be 4 times larger
than the Objeét ab; then, fince the whole
Revolution of the Screw moves the Point O
over one soth of an Inch in the Image, it
will be but one 4th of one gsoth in the Ob- |

ject ab; that is, it will meafure a 200th Part

of an Inch in the Obje@. Again, fince the
Motion of the Hand over one Divifien in the
graduated Circle, meafures the 10ooth Part of
an Inch in the Image, it will meafure but a
goooth Part of an Inch in the Objeét.

11. And thus if the Image AB be 5, 6,
8, or 10 times greater than the Object ab, one
Revolution of the Hand will accordingly mea-
fure the 25oth, 300th, 400, or gooth Part
of an Inch in the Object; and the Motion
over one Divifion of the Circle will be over
one goooth, 6ooo, 8oooth, or 10000th Part
of an Inch in the Obje¢t. 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;

2. Let 'AB beto ab, 2s.8 to''1; and
{fuppofe in meafuring the Length or Breadth
of an Object, your Index makes four Revolu-

tions,
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tions, and ftands at the 13th Divifion of the
Circle. Then fince in fuch a Microfcope,
one Revolution is the gooth 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 w=; = 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-
jeét was 5 Part of an Inch.

13. Or thus; 4 Revolations make 8o Di-
vifions on the Circle, which, with the odd 13,
_ make 93 Divifions in all; then = = o0.0116,
the Decimal Part of an Inch, as before, for
the' Length of the Obje&, or Part meafured.
In Praflice, the beft Way is to determine the
Proportion of Ce to CE, or of AB to ab;
and then to form a Table, fhewing, 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 eafy to be done by thofe who have
any Skill in fuch Matters.

14. Note, whenever you go to meafure an
Objec, 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 Obje&t ab, fo that the Part
to be meafured may be brought very nicely to

| I touch
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touch the tharp Point O of the Micrometer ;
then turning the Index about, you will eafily
perceive when the faid Point is 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 refratting 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
{mall 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 i1s only applied to
meafure the Angles fubtended 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 expenfive
thing, and it’s Defcription would be very te-
dious, I chufe to pafs it by, and give an Ac-
count of a more fimple one, which contains
in it 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 Object and Eye-
Glats. See Plate XXXIII. Fig. 1.

17. Let
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17. Let AB and DE be the Object and
Eye-Glafs of a Telefcope; and KG, HL,
the two Screws in their common Focus.
Now if the focal Length of the Object-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-
Jution, or Part thereof, of the Screw. Thus
fuppofe CF = 10 Feet, or 120 Inches, and
that 10 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.

13. Then if GH = 1 Inch, HF will be
3 an Inch, and therefore in the Right Angle
Triangle FCH, there being given the Side

CF and F H, we fhall find the Angle FCH

by this Analogy.

As the focal Length CF = 120 = 2.0791812
Is to the Side - - - FH = 0.5 = 9.6989700

So is the Radius - - 459 : 00’ = 10.0000000 &

To the Tangent of the An- ,
ole FCH =mi190: = } 7:6197988

19. Now the Screw in pafling over F H
wul make 20 Turns or Revolutions, and
fince 14 : 20" — 860’ ; therefore fay, As
got +u8Ge" 5 1% ¢ 437 5 thet 1, an Anglef:

' 0
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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
thefe fubdivided into 10 others each; then
every tenth Divifion will meafure 4" : 18" ;
and every hundredth Part 25“~, And if ‘the
focal Diftance CF be greater, the Angles
meafured will be fmaller in Proportion.

20. If it happens that no Number of
Threads are exactly 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 diretted to
the Line EF, fo that the Axis thereof K L,
be perpendicular thereto ; and the Diftances
EF, KL, precifely 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
fe, and adjuft the Ends of the Screws to the
Extremities thereof very nicely, and count
how many Revolutions and Parts of a Re-
volution are made before the Screws meet.
Then fay, As the Number of Revolutions is
to the whole Angle /K¢, {o is one Revolution
to the Angle it meafures. Fig, 2.

21. Or
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21. Or thus, fuppofe EF reprefents a Por-
tion of the Equinottial in the Heavens, and
let E be a Star in or near it; then baving di-
re@ted the Telefcope to the Star, and fet the
Ends of the Screws at the Diftance of a cer-
tain Number of Revolutions, bring the Star
to touch one of them, and obferve, by a good
Pendulum Clock, the Interval of Time which
the Star takes up in pafling to the other, then
turn that Time into the Minutes, Seconds,
and Thirds, 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 Equinotial, the Interval
of Time obferved in the Star’s Tranfit over
the Opening of the Screws, muft be leffened
in the Ratio of the following Analogy, viz.
As the Radius to the Sine of the Star's Di-
france from the Pole, [o is the Interval c]a{"
Time obferved, to the Time required ; whic
turned into Minutes and Seconds, gives the
Angle of the Aperture of the Screws.

23. In the fame Manner you find the Angle
for any Aperture of the Screws in a Refleét-
ing Telefcope ; and confequently a Microme-
ter may be fitted in thefe, as well as in the
other Sort. I fhall conclude with an eafy,
practical Method of finding the Power of
magnifying in a Refleing Telefcope, which
1s as follows,

24. In
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24. In a Tube of 6 Inches Length, fix at
one End a Piece of Glafs, on which are
drawn fome parallel and equi-diftant Lines,
and at the other End a Piece of Paftboard or
Wood, with a very fmall Hole in the middle;
with this view fome diftant Objeét, whofe ap-
parent Diameter will juft equal the Interval of
two of thofe parallel Lines. Then put the
fame Piece of Glafs 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¢t 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
Eines will be magnified 6 times; again, fup-
pofe the Diameter of the Object through the
‘Telefcope appears equal to 8 of thofe Inter-
vals, it is evident the Telefcope magnifics 6
times 8, or 48 times. '

CH AY.
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C B Pl

An Optical Inflrument for meafuring
the Angle of Vifion, or eftimating
the apparent Magnitude of Bodies ;
alfo for viewing Per/peftive Prints,
Piftures, &c. |

Xs H E Inftrament for thefe Parpofes is
that of Fig. 3. Plate XXXIII. con-
fifting of a Tube A CB D, containing two
4 Convex Lenfes AB and CD, of an equal fo-
cal Diftance 74 or hn, and placed at twice
that Diftance from each other ; exaély 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¢t G H is formed by
the Obje&t-Glafs CD.

2. This Image being alfo in the Focus of
the Eye-Glafs A B, is feen diftinctly by the
Eye placed in the other Focus # ; the Rays
g/ and bk being parallel, gb is equal to %2/;
and therefore the Angle 2m/ = big = GiH;
and therefore the Image, formed in this In-
ftrument, is feen under the fame or an equal
Angle, as the Obje& fubtends to the naked

: E}'ﬁ 3
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Eye; And confequently the Obje&t 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 {ubtends to the Eye, is of 1°:26'; fo two
‘will fubtend an Angle of 2° : 52”; and three
an Angle of 4%: 18'; and fo on: the Angles
and their Subtenfes being very nearly propor-
tional, when fo {mall. Hence the optic Angle,
or Angle of Vifion, under which any Objeét at
any Diflance 15 feen by the Eye, is immediately
known by this Inftrument.

4. The apparent Magnitudes of all Objeéts
are bereby eafily eftimated 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 Objects
themfelves in Appearance ; for the Objet
whofe Image meafures two Lines is apparent-
ly twice as big as one that meafures in it’s
Image but one Line, and but % as big as
another, whofe Image meafures three Lines.

5. By this Inftrument you alfo may meafure
very nearly the Diftance of Qbjeéts ; 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 Cafe, the Space or
T Length
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Length you went, is equal to the Diftance of
the Ob_]t& from the Place where you firft ob-
ferved it.

6. Again, the Diftances of Objelts being
known, their Heights are meafured pretty exall-
by by this Inftrument. 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,1g: gh::iG : GH.

7. This Inftrument is very ufeful in drawing
the Qut-Lines of any Landfcape or Objelt you
would 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 {mall ones; fo will the
Perfpective of the Piece be perfect.

8. This fmall Machine is extremely ufeful for
viewing perfpective Prints, Views, and Piclures,
&c. For as when you view Nature, it gives
you a beautiful Projection thereof on the per-
fpective Plane ; {o, on the contrary, when you
view a Print, Pl&ure or any Plece in per-
{pective, it refolves it all into Nature, and
gives you the fame Ideas of the Pofitions and
Diftances of Objects 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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protuberant, the Nofe projects, the Eye-
brows over-hang and darken the Cavities be-
neath, in which the Eyes and Eye-lids feem
to put themfelves in a Pofture to view you, and
the Lips are about to fpeak. In fhort, the
Picture or Landfcape being well done, and in
it’s proper Colours, it is almoft impoffible to
diftinguith it, feen thro’ fuch a Glafs, from
Nature, or the Life itfelf.

9. But moft efpecially thofe Pi&ures of
Nature’s own drawing, (viz. thofe by a dark
Chamber) viewed by fuch a Glafs, are moft
delightfully fine and beautiful. For as they
are painted always inverted, {o this Inftrument
erects the whole, and gives that Pleafure and
Perfection which only was wanting to make
the PiGtures of a darkened Room abfolutely
compleat the Reprefertation of Nature.

T 2 CHALZPL
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CHAP XVIL

Of the Magic Lanthorn, and Opera
| Glafs.

1 HE Magic Lanthorn 1s an optical

Machine, faid to be the Invention of
Mt Kircher, in order to magnify fmall
Objects in a dark Reom ; and has been fince
ufed rather to furprize and amufe ignorant
People, and for the Sake of Lucre, than for
any other Purpofe, and thence it had it’s com-
imon Name : It has been alfo called Lanterna
Megalographica, from it’s Property of magni-
Jying [mall Objeéts.

2. The Conftru&tion 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 EF G H,
in the Side of which F H is fixed a round
Tube KLNM, within which flides another
Tube O P, fo 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 pafling through it a {mall
Frame or Plane of Glafs, on which are painted

divers
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divers fmall Objects in tranfparent Colours, as at
QR. See Plate XXXIV. Fig. 1.

3. In this Lanthorn is a Lamp or Candle I,
which by means of the great Convex K L be-
fore, and a large Concave Speculum XY be-
hind, does very ftrongly illuminate the Object
QR. If now the Lens ST be moved a little
farther from the Objet QR than is 1t’s focal
Diftance, it will form a Reprefentation of the
fame at a great Diftance on the oppofite Wall,
in a large Image as VW ; which will be as
much larger than the Obje&t QR, as the Di-
ftance 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 {maller 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 Spectators; 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, &¢. 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 Diagonal Per-
Jpective, from it's Conftry@ion, which is as

follows.
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follows. ABCD is the wooden Tube about
4 Inches long; EF, G H, are two Holes on
each Side, exaltly againft the middle of 1K
a Plane Mirrour, which reflects the Rays fall-
ing upon it to the Convex L M, thro’ which
they are refracted to the Concave Eye-Glafs
N O, whence they emerge parallel to the Eye
at the Hole 75, in the End of the Tube.
Fig. 2.

6. Let PaQ_be an Objet to be viewed,
from whence proceed the Rays Pe¢, a4, and
Q d, thefe Rays being reflected by the plane
Mirrour I K, will thew the Object in the Di-
reGtion ¢p, ba, dg, in the Image pg, equal
to the Object P Q, and as far behind the Mir-
rour I K, as the Object 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 pg as an Object,
the Cafe of this perfpective Glafs is reduced
to that of a common refracting Telefcope of
Galileo’s Form, whofe Obje&-Glafs is L M,
and Eye-Glafs NO. And fince in viewing

Objeéis 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 Object will be mag-
I nified

5
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nified three times, which is enough to anfwer
the Defign of this Glafs.

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 polithed
for that Purpofe, as well as the under. This
Tube unfcrews near the Obje&t-Glas L M,
for taking out' and cleanfing the Glafles and
Mirrour. T prefume enough is faid to ex-
plain the Nature and Conftruction 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

varter than that in which the Perfon 1s;
and becaufe there being a Hole on each Side,
it is impofiible to know on which Hand the
Object is fituated which you are viewing.
The Pofition of the Object will be erect 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.

Fo Ayl 8
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ADVERTISEMENT.

New-Invented Pocket Refleing

MICROSCOPE S,

WITH
MICROMETERS;

Made and fold by Benjamin MarTIN,

in Chichefter, at the following Prices, viz.

Without a Micrometer at Ten Shillings

With a Micrometer at One Guinea,
Thofe
and Six-pence.

Thefe Pocket Microfcopes of the beft Sort, have

the very fame Glafles, take in as large a View, and
magnify Objefts as much as the largeft and beft Re-
fleCting Microfcopes ever yet made. The others are
as good in Effe€t, Thefe Microfcopes have all the
Ufes of other Microfcopes, and many which they have
not. Any Gentleman may have them at the Britib
C;ﬁ'}e-Ha}z;/é, in Finch-Lane, London ; or fent to any
Part of England, by a Letter to me at Chichefler.
Allowance will be made to thofe who take a Quan-
Lity.

Lﬂff{y Pﬂﬁjfﬂ?’d,
With an Appendix, by the fame AuTHogr,

The DescrirpTion and Use of

the above-faid Microscorz,
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